
CHAPTER 6 t: CRITICALITY EVALUATION

This chapter documents the criticality evaluation of the HI-STORM 100 System for the storage 
of spent nuclear fuel in accordance with 1OCFR72.124. The results of this evaluation 
demonstrate that the HI-STORM 100 System is consistent with the Standard Review Plan for 
Dry Cask Storage Systems, NUREG-1 536, and thus, fulfills the following acceptance criteria: 

1. The multiplication factor (keff), including all biases and uncertainties 'at a 95-percent 
confidence level, should not exceed 0.95 under all credible normal, off-normal, aind accident 
conditions.  

2. At least two unlikely, independent, and concurrent or sequential changes to the conditions 
essential to criticality safety, under normal, off-normal, and accident conditions, should occur 
before an accidental criticality is deemed to be possible.  

3. When practicable, criticality safety of the design should be established on the basis of 
favorable geometry, permanent fixed neutfon-absorbing materials (poisons), or both.  

4. Criticality safety of the cask system should not rely on use of the following credits: 

a. burnup of the fuel 
b. fuel-related burnable neutron absorbers 
c. more than 75 percent for fixed neutron absorbers when subject to standard acceptance 

test.  

In addition to demonstrating that the criticality safety acceptance criteria are satisfied, this 
chapter describes the HI-STORM 100 System design structures and components important to 
criticality safety and defines the limiting fuel characteristics in sufficient detail to identify the 
package accurately and provide a sufficient basis for the evaluation of the package. Analyses for 
the HI-STAR 100 System, which are applicable to the HI-STORM 100 System, have been 
previously submitted to the USNRC under Docket Numbers 72-1008 and 71-9261.  

t This chapter has been prepared in the format and section organization set forth in Regulatory Guide 
3.61. However, the material content of this chapter also fulfills the requirements of NUREG-1536.  
Pagination and numbering of sections, figures, and tables are consistent with the convention set down 
in Chapter 1, Section 1.0, herein. Finally, all terms-of-art used in this chapter are consistent with the 
terminology of the glossary (Table 1.0.1) and component nomenclature of the Bill-of-Materials 
(Section 1.5).  
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6.1 DISCUSSION AND RESULTS 

In conformance with the principles established in NUREG-1536 [6.1.1], 1OCFR72.124 [6.1.2], 
and NUREG-0800 Section 9.1.2 [6.1.3], the results in this chapter demonstrate that the effective 
multiplication factor (kfr) of the HI-STORM 100 System, including all biases and uncertainties 
evaluated with a 95% probability at the 95% confidence level, does not exceed 0.95 under all 
credible normal, off-normal, and accident conditions. Moreover, these results demonstrate that 
the HI-STORM .100 System is designed and maintained such that at least two unlikely, 
independent, and concurrent or sequential changes must occur to the conditions essential to 
criticality safety before a nuclear criticality accident is possible. These criteria provide a large 
subcritical margin, sufficient to assure the criticality safety of the HI-STORM 100 System when 
fully loaded with fuel of the highest permissible reactivity.  

Criticality safety of the HI-STORM 100 System depends on the following four principal design 
parameters: 

1. The inherent geometry of the fuel basket designs within the MPC (and the flux-trap water 
gaps in the MPC-24, MPC-24E and MPC-24EF); 

2. The incorporation of permanent fixed neutron-absorbing panels (Be.oal) in the fuel basket I 
structure; 

3. An administrative limit on the maximum enrichment for PWR fuel and maximum planar
average enrichment for BWR fuel; and 

4. An administrative limit on the minimum soluble boron concentration in the water for 
loading/unloading fuel with higher enrichments in the MPC-24, MPC-24E and MPC
24EF, and for loading/unloading fuel in the MPC-32 and MPC-32F.  

The off-normal and accident conditions defined in Chapter 2 and considered in Chapter 11 have 
no adverse effect on the design parameters important to criticality safety, and thus, the off-normal 
and accident conditions are identical to those for normal conditions.  

The HI-STORM 100 System is designed such that the fixed neutron absorber (Ben1will remain 
effective for a storage period greater than 20 years, and there are no credible means to lose it.  
Therefore, in accordance with 1OCFR72.124(b), there is no need to provide a surveillance or 
monitoring program to verify the continued efficacy of the neutron absorber.  
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Criticality safety of the HI-STORM 100 System does not rely on the use of any of the following 
credits: 

"* bumup of fuel 

* fuel-related burnable neutron absorbers 

"* more than 75 percent of the B-10 content for the fixed neutron absorber-(Be4al).  

The following four interchangeable basket designs are available for use in the HI-STORM 100 
System: 

"• '-a 24-cell basket (MPC-24), designed for intact PWR fuel assemblies with a specified 
maximum enrichment and, for higher enrichments, a minimum soluble boron concentration 
in the pool water for loading/unloading operations, 

" a 24-cell basket (MPC-24E) for intact and damaged PWR fuel assemblies. This is a variation 
of the MPC-24, with an optimized cell arrangement, increased 10B content in the Bea-tflxed 
neutron absorber and with four' cells capable of accommodating either intact fuel or a 
damaged fuel container (DFC). Additionally, a variation in the MPC-24E, designated MPC
24EF, is designed for intact and damaged PWR fuel assemblies and PWR fuel debris. The 
MPC-24E and MPC-24EF are designed for fuel assemblies with a _ specified maximum 
enrichment and, for higher enrichments, a minimum soluble boron concentration in the pool 
water for loading/unloading operations, 

" a 32-cell basket (MPC-32), designed for intact and damaged PWR fuel assemblies of a 
specified maximum enrichment and minimum soluble boron concentration , for 
loading/unloading. Additionally, a variation in the MPC-32, designated .MPC-32F, is 
designedfor intact and damaged PWR fuel assemblies and PWR fuel debris.; aAnd 

" a 68-cell basket (MPC-68), designed for both intact and damaged BWR fuel assemblies with 
a specified maximum planar-average enrichment. Additionally, variations in the MPC-68, 
designated MPC-68F and MPC-68FF, are ,designed for intact and damaged BWR fuel 
assemblies and BWR fuel debris with a specified maximum planar-average enrichment.  

The HI-STORM 100 System 'includes the HI-TRAýC transfer cask and the.HI-STORM storage 
cask. The HI-TRAC transfer cask is required for loading and unloading fuel into the MPC and 
for transfer of the MPC into the HI-STORM storage cask. HI-TRAC uses a lead shield for 
gamma radiation and a water-filled jacket for neutron shielding. The HI-STORM storage cask 
uses concrete as a shield for both gamma and neutron radiation. Both the HI-TRAC transfer cask 
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and the HI-STORM storage cask, as well as the HI-STAR System , accommodate the 
interchangeable MPC designs. The three cask designs (HI-STAR, HI-STORM, and HI-TRAC) 
differ only in the overpack reflector materials (steel for HI-STAR, concrete for HI-STORM, and 
lead for HI-TRAC), which do not significantly affect the reactivity. Consequently, analyses for 
the HI-STAR System are directly applicable to the HI-STORM 100 system and vice versa.  
Therefore, the majority of criticality calculations to support both the HI-STAR and the HI
STORM System have been performed for only one of the two systems, namely the HI-STAR 
System. Only a selected number of analyses has been performed for both systems to demonstrate 
that this approach is valid. Therefore, unless specifically noted otherwise, all analyses 
documented throughout this chapter have been performed for the HI-STAR System. For the cases 
where analyses were performed for both the HI-STORM and HI-STAR System, this is clearly 
indicated.  

The HI-STORM 100 System for storage (concrete overpack) is dry (no moderator), and thus, the 
reactivity is very low (kef- <0.52). However, the HI-STORM 100 System for cask transfer (HI
TRAC, lead overpack) is flooded for loading and unloading operations, and thus, represents the 
limiting case in terms of reactivity.  

The MPC-24EF, MPC-32F and MPC-68FF contains the same basket as the MPC-24E, MPC-32 
and MPC-68, respectively. More specifically, all dimensions relevant to the criticality analyses 
are identical between the MPC-24E and MPC-24EF, the MPC-32 and MPC-32F, and the MPC
68 and MPC-68FF. Therefore, all 'criticality results obtained for the MPC-24E, MPC-32 and 
MPC-68 are valid for the MPC-24EF, MPC-32F and MPC-68FF, respectively, and no separate 
analyses for the MPC-24EF, MPC-32F and MPC-68FF are necessary. Therefore, throughout this 
chapter and unless otherwise noted, 'MPC-68' refers to 'MPC-68 and/or MPC-68FF" 'MPC
24E' or 'MPC-24E/EF' refers to 'MPC-24E and/or MPC-24EF, and 'MPC-32' or 'MPC
32/32F' refers to 'MPC-32 and/or MPC-32F'.  

The MIP 68FF eontains the same basket as the MIPG 68. Moere spceifieally, all dimensiens 
relevant to the cr-iticality analyses are identical be~ween the M4PG 68 and M4PG 68FF. Therefore,' all er-itieality results baidfr- the MIPG 68 arc valid for- the M.%PC- 68FF and ne separate 
analyses for-the cMPC 68FF are neeessairy.  

Confirmation of the criticality safety of the HI-STORM 100 System was accomplished with the 
three-dimensional Monte Carlo code MCNP4a [6.1.4]. Independent confirmatory calculations 
were made with NITAWL-KENO5a from the SCALE-4.3 package [6.4.1]. KENO5a [6.1.5] 
calculations used the 238-group SCALE cross-section library in association with the NITAWL-II 
program [6.1.6], which adjusts the uranium-238 cross sections to compensate for resonance self
shielding effects. The Dancoff factors required by NITAWL-II were calculated with the 
CELLDAN code [6.1.13], which includes the SUPERDAN code [6.1.7] as a subroutine. K

Analyses for the HI-STAR System have previously been submitted to the USNRC under Docket 
Numbers 72-1008 and 71-9261.  
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factors for one-sided statistical tolerance limits with 95% probability at the 95% confidence level 
were obtained from the National Bureau of Standards (now NIST) Handbook 91 [6.1.8].  

To assess the incremental reactivity effects due to manufacturing tolerances, CASMO-3, a two
dimensional transport theory code [6.1.9-6.1.12] for fuel assemblies, and MCNP4a [6.1.4] were 
used. The CASMO-3 and MCNP4a calculations identify those tolerances thai cause a positive 
reactivity effect, enabling the subsequent Monte Carlo code input to define the worst case (most 
conservative) conditions. CASMO-3 was not used for quantitative information, but only to 
qualitatively indicate the direction and approximate magnitude of the reactivity effects of the 
manufacturing tolerances.  

Benchmark calculations were made to compare the primary code packages (MCNP4a and 
KENO5a) with experimental data, using critical experiments selected to encompass, insofar as 
practical, the design parameters of the HI-STORM 100 System. The most important parameters 
are (1) the enrichment, (2) the water-gap size (MPC-24, MPC-24E and MPC-24EF) or cell 
spacing (MPC-32, MPC-32F, MPC-68, MPC-68F and MPC-68FF), (3) the 10B loading of the 
neutron absorber panels, and (4) the soluble boron concentration in the water. The critical 
experiment benchmarking is presented in Appendix 6.A.  

Applicable codes, standards, and regulations, or pertinent sections thereof, include the following: 

* NUREG-1536, Standard Review Plan for Dry Cask Storage Systems, USNRC,- Washington 
D.C., January 1997.  

* 1 OCFR72.124, Criteria For Nuclear Criticality Safety.  

• Code of Federal Regulations, Title 10, Part 50, Appendix A, General Design Criterion 62, 
Prevention of Criticality in Fuel Storage and Handling.  

9 USNRC Standard Review Plan, NUREG-0800, Section 9.1.2, Spent Fuel Storage, Rev. 3, 
July 1981.  

To assure the true reactivity will always be less than the calculated reactivity, the following 
conservative design criteria and assumptions were made: 

"* The MPCs are assumed to contain the most reactive fresh fuel authorized to be loaded into a 
specific basket design.  

" Consistent with NUREG-1536, no credit for fuel burnup is assumed, either in depleting the 
quantity of fissile nuclides or in producing fission product poisons.  

" Consistent with NUREG-1536, the criticality analyses assume 75% of the manufacturer's 
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minimum Boron-10 content for the Bemoa1fixed neutron absorber.

" The fuel stack density is conservatively assumed to be at least 96% of theoretical (10.522 
g/cm 3) for all criticality analyses. Fuel stack density is approximately equal to 98% of the 
pellet density. Therefore, while the pellet density of some fuels may be slightly greater than 
96% of theoretical, the actual stack density will be less.  

" No credit is taken for the 234U and 236U in the fuel.  

" When flooded, the moderator is assumed to be water, with or without soluble boron, at a 
temperature and density corresponding to the highest reactivity within the expected operating 
range.  

" When credit is taken for soluble boron, a 1°B content of 18.0 wt% in boron is assumed.  

" Neutron absorption in minor structural members and optional heat conduction elements is 
neglected, i.e., spacer grids, basket supports, and optional aluminum heat conduction 
elements are replaced by water.  

"° Consistent with NUREG-1536, the worst hypothetical combination of tolerances (most 
conservative values within the range of acceptable values), as identified in Section 6.3, is 
assumed.  

"* When flooded, the fuel rod pellet-to-clad gap regions are assumed to be flooded with pure 
unborated water.  

" Planar-averaged enrichments are assumed for BWR fuel. (Consistent with NUREG-1536, 
analysis is presented in Appendix 6.B to demonstrate that the use of planar-average 
enrichments produces conservative results.) 

" Consistent with NUREG-1536, fuel-related burnable neutron absorbers, such as the 
Gadolinia normally used in BWR fuel and IFBA normally used in PWR fuel, are neglected.  

"* For evaluation of the bias, all benchmark calculations that result in a kfr greater than 1.0 are 
conservatively truncated to 1.0000, consistent with NUREG-1536.  

"* The water reflector above and below the fuel is assumed to be unborated water, even if 
borated water is used in the fuel region.  

"* For fuel assemblies that contain low-enriched axial blankets, the governing enrichment is that 
of the highest planar average, and the blankets are not included in determining the average 
enrichment.  
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For intact fuel assemblies, as defined in the Certificate of Compliance, missing fuel rods must 
-be replaced with dummy rods that displace a volume of water that is equal to, or larger than, 
that displaced by the original rods.  

Results of the design basis criticality safety calculations for single internally flooded HI-TRAC 
transfer casks with full water reflection on all sides (limiting cases-for the HI-STORM 100 
System), and for-single unreflected, internally flooded HI-STAR casks (limiting cases for the HI
STAR 100 System), loaded with intact fuel assemblies are listed in Tables 6.1.1 through 6.1.8, 
conservatively evaluated for the worst combination of manufacturing tolerances (as identified in 
Section 6.3), and including the calculaitional bias, uncertainties, and calculational statistics. Te 
Comparing corresponding results for the HI-TRAC and HI-STAR demonstrates that the overpack 
material does not significantly affect the reactivity. Consequently, analyses for the HI-STAR 
System are directly applicable to the HI-STORM 100 System and vice versa., results .ofc 
design basis cr-iticality safiaty calculations for- singleurelctd internally flodded HI STAR 
easks (limiting eases for- the HI STA.,R 100 System) arc listed in Tables 6.1.1 dhrbuigh,64.9 for 
coipafiieon, In addition, a few results for single internally dry (no moderator) HI-STORM 
storage casks with full water reflection on all external surfaces of the overpack, including the 
annulus region between the MPC and overpack•, are listed to'confirm'the low reactiv'ity'of the HI
STORM 100 System in storage.  

For each of the MPC designs, minimum soluble boron concentration (if applicable) and fuel 
assembly classestl, Tables 6.1.1 through 6.1.8 list the bounding maximum k'ff value, and the 
associated maximum allowable enrichment. The maximum allowed enrichments and the 
minimum soluble boron concentrations are defined in Appendix B to the Certificate of 
Compliance. The candidate fuel assemblies, that are bounded by those listed in Tables 6.1.1 
through 6.1.8, are given in Section 6.2.  

Results of the design basis criticality safety calculations for single unreflected, internally flooded 
casks (limiting cases) loaded with damaged fuel assemblies or a combination of intact and 
damaged fuel assemblies are listed in Tables 6.1.9 through 6.1.14-2. The results include the I 
calculational bias, uncertainties, and calculational statistics. For each of the MPC designs 
qualified for damaged fuel and/or fuel debris (MPC-24E, MPC-24EF, MPC-68, MPC-68F, end 
MPC-68FF, MPC-32 and MvPC-32F), Tables 6.1.9 through 6.1.11-2 indicate the maximum 

"tt For each array size (e.g., 6x6, 7x7, 14x14, etc.), the fuel assemblies have been subdivided into a 
number of assembly classes, where an assembly class is defined in terms of the (1) number of fuel 
rods; (2) pitch; (3) number and location of guide tubes (PWR) or water rods (BWR); and (4) cladding 
material. The assembly classes for BWR and PWR fuel are defined in Section 6.2.  
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number of DFCs and list the fuel assembly classes, the bounding maximum keff value, and-the 
associated maximum allowable enrichment, and if applicable the minimum soluble boron 
concentration. For the permissible location of DFCs see Subsection 6.4.4.2. The maximum 
allowed enrichments are defined in Appendix B to the Certificate of Compliance.  

A table listing the maximum ktr (including bias, uncertainties, and calculational statistics), 
calculated kefr, standard deviation, and energy of the average lethargy causing fission (EALF) for 
each of the candidate fuel assemblies and basket configurations is provided in Appendix 6.C.  
These results confirm that the maximum keff values for the rn-STORM 100 System are below the 
limiting design criteria (k.rr < 0.95) when fully flooded and loaded with any of the candidate fuel 
assemblies and basket configurations. Analyses for the various conditions of flooding that 
support the conclusion that the fully flooded condition corresponds to the highest reactivity, and 
thus is most limiting, are presented in Section 6.4. The capability of the HI-STORM 100 System 
to safely accommodate damaged fuel and fuel debris is demonstrated in Subsection 6.4.4.  

Accident conditions have also been considered and no credible accident has been identified that 
would result in exceeding the design criteria limit on reactivity. After the MPC is loaded with 
spent fuel, it is seal-welded and cannot be internally flooded. The HI-STORM 100 System for 
storage is dry (no moderator) and the reactivity is very low. For arrays of HI-STORM storage 
casks, the radiation shielding and the physical separation between overpacks due to the large 
diameter and cask pitch preclude any significant neutronic coupling between the casks.
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Table 6.1.1

BOUNDING MAXIMUM k~ff VALUES FOR EACH ASSEMBLY CLASS IN THE MPC-24 
(no soluble boron) 

Fuel Maximum Allowable 
Assembly Enrichment Maximum' keff 

Class (wt% 235U) 

_ _HI-STORM HI-TRAC HI-STAR 

14x14A 4.6 0.3080 0.9283 0.9296 
14x14B 4.6 --- 0.9237 0.9228 
14x14C 4.6 --- 0.9274 0.9287 
14x14D 4.0 --- 0.8531 --0.8507 
14x14E 5.0 --- 0.7627 0.7627 
15x15A 4.1 --- 0.9205 0.9204 
15x15B 4.1 --- 0.9387 0.9388 
15x15C 4.1 --- 0.9362 0.9361 
15x15D 4.1 --- 0.9354 0.9367 
15x15E 4.1 --- 0.9392 0.9368 
15x15F 4.1 0.3648 0.9393tt 0.9395tt 
15x15G 4.0 --- 0.8878 0.8876 
15x15H 3.8 --- 0.9333 0.9337 
16x16A 4.6 0.3447 0.9273 0.9287 
17x17A 4.0 0.3243 -0.9378 0.9368 
17xl 7B 4.0 --- 0.9318 0.9324 
l7xl7C 4.0 --- 0.9319 0.9336 

Note: The HI-STORM results are for internally dry (no moderator) HI-STORM storage casks with full 
water reflection on all sides, the HI-TRAC results are for internally fully flooded HI-TRAC 
transfer casks (which are part of the HI-STORM 100 System) with full water reflection on all 
sides, and the HI-STAR results are for unreflected, internally fully flooded HI-STAR casks.  

The term "maximum kff " as used here, and elsewhere in this document, means the highest possible k
effective, including bias, uncertainties, and calculational statistics, evaluated for the worst case combination 
of manufacturing tolerances.

KENO5a verification calculation resulted in a maximum klff of 0.9383.  

KENO5a verification calculation resulted in a maximum klff of 0.9378.ttt
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Table 6.1.2 

BOUNDING MAXIMUM keff VALUES FOR EACH ASSEMBLY CLASS IN THE MPC-24 
WITH 400 PPM SOLUBLE BORON 

Fuel Maximum Allowable 
Assembly Enrichment Maximumt ken" 

Class (wt% 235 U) 

HI-STORM HI-TRAC HI-STAR 

14x14A 5.0 ..--- 0.8884 

14x14B 5.0 ...--- 0.8900 

14x14C 5.0, --- --- 0.8950 

14x14D 5.0 --- . 0.8518 

14x14E 5.0 --- --- 0.7132 

15x15A 5.0 ..... 0.9119 

15x15B 5.0 --- --- 0.9284 

15xl5C 5.0 ...--- 0.9236 

15x15D 5.0 --- --- 0.9261 

15x 15E 5.0 --- --- 0.9265 

15x15F 5.0 0.4013 0.9301 0.9314 

15xl5G 5.0 --- --- 0.8939 

15x15H 5.0 --- 0.9345 0.9366 

16x16A 5.0 --- .. 0.8955 

17x17A 5.0 --- 0.9264 

17x17B 5.0 --- --- 0.9284 

17x17C 5.0 --- 0.9296 0.9294 

Note: The HI-STORM results are for internally dry (no moderator) HI-STORM storage casks with full 
water reflection on all sides, the HI-TRAC results are for internally fully flooded HI-TRAC 
transfer casks (which are part of the HI-STORM 100 System) with full water reflection on all 
sides, and the HI-STAR results are for unreflected, internally fully flooded HI-STAR casks.

The term "maximum kef' as used here, and elsewhere in this document, means the highest possible 
k-effective, including bias, uncertainties, and calculational statistics, evaluated for the worst case 
combination of manufacturing tolerances.
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Table 6.1.3 

BOUNDING MAXIMUM kerr VALUES FOR EACH ASSEMBLY CLASS IN THE MPC-24E 
AND MPC-24EF (no soluble boron) 

Fuel Maximum Allowable 
Assembly Enrichment Maximum' keff 

Class (wt% 235u) 

HI-STORM HI-TRAC HI-STAR 

14x14A 5.0 --- --- 0.9380 

14x14B 5.0 --- --- 0.9312 

14x14C 5.0 --- 0.9356 

14x14D 5.0 --- 0.8875 

14x14E 5.0 --- 0.7651 

15xl5A 4.5 -..--- 0.9336 

15x15B 4.5 ...--- 0.9465 

15xl5C 4.5 --- 0.9462 

15x15D 4.5 ...... 0.9440 

15xl5E 4.5 --- --- 0.9455 

15x15F 4.5 0.3699 0.9465 0.9468 

15x15G 4.5 .-..--- 0.9054 

15x15H 4.2 .-.... 0.9423 

16x16A 5.0 ..-.. 0.9341 

17x17A 4.4 --- 0.9467 0.9447 

17x17B 4.4 --- -.. 0.9421 

l7x17C 4.4 --- 0.9433 

Note: The HI-STORM results are for internally dry (no moderator) HI-STORM storage casks with full 
water reflection on all sides, the HI-TRAC results are for internally fully flooded HI-TRAC 
transfer casks (which are part of the HI-STORM- 100 System) with full water reflection on all 
sides, and the HI-STAR results are for unreflected, internally fully flooded rI-STAR casks.

The term "maximum klff " as used here, and elsewhere in this document, means the highest 
possible k-effective, including bias, uncertainties, and calculational statistics, evaluated for the 
worst case combination of manufacturing tolerances.
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Table 6.1.4 

BOUNDING MAXIMUM klff VALUES FOR EACH ASSEMBLY CLASS IN THE MPC-24E 
AND MPC-24EF WITH 300 PPM SOLUBLE BORON 

Fuel Maximum Allowable 
Assembly Enrichment Maximumt keff 

Class (wt% 23SU) 

HI-STORM HI-TRAC HI-STAR 

14xl4A 5.0 ...... 0.8963 

14x14B 5.0 --- --- 0.8974 

14x14C 5.0 --- --- 0.9031 

14x14D 5.0 ...--- 0.8588 

l4x14E 5.0 --- --- 0.7249 

15xl5A 5.0' - --- 0.9161 

15xl5B 5.0 --- 0.9321 

15xl5C 5.0 --- --- 0.9271 

15x15D 5.0 --- --- 0.9290 

15x15E 5.0 --- --- 0.9309 

15x 15F 5.0 0.3897 0.9333 0.9332 

15x15G 5.0 --- --- 0.8972 

15xl5H 5.0 --- 0.9399 0.9399 

16xl6A 5.0 --- --- 0.9021 

17xl7A 5.0 --- 0.9320 0.9332 

17x17B 5.0 ...--- 0.9316 

17x17C 5.0 --- 0.9312 

Note: The HI-STORM results are for~internally dry (no moderator) HI-STORM storage casks with full 
water reflection on all sides, the HI-TRAC results are for internally fully flooded HI-TRAC 
transfer casks (which are part of the HI-STORM 100 System) with full water reflection on all 
sides, and the HI-STAR results are for unreflected, internally fully flooded HI-STAR casks.

t The term "maximum kfr " as used here, and elsewhere in this document, means the highest 
possible k-effective, including bias, uncertainties, and calculational statistics, evaluated for the 
worst case combination of manufacturing tolerances.
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Table 6.1.5

BOUNDING MAXIMUM k~ff VALUES'FOR EACH ASSEMBLY CLASS IN TH4E MPC-32 
AND MPC-32FFOR 4.1% ENRICHMENT WIT-H 1900 PPMI SOLUBLE BORON 

Fuel Maximum Minimum 
Assembly Allowable Soluble Boron Maximumt keff 

Class Enrichment Concentration 
(wt% 235u) (ppm) 

-__HI-STORM HI-TRAC HI-STAR 
14x 14A 4.1 1300 --- 0.9005 

14xl4B 4.1 1300 ---.--- 0.9217 
14xl4C 4.1 1300 --- -- 0.9393 

14x14D 4.1 -1300-- ---.. 0.8901 
14xl4E 4.1 1300 -- 0.6726 

15xl5A 4.1 1800 --- . 0.9183 
15x I 5B 4.1 1800 --- 0.9356 
15xl5C 4.1 1800 ....--- 0.9238 

15x15D 4.1 1900 --- 0.9384 
15xl5E 4.1 1900 --- --- 0.9365 

15x15F 4.1 1900 0.4691 0.9403 0.9411 
15x15G 4.1 1800 --- ... 0.9103 
15i15H 4.1 1900 ....--- 0.9276 
16x16A 4.1 1300 ..- 0.9429 
17xl 7A 4.1 1900 ...... 0.9111 
17xl7B 4.1, 1900 --- --- -0.9309 
17x17C 4.1 1900 --- 0.9365 0.9355 

Note: The HI-STORM results are for internally dry (no moderator) HI-STORM storage casks with full 
water reflection on all sides, the HI-TRAC results are for internally fully flooded HI-TRAC 
transfer casks (which are part of 'the HI-STORM 100 System) with full water reflection on all 
sides, and the HI-STAR results are for unreflected, internally fully flooded HI-STAR casks.  

The term "maximum klf " as used here, and elsewhere in this document, means the highest 
possible k-effective, including bias, uncertainties, and calculational statistics, evaluated for the 
worst case combination of manufacturing tolerances.
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Table 6.1.6

BOUNDING MAXIMUM kff VALUES FOR EACH ASSEMBLY CLASS IN THE MPC-32 
AND MPC-32F FOR 5.0%ENRICHMENvJVTH 2600 PPM SOLUBLE BORON 

Fuel Maximum Minimum 
Assembly Allowable Soluble Boron Maximumt ken 

Class Enrichment Concentration 
(wt% 235U) (ppm) HI-STORM HI-TRAC HI-STAR 

l4x14A 5.0 1900 -. --- 0.8955 

14xl4B 5.0 1900 --- 0.9162 

14xl4C 5.0 1900 --- 0.9422 

14x14D 5.0 1900 --- 0.8962 

14xl4E 5.0 1900 --- 0.6669 

l5xl5A 5.0 2400 --.--- 0.9271 

15x15B 5.0 2400 --- --- 0.9473 

15xl5C 5.0 2400 --- --- 0.9336 

15x15D 5.0 2600 --.--- 0.9466 

15x15E 5.0 2600 --- --- 0.9434 

15x15F 5.0 2600 0.5142 0.9470 0.9483 

15xl5G 5.0 2400 --- --- 0.9256 

15xl5H 5.0 2600 --- --- 0.9333 

l6x16A 5.0 1900 --- 0.9442 

17x17A 5.0 2600 --- --- 0.9161 

17x17B 5.0 2600 --- -- 0.9371 

l7x17C 5.0 2600 --- 0.9436 0.9437 

Note: The HI-STORM results are for internally dry (no moderator) HI-STORM storage casks with full 
water reflection on all sides, the HI-TRAC results are for internally fully flooded HI-TRAC 
transfer casks (which are part of the HI-STORM 100 System) with full water reflection on all 
sides, and the HI-STAR results are for unreflected, internally fully flooded HI-STAR casks.  

The term "maximum kerr " as used here, and elsewhere in this document, means the highest 

possible k-effective, including bias, uncertainties, and calculational statistics, evaluated for the 
worst case combination of manufacturing tolerances.
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Table 6.1.7

BOUNDING MAXIMUM keff VALUES FOR EACH ASSEMBLY CLASS IN THE MPC-68 
AND MPC-68FF 

Fuel Maximum Allowable 
Assembly Planar-Average Maximumt ker 

Class Enrichment (wt% 235U) 

HI-STORM HI-TRAC HI-STAR 
6x6A 2 .7tt --- 0.7886 0 .7 8 8 8 ttt 
6x6BI 2 .7 tt --- 0.7833 0 .7 8 24 ttt
6x6C 2.7tt 0.2759 0.8024 0.8021"tt 
7x7A 2 .7 tt --- 0.7963 0 .7 9 7 4 tft 
7x7B 4.2 0.4061 0.9385 0.9386 
8x8A 2 .7 tt --- 0.7690 0 .7 6 9 7ttt 
8x8B 4.2 0.3934 0.9427 0.9416 
8x8C 4.2 0.3714 0.9429 0.9425 
8xWD 4.2 --. 0.9408 0.9403 
8x8E 4.2 --- 0.9309 0.9312 
8x8F 4.0 --- 0.9396 0.9411 

Note: The HI-STORM results are for internally dry (no moderator) HI-STORM storage casks with full 
water reflection on all sides, the HI-TRAC results are for internally fully flooded HI-TRAC 
transfer casks (which are part of the HI-STORM 100 System) with full -water- reflection on all 
sides, and the HI-STAR results are for unreflected, intemally3 fully flooded HI-STAR casks.

The term "maximum klff " as used here, ,and elsewhere in this document, means the highest 
possible k-effective, including bias, uncertainties, and calculational statistics, evaluated for the 
worst case combination of manufacturing tolerances.

This calculation was performed for 3.0% planar-average enrichment, however, the actual fuel and 
Certificate of Compliance are limited to maximum planar-average enrichment of 2.7%. Therefore, 
the listed maximum keff value is conservative.

ttt This calculation was performed for a 10B loading of 0.0067 g/cm 2, which is 75% of a minimum 1°B 
loading of 0.0089 g/cm 2. The minimum 10B loading in the MPC-68 is 0.0372 g/cm2. Therefore, the 
listed maximum keff value is conservative.  

Assemblies in this class contain both MOX and U0 2 pins. The composition of the MOX fuel pins 
is given in Table 6.3.4. The maximum allowable planar-average enrichment for the MOX pins is 
given in the Certificate of Compliance.
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Table 6.1.7 (continued)

BOUNDING MAXIMUM kefr VALUES FOR EACH ASSEMBLY CLASS IN THE MPC-68 
AND MPC-68FF 

Fuel Maximum Allowable 
Assembly Planar-Average Maximumt keff 

Class Enrichment (wt% 2 3SU) 

HI-STORM HI-TRAC HI-STAR 

9x9A 4.2 0.3365 0.9434 0.9417 

9x9B 4.2 --- 0.94i7 0.9436 

9x9C 4.2 --- 0.9377 0.9395 

9x9D 4.2 --- 0.9387 0.9394 

9x9E 4.0 0.9402 0.9401 

9x9F 4.0 --- 0.9402 0.9401 

9x9G 4.2 --- 0.9307 0.9309 

l0xl0A 4.2 0.3379 0.9448ý' 0.9457* 

l0x10B 4.2 --- 0.9443 0.9436 

1Oxi0C 4.2 --- 0.9430 0.9433 

lOxIOD 4.0 --- 0.9383 0.9376 

10xl0E 4.0 --- 0.9157 0.9185 

Note: The HI-STORM results are for internally dry (no moderator) HI-STORM storage casks with full 
water reflection on all sides, the HI-TRAC results are for internally fully flooded HI-TRAC 
transfer casks (which are part of the HI-STORM 100 System) with full water reflection on all 
sides, and the HI-STAR results are for unreflected, internally fully flooded HI-STAR casks.

t The term "maximum kfr " as used here, and elsewhere in this document, means the highest 
possible k-effective, including bias, uncertainties, and calculational statistics, evaluated for the 
worst case combination of manufacturing tolerances.

KENO5a verification calculation resulted in a maximum keff of 0.9451.  

KENO5a verification calculation resulted in a maximum keff of 0.9453.
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Table 6.1.8

BOUNDING MAXIMUM keff VALUES FOR EACH ASSEMBLY CLASS IN THE MPC-68F 

Fuel Maximum Allowable 
Assembly Planar-Average Maximumt kerr 

Class Enrichment (wt% 235U) 

_HI-ST`ORM HI-TRAC HI-STAR 
6x6A 2 7tt --- 0.7886 037888 

6x6Bttf 2.7 --- 0.7833 0.7824 
6x6C 2.7- 0.2759 0.8024 0.8021 
7x7A 2.7 --- 0.7963 0.7974 
8x8A 2.7 --- 0.7690 0.7697 

Notes: 

1. The HI-STORM results are for internally dry (no moderator) HI-STORM storage casks with full water reflection on all sides, the HI-TRAC results 'are for internally fully flooded HI-TRAC transfer casks (which are part of the HI-STORM 100 System) with full water reflection on all sides, and the HI
STAR results are for unreflected, internally fully flooded HI-STAR casks.  

2. These calculations were performed for a 'oB loading of 0.0067 g/cm 2, which is 75% of a minimum 10B loading of 0.0089 g/cm 2. The minimum 1oB loading in the MPC-68F is 0.010 g/cm 2. Therefore, the 
listed maximum k~ff values are conservative.

t

it 

*1*1

The term "maximum kff " as used here, and elsewhere in this document, means the highest 
possible k-effective, including bias, uncertainties, and calculational statistics, evaluated for the 
worst case combination of manufacturing tolerances.  

These calculations -were performed for 3.0% planar-average enrichment, however, the actual fuel 
and Certificate of Compliance are limited to a maximum planar-average enrichment of 2.7%.  
Therefore, the listed maximum eff values are conservative.  

Assemblies in this class contain both MOX and U0 2 pins. The composition of the MOX fuel pins 
is given in Table 6.3.4. The maximum allowable planar-average enrichment-for the MOX pins is 
specified in the Certificate of Compliance.
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Table 6.1.9 

BOUNDING MAXIMUM kff VALUES FOR THE MPC-24E AND MPC-24EF 
WITH UP TO 4 DFCs 

Fuel Assembly Maximum Allowable Minimum Maximum keff 
Class Enrichment Soluble Boron 

(wt% 235u) Concentration 

Intact Damaged (ppm) HI-TRAC HI-STAR 
Fuel- Fuel and 

Fuel Debris 

All PWR Classes 4.0 4.0 0 0.9486 0.9480 

All PWR Classes 5.0 5.0 600 0.9177 0.9185 

Table 6.1.10 

BOUNDING MAXIMUM keff VALUES FOR THE MPC-68, MPC-68F AND MPC-68FF 
WITH UP TO 68 DFCs 

Fuel Assembly Maximum Allowable Maximum kefr 
Class Planar-Average Enrichment 

(wt% 235u) 

Intact Fuel Damaged HI-TRAC HI-STAR 
Fuel and 

Fuel Debris 

6x6A, 6x6B, 6x6C, 2.7 2.7 0.8024 0.8021 
7x7A, 8x8A 

Table 6.1.11 

BOUNDING MAXIMUM ker VALUES FOR THE MPC-68 AND MPC-68FF 
WITH UP TO 16 DFCs 

Fuel Assembly Maximum Allowable Maximum keff 
Class Planar-Average Enrichment 

(wt% 235u) 

Intact Fuel Damaged HI-TRAC HI-STAR 
Fuel and 

Fuel Debris 

All BWR Classes 3.7 4.0 0.9328 0.9328
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Table 6.1.12

BOUNDING M4XIMUM keff VALUES FOR THE MPC'-32 AND MPC-32F 
WITH UP TO 8 DFCs 

Fuel Assembly Maximum Minimum Soluble Maximum keff 
Class of Intact Allowable Boron Content 

Fuel Enrichmnent for (ppmn) 
Intact Fuel and 

Damaged 
Fuel/Fuel Debris 

(wt% 235 U) 

HI-TRA C HI-STAR 

14x14A, B, C, D, 4.1 1500 0.9336 
E 

5.0 2300 --- 0.9269 

15x15A, B, C, G 4.1 1900 0.9328 0.9341 

5.0 2700 --- 0.9357 

15x15D, E, F, H 4.1 2100 --- 0.9326 

5.0 2900 0.9380 0.9378 

16x16A 4.1 1500 --- 0.9335 

5.0 2300 --- 09289 

17x17A, B, C 4.1 2100 --- 09283 

5.0 2900 0.9336
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SPENT FUEL LOADING

Specifications for the BWR and PWR fuel assemblies that were analyzed are given in Tables 
6.2.1 -and 6.2.2, respectively. For the BWR fuel characteristics, the number and dimensions for 
the water rods are the actual number and dimensions. For the PWIR fuel characteristics, the actual 
number and dimensions of the control rod guide tubes and thimbles are used. Table 6.2.1 lists 72 
unique BWR assemblies while Table 6.2.2 lists 46 unique PWR assemblies, all of which were 
explicitly analyzed for this evaluation. Examination of Tables 6.2.1 and 6.2.2 reveals that there 
are a large number of minor variations in fuel assembly dimensions.  

Due to the large number of minor variations in the fuel assembly dimensions, the use of explicit 
dimensions in the Certificate of.Compliance could limit the applicability of the HI-STORM 100 
System. To resolve this limitation, bounding criticality analyses are presented in this section for a 
number of defined fuel assembly classes for both fuel types (PWR and BWR). The results of the 
bounding criticality analyses justify using bounding fuel dimensions, as defined in the Certificate 
of Compliance.  

6.2.1 Definition of Assembly Classes 

For each array size (e.g., 6x6, 7x7, 15x15, etc.), the fuel assemblies have beefi subdivided into' a 
,number of defined classes, where a class is defined in terms of (1) the number of fuel rods; (2) 
pitch; (3) number and locations of guide tubes (PWR) or water rods (BWR); and (4) cladding 
material. The assembly classes for BWR and PWR fuel are defined in Tables 6.2.1 and 6.2.2, 
respectively. It should be noted that these assembly classes are unique to this evaluation and are 
not known to be consistent with any class designations in the open literature.  

For each assembly class, calculations have been performed for all of the dimensional variations 
for which data is available (i.e., all data in Tables 6.2.1 and 6.2.2). These calculations 
demonstrate that the maximum reactivity corresponds to: 

"• maximum active fuel length, 
"* maximum fuel pellet diameter, 
"* minimum cladding'outside diameter (0D), 
"* maximum cladding inside diameter (ID), 
"• minimum guide tube/water rod thickness, and 
"* maximum channel thickness (for BWR assemblies only).  

Therefore, fo" each assembly class, a bounding aýsembly' was defin'ed based on the above 
characteristics and a calculation for the bounding assembly was performied to d6rhonstrate 
compliance with the regulatory requirement of keff < 0.95. In some assembly classes this 
bounding assembly corresponds directly to one of the actual (real) assemblies; while in most 
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assembly classes, the bounding assembly is artificial (i.e., based on bounding dimensions from 
more than one of the actual assemblies). In classes where the bounding assembly is artificial, the 
reactivity of the actual (real) assemblies is typically much less than that of the bounding 
assembly- thereby providing additional conservatism. As a result of these analyses, the 
Certificate of Compliance will define acceptability in terms of the bounding assembly parameters 
for each class.  

To demonstrate that the aforementioned characteristics are bounding, a parametric study was 
performed for a reference BWR assembly, designated herein as 8x8C04 (identified generally as a 
GE8x8R). Additionally, parametric studies were performed for a PWR assembly (the 15xl5F 
assembly class) in the MPC-24 and MPC-32 with soluble boron in the water flooding the MPC.  
The results of these studies are shown in Table 6.2.3 through 6.2.5, and verify the positive 
reactivity effect associated with (1) increasing the pellet diameter, (2) maximizing the cladding 
ID (while maintaining a constant cladding OD), (3) minimizing the cladding OD (while 
maintaining a constant cladding ID), (4) decreasing the water rod/guide tube thickness, (5) 
artificially replacing the Zircaloy water rod tubes/guide tubes with water, and-(6) maximizing the 
channel thickness (for BWR Assemblies), and (7) increasing the active length. These results, and 
the many that follow, justify the approach for using bounding dimensions in the Certificate of 
Compliance. Where margins permit, the Zircaloy water rod tubes (BWR assemblies) are 
artificially replaced by water in the bounding cases to remove the requirement for water rod 
thickness from the Certificate of Compliance. As these studies were performed with and without 
soiuble boron, they also demonstrate that the bounding dimensions are valid independent of the 
soluble boron concentration.  

As mentioned, the bounding approach used in these analyses often results in a maximum k~f 
value for a given class of assemblies that is much greater than the reactivity of any of the actual 
(real) assemblies within the class, and yet, is still below the 0.95 regulatory limit.  

6.2.2 Intact PWR Fuel Assemblies 

6.2.2.1 Intact PWR Fuel Assemblies in the MPC-24 without Soluble Boron 

For PWR fuel assemblies (specifications listed in Table 6.2.2) the 15xl5F01 fuel assembly at 
4.1% enrichment has the highest reactivity (maximum lff of 0.9395). The 17xl7A01 assembly 
(otherwise known as a Westinghouse 17x17 OFA) has a similar reactivity (see Table 6.2.20) and 
was used throughout this criticality evaluation as a reference PWR assembly. The l7x17A01 
assembly is a representative PWR fuel assembly in terms of design and reactivity and is useful 
for the reactivity studies presented in Sections 6.3 and 6.4. Calculations for the various PWR fuel 
assemblies in the MPC-24 are summarized in Tables 6.2.6 through 6.2.22 for the fully flooded 
condition without soluble boron in the water.  
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Tables 6.2.6 through 6.2.22 show the maximum keff values -for the assembly classes that'are 
acceptable for storage in the MPC-24. All maximum keff values include the bias, uncertainties, 
and calculational statistics, evaluated for the worst combination of manufacturing tolerances. All 
calculations for the MPC-24 were performed for a 10B loading of 0.020 g/cm 2, which' is 75% of 
the minimum loading, 0.0267 g/cm 2, specified on BM-'1478, Bill of Materials for 24-Assembly 
HI-STAR 100 PWR MPC, in Section'135. The maximum allowable enrichment in the MPC-24 
varies from 3.8 to 5.0 wt% 235U, depending on the assembly class, and is defined in Tables 6.2.6 
through 6.2.22. It should be noted that the maximum allowable enrichment'does'not vary within 
an assembly class. Table 6.1.1 summarizes the maximum allowable enrichments for each of the 
assembly classes that are acceptable for storage in the MPC-24.  

Tables 6.2.6 through 6.2.22 are formatted with the assembly class information in the top row, the 
unique assembly designations, dimensions; and ker values in the following rows above the b old 
double lines, and the bounding dimensions selected for the Certificate of Compliance and 
corresponding bounding keff values in the final rows. Where the bounding assembly corresponds 
directly to one of the actual assemblies, the fuel assembly designation is listed in the bottom row 
in parentheses (e.g., Table 6.2.6). Otherwise, the bounding assembly is 'given a unique 
designation. For an assembly class that contains only a single assembly (e.g., 14x14D, see Table 
6.2.9), the dimensions listed in the Certificate of Compliance are based on the assembly 
dimensions from that single assembly. All of the maximum keiT values corresponding to the 
selected' bounding dimensions are greater than or equal to' those for the actual assembly 
dimensions and are below the 0.95 regulatory limit.  

The results of the analyses for the MPC-24, which were performed for all assemblies in each 
class (see Tables 6.2.6 through 6.2.22), further confirm the validity of the bounding dimensions 
established in Section 6.2.1. Thus, for all following calculations, namely analyses of the MPC
24E, MPC-32, and MPC-24 with soluble boron present in the water,' only the bounding assembly 
in each class is analyzed.  

6.2.2.2 Intact PWR Fuel Assemblies in the MPC-24 with Soluble Boron 

Additionally, the HI-STAR 100 system is designed to allow credit for the soluble boron typically 
present in the water' of PWR spent fuel pools. For a minimum" soluble boron concentration of 
400ppm, the maximum allowable fuel enrichment is 5.0 wt% -23SU for all assembly classes 
identified in Tables 6.2.6 through 6.2.22. Table 6.1.2 shows the maximum ker for the bounding 
assembly in each assembly class. All maximum keff values are below the 0.95 regulatory limit.  
The l5x15H assembly class has the highesi'reactivity (maximum kff of 0.9366). The calculated 
keff and calculational uncertainty for each class is listed in Appendix 6.C.  
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6.2.2.3 Intact PWR Assemblies in the MPC-24E and MPC-24EF with and without 
Soluble Boron 

The MPC-24E and MPC-24E1 are variations of the MPC-24, which provide for storage of higher 
enriched fuel thanr the MPC-24 through optimization of the storage cell layout. The MPC-24E 
and MPC-24EF also allow for the loading of up to 4 PWR Damaged Fuel Containers (DFC) with 
damaged PWR fuel (MPC-24E and MPC-24EF) and PWR fuel debris (MPC-24EF only). The 
requirements for damaged fuel and fuel debris in the MPC-24E and MPC-24EF are discussed in 
Section 6.2.4.3.  

Without credit for soluble boron, the maximum allowable fuel enrichment varies between 4.2 
and 5.0 wt% 235U, depending on the assembly classes as identified in Tables 6.2.6 through 
6.2.22. The maximum allowable enrichment for each assembly class is listed in Table 6.1.3, 
together with the maximum kef for the bounding assembly in the assembly class. All maximum 
keff values are below the 0.95 regulatory limitThe 15xl 5F assembly class at 4.5% enrichment has 
the highest reactivity (maximum ker of 0.9468). The calculated kefr and calculational uncertainty 
for each class is listed in Appendix 6.C.  

For a minimum soluble boron concentration of 300ppm, the maximum allowable fuel enrichment 
is 5.0 wt% 235U for all assembly classes identified in Tables 6.2.6 through 6.2.22. Table 6.1.4 
shows the maximum keff for the bounding assembly in each assembly class. All maximum kerr 
values are below the 0.95 regulatory limit. The l5xl5H assembly class has the highest reactivity 
(maximum kff of 0.9399). The calculated keff and calculational uncertainty for each class is listed 
in Appendix 6.C.  

6.2.2.4 Intact PWR Assemblies in the MPC-32 and MPC-32F 

When loading any PWR fuel assembly in the MPC-32 or MPC-32F, a minimum soluble boron I 
concentration is required.  

For a minimum. soluble boron concentration of l900ppm, the maximum allowable fuel 
enrichment isof 4.1 wt% 235U for all assembly classes identified in Tables 6.2.6 through 6.2.22, a 
minimum soluble boron concentration between 1300ppm and 1900ppm is required, depending 
on the assembly 'class. Table 6.1.5 shows the maximum keff for the bounding assembly in each 
assembly class. All maximum kcf values are below the 0.95 regulatory limit. The 4-5-x-4-146x16A 
assembly class has the' highest reactivity (maximum kcff of 0.944429). The calculated kcf and 
calculational uncertainty for each class is listed in Appendix 6.C.  

For a minimum soluble b.ro.n .on.entr.ation of .2600ppm, the maximum allowable fuel 
enrichment isof 5.0 wt% 235U for all assembly classes identified in Tables 6.2.6 through 6.2.22, a 
minimum soluble boron concentration between 1900ppm and 2600ppm is required, depending 
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on the assembly class. Table 6.1.6 shows the maximum k.ff for the bounding assembly in each 
assembly class. All maximum klr values are below the 0.95 regulatory limit. The 15x15F 
assembly class has the highest reactivity (maximum keff of 0.9483). The calculated k~ff and 
calculational uncertainty for each class is listed in Appendix 6.C.  

6.2.3 Intact BWR Fuel Assemblies in the MPC-68 and MPC-68FF 

For BWR fuel assemblies (specifications listed in Table 6.2.1) the artificial bounding assembly 
for the 10xl0A assembly class at 4.2% enrichment has the highest reactivity (maximiummk~f of 
0.9457). Calculations for-the various BWR fuel assemblies in the MPC-68 and MPC-68FF are 
summarized in Tables 6.2.23 through 6.2.40 for the fully flooded condition. In'all cases, the 
gadolinia (Gd 20 3) normally incorporated in BWR fuel was conservatively neglected.  

For calculations involving BWR assemblies, the use of a uniform (planar-average) 'enrichment, 
as opposed to the distributed enrichments normally used in BWR fuel, produces- conservative 
results. Calculations confirming this statement are presented in Appendix 6.B for several 
representative BWR fuel assembly designs. These calculations justify the specification of planar
average enrichments to define acceptability of BWR fuel for loading into the MPC-68.  

Tables 6.2.23 through 6.2.40 show the maximum keff values' for assembly classes that are 
acceptable for storage in the MPC-68 and MPC-68FF. All maximum keff values include the bias, 
uncertainties, and calculational statistics, evaluated for the Worst-combination of manufacturing 
tolerances. With the exception of assembly class es 6x6A, 6x6B, 6x6C, 7x7A, and 8x8A, which 
will be discussed in Section 6.2.4, all calculations for the MPC-68 and MPC-68FF were 
performed with a 1013 loading of 0.0279 g/cm 2, which is 75% of the minimum loading, 0.0372 
g/cm2, specified on BM-1479, Bill of Materials-for 68-Assembly HI-STAR 100 BWR MPC, in 
Section 1.5. Calculations for assembly classes 6x6A, 6x6B, 6x6C, 7x7A, and 8x8A were 
conservatively performed with a 10B loading of 0.0067 g/cm 2. The maximum allowable 
enrichment in the MPC-68 and MPC-68FF varies from 2.7 to 4.2 wt% 235U, depending on the 
assembly class. It should be noted that the'maximum allowable enrichment does not vary within 
an assembly class.'Table 6.1.7 summarizes the maximum allowable enrichments for all assembly 
classes that are acceptable for storage in the MPC-68 and MPC-68FF.  

Tables 6.2.23 through 6.2.40 are formatted with the assembly class information in the top `iow, 
the unique assembly designations, dimensions, and klf.'values in 'the following rows 'above the 
bold double lines; and the bounding dimensions selected for the Certificate of Compliance and 
,corresponding bounding kff values in the final rows. Where an assembly class contains only a 
single assembly (e.g., 8x8E, see Table 6.2.27), the dimensions listed in the Certificate' of 
Compliance are based on the assembly dimensions from that single assembly. For assembly 
classes that are suspected to contain assemblies with thicker channels (e.g., 120 mils), bounding 
calculations are also performed to qualify the thicker channels (e.g. 7x7B, see Table 6.2.23). All 
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of the maximum keff values corresponding to the selected bounding dimensions are shown to be 
greater than or equal to those for the actual assembly dimensions and are below- the 0.95 
regulatory limit.  

For assembly classes that contain partial length rods (i.e., 9x9A, l0xl0A, and lOxIOB), 
calculations were performed for the actual (real) assembly configuration and for the axial 
segments (assumed to be full length) with and without the partial length rods. In all cases, the 
axial segment with only the full length rods present (where the partial length rods are absent) is 
bounding. Therefore, the bounding maximum keff values reported for assembly classes that 
contain partial length rods bound the reactivity regardless of the active fuel length of the partial 
length rods. As a result, the Certificate of Compliance has no minimum requirement for the 
active fuel length of the partial length rods.  

For BWR fuel assembly classes where margins permit, the Zircaloy water rod tubes are 
artificially replaced by water in the bounding cases to remove the requirement for water rod 
thickness from the Certificate of Compliance. For these cases, the bounding water rod thickness 
is listed as zero.  

As mentioned, the highest observed maximum kff value is 0.9457, corresponding to the artificial 
bounding assembly in the l0xl0A assembly class. This assembly has the following bounding 
characteristics: (1) the partial length rods are assumed to be zero length (most reactive 
configuration); (2) the channel is assumed to be 120 mils thick; and (3) the active fuel length of 
the full length rods is 155 inches. Therefore, the maximum reactivity value is bounding 
compared to any of the real BWR assemblies listed.  

6.2.4 BWR and PWR Damaaed Fuel Assemblies and Fuel Debris 

In addition to storing intact PWR and BWR fuel assemblies, the HI-STORM 100 System is 
designed to store BWR and PWR damaged fuel assemblies and fuel debris. Damaged fuel 
assemblies and fuel debris are defined in Section 2.1.3 and Appendix B to the Certificate of 
Compliance. Both damaged fuel assemblies and fuel debris are required to be loaded into 
Damaged Fuel Containers (DFCs) prior to being loaded into the MPC. FeofFive different DFC 
types with different cross sections are considered; three types for BWR fuel and eioetwo for PWR 
fuel. DFCs containing fuel debris must be stored in the MPC-68F, MPC-68FF, eo-MPC-24EF or 
MPC-32F. DFCs containing BWR damaged fuel assemblies may be stored in the MPC-68, 
MPC-68F or MPC-68FF. DFCs containing PWR damaged fuel may be stored in the MPC-24E, 

-, NMPC-24EF, MPC-32 or MPC-32F. The criticality evaluation of various possible damaged 
conditions of the fuel is presented in Subsection 6.4.4.  
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6.2.4.1 Damaged BWR Fuel Assemblies and BWR Fuel Debris in Assembly Classes 6x6A, 
6x6B, 6x6C, 7x7A and 8x8A 

Tables 6.2.41 through 6.2.45 show the maximum kff values for the five assembly classes 6x6A, 
6x6B, 6x6C, 7x7A and 8x8A. All maximum krff values include the bias, uncertainties, and 
calculational statistics, evaluated for the worst combination of manufacturing tolerances. All 
calculations were performed for a 10B loading of 0.0067 g/cm 2, which is 75% of a minimum 
loading, 0.0089 g/cm 2. However, because the practical manufacturing lower limit -for minimum 
1°B loading is 0.01 g/cm2, the minimum 1°B loading of 0.01 g/cm2 is specified on BM-1479, Bill of Materials for 68-Assembly HI-STAR 100 BWR MPC, in Section 1.5, for the MPC-68F. As an 
additional .level of conservatism in the analys~es, the calculations were "'performed for an 
enrichment of 3.0 wt% 235U, while the maximum allowable enrichment for these .assembly 
classes is limited to 2.7 wt% 235U in the Certificate of Compliance. Therefore, the maximum kff 
values for damaged BWR fuel assemblies and fuel debris &ire conservative- Calculations for the 
various BWR fuel assemblies in the MPC-68F are summarized in Tables 6.2.41 through 6.2.45 
for the fully flooded condition.  

For the assemblies that may be stored as damaged fuel or fuel debris the 6x6C01 assembly at 3.0 
wt% 235U enrichment has the highest reactivity (maximum ken of 0.8021). Considering all of the 
conservatism built into this analysis (e.g., higher than allowed e'nrichment and lower than actual 
10B loading), the actual reactivity will be lower.  

Because the analysis for the damaged BWR fuel assemblies and fuel debris was performed for a !°B loading of 0.0089 g/cm 2, which conservatively bounds the analysis of damaged BWR fuel 
assemblies in an MPC-68 or MPC-68FF with a minimum 10B loading of 0.0372 g/cm2, damaged 
BWR fuel assemblies may also be stored in the MPC-68 or MPC-68FF. However, fuel debris is 
limited to the MPC-68F and MPC-68FF by Appendix B to the Certificate of Compliance.  

Tables 6.2.41 through 6.2.45 are formatted with the assembly class information in the top row, 
the unique assembly designations, dimensions, and keff values in the following rows above the 
bold double lines, and the bounding dimensions selected for the Certificate of Compliance and 
corresponding bounding keff values in the final rows. Where an assembly class contains only a 
single assembly (e.g., 6x6C, see Table 6.2.43), the dimensions listed in the Certificate of 
Compliance are based on the assembly dimensions from that single assembly. All of the 
maximum kff values corresponding to the selected bounding dimensions are greater than or 
equal to those for the actual assembly dimensions and are well below the 0.95 regulatory limit.  

6.2.4.2 Damaged BWR Fuel Assemblies and Fuel Debris in the'MPC-68 and MPC-68FF 

Damaged BWR fuel assemblies and fuel debris from all BWR classes may be loaded into the 
MPC-68 and MPC-68FF by restricting the locations of the DFCs to 16 specific cells on the 
periphery of the fuel basket. The MPC-68 may be loaded with up to 16 DFCs containing 
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damaged fuel assemblies. The MPC-68FF may also be loaded with up to 16 DFCs, with up to 8 
DFCs containing fuel debris.  

For all assembly classes, the enrichment of the damaged fuel or fuel debris is limited to a 
maximum of 4.0 wt% 235U, while the enrichment of the intact assemblies stored together with the 
damaged fuel is limited to a maximum of 3.7 wt%, 235U. The maximum keff is 0.9328. The 
criticality evaluation of the damaged fuel assemblies and fuel debris in the MPC-68 and MPC
68FF is presented in Section 6.4.4.2.  

6.2.4.3 Damaged PWR Fuel Assemblies and Fuel Debris in the ••P• 21E and .1P2C 2,EF 

In addition to storing intact PWR fuel assemblies, the HI-STORM 100 System is designed to 
store damaged PWR fuel assemblies (MPC-24E, and-MPC-24EF, MPC-32 and MPC-32F) and 
fuel debris (MPC-24EF and MPC-32F only). Damaged fuel assemblies and fuel debris are 
defined in Section 2.1.3 and Appendix B of the Certificate of Compliance. Damaged PWR fuel 
assemblies and fuel debris are required to be loaded into PWR Damaged Fuel Containers (DFCs) 
prior- to being Iladed kint the NIMG.  

6.2.4.3.1 Damaged PWR Fuel Assemblies and Fuel Debris in the MPC-24E and MPC-24EF 

Up to four DFCs may be stored in the MPC-24E or MPC-24EF. When loaded with damaged fuel 
and/or fuel debris, the maximum enrichment for intact and damaged fuel is 4.0 wt% 235U for all 
assembly classes listed in Table 6.2.6 through 6.2.22 without credit for soluble boron. The 
maximum klff for these classes is 0.9486. For a minimum soluble boron concentration of 
600ppm, the maximum enrichment for intact and damaged fuel is 5.0 wt% 23 5U for all assembly 
classes listed in Table 6.2.6 through 6.2.22. The criticality evaluation of the damaged fuel is 
presented in Subsection 6.4.4.2.  

6.2.4.3.2 Damaged PWR Fuel Assemblies and Fuel Debris in the MPC-32 and MPC-32F 

Up to eight DFCs may be stored in the MPC-32 or MPC-32F. For a maximum allowable fuel 
enrichment of 4.1 wt% 23-Ufor intact fuel, damaged fuel and fuel debris for all assembly classes 
identified in Tables 6.2.6 through 6.2.22, a minimum soluble boron concentration between 
1500ppm and 2100ppm is required, depending on the assembly class of the intact assembly. For 
a maximum allowable fuel enrichment of 5.0 wt% 23SUfor intact fuel, damaged fuel and fuel 
debris, a minimum soluble boron concentration between 2300ppm and 2900ppm is required, 
depending on the assembly class of the intact assembly. Table 6.1.12 shows the maximum keff by 
assembly class. All maximum keff values are below the 0.95 regulatory limit.  
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6.2.5 Thoria Rod Canister

Additionally, the HI-STORM 100 System is designed to store a Thoria Rod Canister in the MPC
68, MPC-68F or MPC-68FF. The canister is similar to a DFC and contains 18 intact Thoria Rods 
placed in a separator assembly. The reactivity of the 'canister in the MPC is very low compared to 
the approved fuel assemblies (The 235U content of these rods correspond to U0 2 rods with an 
initial enrichment of approximately 1.7 wt% 235U), It is therefore permissible to the Tho-ria Rod 
Canister together with any approved content in a MPC-68 or MPC-68F. Specifications of the 
canister and the Thoria Rods that are used in the cr-iticality evaluation are given in Table 6.2.46.  
The criticality evaluation are presented in Subsection 6.4.6.
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Table 6.2.1 (page 1 of 7) 
BWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS 

(all dimensions are in inches)

Fuel 
Assembly Clad Number of Cladding Cladding Pellet Active Fuel Number of Water Rod Water Rod Channel Channel ID 

Designation Material Pitch Fuel Rods OD Thickness Diameter Length Water Rods OD ID Thickness 

6x6A Assembly Class

6x6A01 Zr 0.694 36 0.5645 0.0350 0.4940 110.0 0 n/a n/a 0.060 4.290 

6x6A02 Zr 0.694 36 0.5645 0.0360 0.4820 110.0 0 n/a n/a 0.060 4.290 

6x6A03 Zr 0.694 36 0.5645 0.0350 0.4820 110.0 0 n/a n/a 0.060 4.290 

6x6A0'4 Zr 0.694 36 0.5550 0.0350 0.4820 110.0 0 n/a n/a 0.060 4.290 

6x6A05 Zr 0.696 36 0.5625 0.0350 0.4820 110.0 0 n/a n/a 0.060 4.290 

6x6A06 Zr 0.696 35 0.5625 0.0350 0.4820 110.0 1 0.0 0.0 0.060 4.290 

6x6A07 Zr 0.700 36 0.5555 0.03525 0.4780 110.0 0 n/a n/a 0.060 4.290 

6x6A08 Zr 0.710 36 0.5625 0.0260 0.4980 110.0 0 n/a n/a 0.060 4.290 

6x6B (MOX) Assembly Class 

6x6B01 Zr 0.694 36 0.5645 0.0350 0.4820 110.0 0 n/a n/a 0.060 4.290 

6x6B02 Zr 0.694 36 0.5625 0.0350 0.4820 110.0 0 n/a n/a 0.060 4.290 

6x6B03 Zr 0.696 36 0.5625 0.0350 0.4820 110.0 0 n/a n/a 0.060 4.290 

6x6B04 Zr 0.696 35 0.5625 0.0350 0.4820 110.0 1 0.0 0.0 0.060 4.290 

6x6B05 Zr 0.710 35 0.5625 0.0350 0.4820 110.0 1 0.0 0.0 0.060 4.290 

6x6C Assembly Class 

6x6C I Zr 10.7401 36 0.5630 10.0320 0.4880 77.5 0 n/a n/a 0.060 4.542 

7x7A Assembly Class 

7x7A1 Zr 10.631 49 0.4860 0.0328 0.4110 80 0 n/a n/a 0.060 4.542
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Table 6.2.1 (page 2 of 7) 

BWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS

0.3580 110 0 n/a - n/a 0.100 4.290 
0.3580 120 0 n/a n/a 0.100 4.290

Proposed Rev. 2A
RI-ETORT H2SAR 
REPORT HI-2002444

Fuel 
Assembly Clad Number of Cladding Cladding Pellet Active Fuel Number of Water Rod Water Rod Channel Channel Designation Material Pitch Fuel Rods OD Thickness Diameter Length Water Rods OD ID Thickness ID 

7x7B Assembly Class 

7x7BO1 Zr 0.738 49 0.5630 0.0320 0.4870 150 0 n/a n/a 0.080 5.278 
7x7B02 Zr 0.738 49 0.5630 0.0370 0.4770 150 0 n/a n/a 0.102 5.291 
7x7B03 Zr 0.738' 49 0.5630 0.0370 0.4770 150 0 n/a n/a 0.080 5.278 
7x7B04 Zr 0.738 49 0.5700 0.0355 0.4880 150 0 n/a n/a 0.080 5.278 
7x7B05 Zr 0.738 49 0.5630 0.0340 0.4775 150 0 n/a n/a 0.080 5.278 
7x7B06 Zr 0.738 49 0.5700 0.0355 0.4910 150 0 n/a n/a 0.080 5.278 
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Table 6.2.1 (page 3 of 7) 
BWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS 

(all dimensions are in inches)

8x8B01 Zr 0.641 63 0.4840 0.0350 0.4050 150 1 0.484 0.414 0.100 5.278 

8x8B02 Zr 0.636 63 0.4840 0.0350 0.4050 150 1 0.484 0.414 0.100 5.278 

8x8BO3 Zr 0 640 63 0.4930 0.0340 0.4160 150 1 0.493 0.425 0.100 5.278 

8x8B04 Zr 0.642 64 0.5015 0.0360 0.4195 150 0 n/a In/a 0.100 5.278 

8x8C Assembly Class 

8x8C01 Zr 0.641 62 0.4840 0.0350 0.4050 150 2 0.484 0.414 0.100 5.278 

8x8C02 Zr 0.640 62 0.4830 0.0320 0.4100 150 2 0.591 0.531 0.000 no channel 

8x8C03 Zr 0.640 62 0.4830 0.0320 0.4100 150 2 0.591 0.531 0.080 5.278 

8x8C04 Zr 0.640 62 0.4830 0.0320 0.4100 150 2 0.591 0.531 0.100 5.278 

8x8C05 Zr 0.640 62 0.4830 0.0320 0.4100 150 2 0.591 0.531 0.120 5.278 

8x8C06 Zr 0.640 62 0.4830 0.0320 0.4110 150 2 0.591 0.531 0.100 5.278 

8x8C07 Zr 0.640 62 0.4830 0.0340 0.4100 150 2 0.591 0.531 0.100 5.278 

8x8C08 Zr 0.640 62 0.4830 0.0320 0.4100 150 2 0.493 0.425 0.100 5.278 

8x8C09 Zr 0.640 62 0.4930 0.0340 0.4160 150 2 0.493 0.425 0.100 5.278 

8x8C10 Zr 0.640 62 0.4830 0.0340 0.4100 150 2 0.591 0.531 0.120 5.278 

8x8C11 Zr 0.640 62 0.4830 0.0340 0.4100 150 2 0.591 0.531 0.120 5.215 

8x8C12 Zr 0636 62 0.4830 0.0320 0.4110 150 2 0.591 0.531 0.120 5.215
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Designation Material Pitch Fuel Rods OD Thickness Diameter Length Water Rods OD ID Thickness

8x8B Assembly Class



C C 
Table 6.2.1 (page 4 of 7) 

BWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS
"- (all dimensions'are in iriches) 

Fuel 
Assembly Clad Number of Cladding Cladding' Pellet Active Fuel Number of Water Rod Water Rod Channel Channel ID 

Designation Material Pitch Fuel Rods OD Thickness Diameter Length Water Rods OD ID Thickness 

_ 8x8D Assembly Class 
8x8D01 Zr 0.640 60 0.4830 0.0320 0.4110 150 2 large/ 0.591/ 0.531/ 0.100 5.278 

2 small 0.483 0.433 
8x8D02 Zr 0.640 60 0.4830 0.0320 0.4110 150 4 0.591 0.531 0.100 5.278 
8x8D03 Zr 0.640 60 0.4830 0.0320 0.4110 150 4 0.483 0.433 0.100 5.278 
8x8D04 Zr 0.640 60 0.4830 0.0320 0.4110 150 1 1.34 1.26 0.100 5.278 
8x8D05 Zr 0.640 60 0.4830 0.0320 0.4100 150 1 1.34 1.26 0.100 5,278 
8x8D06 Zr 0.640 60 0.4830 0.0320 0.4110 150 1 1.34 1.26 0.120 5.278 
8x8D07 Zr- 0.640 60 0.4830 0.0320 0.4110 150 1 1.34 1.26 0.080 5.278 
8x8Dd8 Zr 0.640 61 0.4830 0.0300 0.4140 150 3 0.591 0.531 0.080 5.278 

8x8E Assembly Class 
8x8E01 Zr 0 640 59 0.4930 0.0340 0.4160 150 5 0.493 0.425 0.100 5.278 

8x8F Assembly Class 
8x8F01 Zr 0.609 64 0.4576 0.0290 0.3913 150 4t 0.291 t 0.228f 0.055 5.390 

- 9x9A Assembly Class 
9x9A01 Zr 0.566 74 0.4400 -0.0280' 0.3760 150 2 0.98 0.92 0.100 5.278 
9x9A02 Zr" 0.566 66 0.4400 0.0280 0.3760- 150 2 0.98 0.92 0.100" 5.218 
9x9A03 Zr 0.566 74/66 0.4400 0.0280 0.3760 150/90 2 0.98- 0.92 0.100 5.278 
9x9A04 Zr 0.566 66 0.4400 , ,0.0280 0.3760 150- 2 0.98 0.92 0.120 5.278

t Four rectangular water cross segments dividing the assembly into four quadrants

HI-ST1UIIM F ISAR 

REPORT HI-2002444
Proposed Rev. 2A

6.2-13

C

I I I



Table 6.2.1 (page 5 of 7) 
BWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS 

"(all dimensions are in inches) 

Fuel 
Assembly Clad Number of Cladding Cladding Pellet Active Fuel Number of Water Rod Water Rod Channel Channel ID 

Designation Material Pitch Fuel Rods OD Thickness Diameter Length Water Rods OD ID Thickness 

9x9B Assembly Class 
9x9B01 Zr 0.569 72 0.4330 0.0262 0.3737 150 1 1.516 1.459 0.100 5.278 

9x9B02 Zr 0.569 72 0.4330 0.0260 0.3737 150 1 1.516 1.459 0.100 5.278 

9x9B03 Zr 0.572 72 0.4330 0.0260 0.3737 150 1 1.516 1.459 0.100 5.278 

9x9C Assembly Class 
9x9C01 Zr 0.572 80 0.4230 0.0295 0.3565 150 1 0.512 0.472 - 0.100 5.278 

9x9D Assembly Class 

9x9D01 Zr 0.572 79 0.4240 1 0.0300 0.3565 150 2 0.424 0.364 0.100 5.278 

9x9E Assembly Classt 

9x9E0l Zr 0.572 76 0.4170 0.0265 0.3530 150 5 0.546 0.522 0.120 5.215 

9x9E02 Zr 0.572 48 0.4170 0.0265 0.3530 150 5 0.546 0.522 0.120 5.215 
28 0.4430 0.0285 0.3745

The 9x9E and 9x9F fuel assembly classes represent a single fuel type containing fuel rods with different dimensions (SPC 9x9-5). In addition to the 
actual configuration (9x9E02 and 9x9F02), the 9x9E class contains a hypothetical assembly with only small fuel rods (9x9E0 1), and the 9x9F class contains a 
hypothetical assembly with only large rods (9x9F0 1). This was done in order to simplify the specification of this assembly in the CoC.
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Table 6.2.1 (page 6 of 7) 

BWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS 
(all dimensions are in inches) 

Fuel 
Assembly Clad Number of Cladding Cladding Pellet Active Fuel Number of Water Rod Water Rod Channel Channel ID Designation Material Pitch Fuel Rods OD Thickness Diameter Length Water Rods OD ID Thickness 

9x9F Assembly Class* 
9x9F01 Zr 0.572 76 0.4430 0.0285 0.3745 150 5 0.546 0.522 0.120 5.215 
9x9F62 Zr 0.572 48 0.4170 0.0265 0.3530 150 5 0.546 0.522 0.120 5.215 

28 0.4430 0.0285 0.3745 

9x9G Assembly Class 
9x9G01 Zr 0.572 72 0.4240 0.0300 0.3565 150 1 1.668 1.604 0.120 5.278 

Ox 1IOA Assembly Class 
10xl0O01 Zr 0.510 92 0.4040 0.0260 0.3450 155 2 0.980 0.920 0.100 5.278 
1OxlOA02 Zr 0.510 78 0.4040 0.0260 0.3450 155 2 0.980 0.920 0.100 5.278 
1 Ox 1OA03 Zr 0.510 92/78 0.4040 0.0260 0.3450 155/90 2 0.980 0.920 0.100 5.278 

- " 10xl0B Assembly Class 
l10xl0B01 Zr 0.510 91 0.3957 0.0239 0.3413 155 1 1.378 1.321 0.100 5.278 
lOxlOBO2 Zr 0.510 83 0.3957 0.0239 0.3413 155 1 1.378 1.321 0.100 5.278 
l0xl0B03 Zr 0.510 91/83 0.3957 0.0239 0.3413 155/90 1 1.378 1.321 0.100 5.278

The 9x9E and 9x9F fuel assembly classes represent a single fuel type containing fuel rods with different dimensions (SPC 9x9-5). In addition to the actual 
configuration (9x9E02 and 9x9F02), the 9x9E class contains a hypothetical assembly with only small fuel rods (9x9E0 1), and the 9x9F class contains a hypothetic'al assembly with only large rods (9x9F0 1). This was done in order to simplify the specification of this assembly in the CoC.
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Table 6.2.1 (page 7 of 7) 
BWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS 

(all dimensions are in inches) 

Fuel 
Assembly Clad Number of Cladding Cladding Pellet Active Fuel Number of Water Rod Water Rod Channel Channel ID 

Designation Material Pitch Fuel Rods OD Thickness Diameter Length Water Rods OD ID Thickness 

I IlOx I OC Assembly Class 
1OxIOC01 Zr 0.488 96 0.3780 0.0243 0.3224 150 5 0.055 5.347 

1.227 1.165 

1Ox IOD Assembly Class 

SS 10.5651 100 0.3960 0.0200 0.3500 83 0 n/a n/a 0.08 5.663 
1Ox lOE Assembly Class 

I SS 10.5571 96 0.3940 0.0220 0.3430 83 4 0.3940 0.3500 0.08 5.663
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Table 6.2.2 (page I of 4) 

PWR FUEL CIIARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS
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Cladding Cladding Pellet Active Fu 
OD Thickness Diameter Length

14x14A Assembly Class

14x14A01 Zr 0.556 179 0.400 0.0243 0.3444 150 17 0.527 0.493 0.0170 

14x14A02 Zr 0.556 179 0.400 0.0243 0.3444 150 17 0.528 0.490 0.0190 

l4x14A03 Zr 0.556 179 0.400 0.0243 0.3444 150 17 0.526 0.492 0.0170 

14x14B Assembly Class 
14x14B01 Zr 0.556 179 0.422 0.0243 0.3659 150 17 0.539 0.505 0.0170 

14x14B02 Zr 0.556 179 0.417 0.0295 0.3505 150 17 0.541 0.507 0.0170 

14x14B03 Zr 0.556 179 0.424 0.0300 0.3565 150 17 0.541 0.507 0.0170 

14x14B04 Zr 0.556 179 0.426 0.0310 0.3565 150 17 0.541 0.507 0.0170 

14x14C Assembly Class 
14x14C01 Zr 0.580 176 0.440 0.0280 0.3765 150' 5 1.115 1.035 0.0400 

14x14C02 Zr 0.580 176 0.440 0.0280 0.3770 150 5 1.115 1.035 0.0400 

l4x14C03 Zr 0.580 176 0.440 0.0260 0.3805 150 5 1.111 1.035 0.0380 

SS14x14D Assembly Class 

4D SS I0.556I 180 •0.422 0.0165 0.3835 144 16 0.543 0.514 0.0145



Table 6.2.2 (page 2 of 4) 
PWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS 

(all dimensions are in inches)

t This is the fuel assembly used at Indian Point 1 (IP-I). This assembly is a 14x14 assembly with 23 fuel rods omitted to allow passage of control rods between 
assemblies. It has a different pitch in different sections of the assembly, and different fuel rod dimensions in some rods.
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Number of Guide Tube 
Fuel Assembly Clad Number of Cladding Cladding Pellet Active Fuel Guide Guide Tube Guide Tube Thickness 

Designation Material Pitch Fuel Rods OD Thickness Diameter Length Tubes OD ID 

14xl4E Assembly Class 

14xl4E0lt SS 0.453 162 0.3415 0.0120 0.313- 102 0 n/a n/a n/a 
and 3 0.3415 0.0285 0.280 

0.411 8 0.3415 0.0200 0.297 

14xl4E02t SS 0.453 173 0.3415 0.0120 0.313 102 0 n/a n/a n/a 
and 

0.411 

14xl4E03t SS 0.453 173 0.3415 0.0285 0.0280 102 0 n/a n/a n/a 
and 

0.411 

15x15A Assembly Class 

15xl5AOl Zr 0.550 204 0.418 0.0260 0.3580 150 21 0.533 0.500 0.0165



C
Table 6.2.2 (pdge 3 of 4) 

PWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS 
(all dimensions are in inches) 

Number of Guide Tube Fuel Assembly Clad Number of Cladding Cladding Pellet Active Fuel Guide Guide Tube Guide Tube Thickness 
Designation Material Pitch Fuel Rods OD, Thickness -Diameter Length Tubes OD ID 

S-- ~15xl 5B Assembly Class 
15x:i5B01 Zr 0.563 204 0.422 0.0245 0.3660 150 21 0.533 0.499 0.0170 
15x15B02 Zr 0.563 204 0.422 0.0245 0.3660 150 21 0.546 0.512 0.0170 
15x15B03 Zr 0.563 204 0.422 0.0243 0.3660 150 21 0.533 0.499 0.0170 
15,15B04 Zr 0.563 204 0.422 0.0243 0.3659 150 21 0.545 0.515 0.0150 
15,1d5B05 Zr 0.563 204 0.422 0.0242 0.3659 150 21 0.545 0.515 0.0150 
15xk5B06 Zr 0.563 204 0.420 - 0.0240 0.3671 150 21 0.544 0.514 0.0150 

15x15C Assembly Class - " 
15x15CO0 Zr 0.563 204 0.424 0.0300 0.3570 150 21 0.544 0.493 0.0255 
15xl5C02 Zr 0.563 204 0.424 0.0300 0.3570 150 21 0.544 0.511 0.0165 
15x15C03 Zr 0.563 204 0.424 0.0300 0.3565 150 21 0.544 0.511 0.0165 
l5xl5C04 Zr 0.563 204 0.417 0.0300 0.3565 150 21 0.544 0.511 0.0165 

- 15xl 5D Assembly Class 
15x'15D01 Zr 0.568 208 0.430 0.0265 0.3690 150 17 0.530 0.498 0.0160 
.15x5D02 Zr 0.568 208 0.430 0.0265 0.3686 150 17 0.530 0.498 0.0160 
15x15D03 Zr 0.568. 208 0.430 0.0265 - 0.3700 150 17 0.530 0.499 0.0155 
15x15D64 Zr 0.568 208 0.430 0.0250 0.3735 -150 17 0.530 0.500 0.0150 

15x l5E Assembly Class 
lxl5EOl Zr 0.568 208 0.428 0.0245 0.3707 150 17 0.528 0.500 00140 

15x15F Assembly Class 15x15F01 Zr I0.568 208 0.428 0,0230 0.3742 •,150 J 17 0.528 'l 0.500 0.0140
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Table 6.2.2 (page 4 of 4) 
PWR FUEL CHARACTERISTICS AND ASSEMBLY CLASS DEFINITIONS 

(all dimensions are in inches)

Number of Guide Tube 
Fuel Assembly Clad Number of Cladding Cladding Pellet Active Fuel Guide Guide Tube Guide Tube Thickness 

Designation Material Pitch Fuel Rods OD Thickness Diameter Length Tubes OD ID
I II I 

15xI5G Assembly Class 

15x15G01 SS 0.563 204 0.422 0.0165 10.3825 1 144 21 0.543 0.514 0.0145 

15x15H Assembly Class 
15xl5H01 Zr 0.568 208 0.414 0.0220 1 0.3622 150 17 0.528 0.500 0.0140 

16xl 6A Assembly Class 

16xI6A0l Zr 0.506 236 0.382 0.0250 0.3255 150 5 0.980 0.900 0.0400 
16x16A02 Zr 0.506 236 0.382 0.0250 0.3250 150 5 0.980 0.900 0.0400 

17x 1 7A Assembly Class 

!7Ex17A01 Z r 0496 264 0-360 0.0225 0.3088 444 2-5 0474 0.42 0060 
17xI7A021 Zr 0.496 264 0.360 0.0225 0.3088 150 25 0.474 0.442 0.0160 
17xl,7A0l32 Zr 0.496 264 0.360 0.0250 0.3030 150 25 0.480 0.448 0.0160 

17xl 7B Assembly Class 

17xI7B01 Zr 0.496 264 0.374 0.0225 0.3225 150 25 0.482 0.450 0.0160 

17xI7B02 Zr 0.496 264 0.374 0.0225 0.3225 150 25 0.474 0.442 0.0160 
17x17B03 Zr 0.496 264 0.376 0.0240 0.3215 150 25 0.480 0.448 0.0160 
l7xI7B04 Zr 0.496 264 0.372 0.0205 0.3232 - 150 25 0.427 0.399 0.0140 
17x17B05 Zr 0.496 264 0.374 0.0240 0.3195 150 25 0.482 0.450 0.0160 
17xI7B06 Zr 0.496 264 0.372 0.0205 0.3232 150 25 0.480 0.452 0.0140 

17x I7C Assembly Class 
17x17C05 Zr 0.502 264 0.379 0.0240 0.3232 150 25 0.472 0.432 0.0200 
17xI7C02 Zr 0.502 264 0.377 0.0220 0.3252 150 25 0.472 0.432 0.0200
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Table 6.2.3 

REACTIVITY EFFECT OF ASSEMBLY PARAMETER VARIATIONS for BWR Fuel in thc MPC-68
(all dimensions are in inches) 

Fuel Assembly/ Parameter reactivity calculated standard cladding cladding cladding pellet water rod channel 
SVariation effect ken" deviation OD ID thickness OD thickness thickness 

8x8C04 (GE8x8R) reference 0.9307 0.0007 0.483 0.419 0.032 0.410 0.030 0.100 
increase pellet OD (+0.001) +0.0005 0.9312 0.0007 0.483 0.419 0.032 0.411 0.030 0.100 
decrease pellet OD (-0.001) -0.0008 0.9299 0.0009 0.483 0.419 0.032 0.409 0.030 0.100 
increase clad ID (+0.004) +0.0027 0.9334 0.0007 0.483 0.423 0.030 0.410 0.030 0.100 
decrease clad ID (-004) -0.0034 0.9273 0.0007 0.483 0.415 0.034 0.410 0.030 0.100 
increase clad OD (+0.004) -0.0041 0.9266 0.0008 0.487 0.419 0.034 0.410 0.030 0.100 
decrease clad OD (-0.004) +0.0023 0.9330 0.0007 0.479 0.419 0.030 0.410 0.030 0.100 
increaIe water rod -0.0019 0.9288 0.0008 0.483 0.419 0.032 0.410 0.045- 0.100 
thickniess (+0.015) 

decrease water rod +0.0001 0.9308 0.0008 0.483 0.419 0.032 0.410 0.015 0.100 
thickness (-0.015) 

remoVý water rods +0.0021 0.9328 0.0008 0.483 0.419 0.032 0.410 0.000 0.100 
(i.e., replace the water rod 
tubes with water) 

remove channel' -0.0039 0.9268 0.0009 0.483 0.419 0.032 0.410 0.030 0.000 
increase channel thickness +0.0005 0.9312 0.0007 0.483 0.419 0.032 0.410 0.030 0.120 
(+0.0,0) 
reduced active length -0.0007 0.9300 0.0007 0.483 0.419 0.032 0.410 0.030 0.100 
(120 Inches) 

reditced active length -0.0043 0.9264 '0.0007 0.483 0.419 0.032 0.410 0.030 0.100 
(90 Inbhes)
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Table 6.2.4 
REACTIVITY EFFECT OF ASSEMBLY PARAMETER VARIATIONS in PWR Fuel in the MPC 24 with 400ppm soluble boron concentration 

(all dimensions are in inches) 

Fuel Assembly/ Parameter reactivity calculated standard cladding Cladding cladding pellet guide tube 
Variation effect kqff deviation OD ID thickness OD thickness 

15xl5F (15x15 B&W, 5.0% E) reference 0.9271 0.0005 0.4280 0.3820 0.0230 0.3742 0.0140 

increase pellet OD (+0.001) -0.0008 0.9263 0.0004 0.4280 0.3820 0.0230 0.3752 0.0140 

decrease pellet OD (-0.001) -0.0002 0.9269 0.0005 0.4280 0.3820 0.0230 0.3732 0.0140 

increase clad ID (+0.004) +0.0040 0.9311 0.0005 0.4280 0.3860 0.0210 0.3742 0.0140 

decrease clad ID (-0.004) -0.0033 0.9238 0.0004 0.4280 0.3780 0.0250 0.3742 0.0140 

increase clad OD (+0.004) -0.0042 0.9229 0.0004 0.4320 0.3820 0.0250 0.3742 0.0140 

decrease clad OD (-0.004) +0.0035 0.9306 0.0005 0.4240 0.3820 0.0210 0.3742 0.0140 

increase guide tube -0.0008 0.9263 0.0005 0.4280 0.3820 0.0230 0.3742 0.0180 
thickness (+0.004) 

decrease guide tube +0.0006 0.9277 0.0004 0.4280 0.3820 0.0230 0.3742 0.0100 
thickness (-0.004) 

remove guide tubes +0.0028 0.9299 0.0004 0.4280 0.3820 0.0230 0.3742 0.000 
(i.e., replace the guide tubes 
with water) 

voided guide tubes -0.0318 0.8953 0.0005 0.4280 0.3820 0.0230 0.3742 0.0140
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Table 6.2.5 

REACTIVITY EFFECT OF ASSEMBLY PARAMETER VARIATIONS in PWR Fuel in the MPC-32 with 2600ppm soluble boron concentration 
/' 1 ! * .. . " . . . .S•i =
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tail uxmensions are in inches_ 

Fuel Assembly/ Parameter reactivity calculated standard cladding cladding cladding pellet guide tube 
Variation effect klrr deviation OD ID thickness OD thickness 

15xl5F (15x15 B&W, 5.0% E) reference 0.9389 0.0004 0.4280 0.3820 0.0230 0.3742 0.0140 

increase pellet OD (+0.001) +0.0019 0.9408 0.0004 0.4280 0.3820 0.0230 0.3752 0.0140 

decrease pellet OD (-0.001) 0.0000 0.9389 0.0004 0.4280 0.3820 0.0230 0.3732 0.0140 

increase clad ID (+0.004) +0.0015 0.9404 0.0004 0.4280 0.3860 0.0210 0.3742 0.0140 

decrease clad ID (-0.004) -0.0015 0.9374 0.0004 0.4280 0.3780 0.0250 0.3742 0.0140 

increase clad OD (+0.004) -0.0002 0.9387 0.0004 0.4320 0.3820 0.0250 0.3742 0.0140 

decrease clad OD (-0.004) +0.0007 0.9397 0.0004 0.4240 0.3820 0.0210 0.3742 0.0140 

increase guide tube -0.0003 0.9387 0.0004 0.4280 0.3820 0.0230 0.3742 0.0180 
thickness (+0.004) 

decrease guide tube -0.0005 0.9384 0.0004 0.4280 0.3820 0.0230 0.3742 0.0100 
thickness (-0.004) 
remove guide tubes --0.0005 0.9385 0.0004 0.4280 0.3820 0.0230 0.3742 0.000 
(i.e., replace the guide tubes 
with water) 

voided guide tubes' +0.0039 0.9428 0.0004 0.4280 0.3820 0.0230 0.3742 0.0140



Table 6.2. 6 
MAXIMUM KEFF VALUES FOR THE 14X14A ASSEMBLY CLASS IN THE MPC-24 

-(alldimensions are in inches)
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14xl4A (4.6% Enrichment, Beralfixed neutron absorber 10B minimum loading of 0.02 g/cm 2) 

179 fuel rods, 17 guide tubes, pitch=0.556, Zr clad
Fuel Assembly maximum lk, calculated standard cladding cladding ID cladding pellet fuel guide tube 

Designation l~ff deviation OD thickness OD length thickness 

S14xl4A01 0.9295 0.9252 0.0008 0.400 0.3514 0.0243 0.3444 150 0.017 

l4x14A02 0.9286 0.9242 0.0008 0.400 0.3514 0.0243 0.3444 150 0.019 

14x14A03 0.9296 0.9253 0.0008 0.400 0.3514 0.0243 0.3444 150 0.017 

Dimensions Listed in 0.400 0.3514 0.3444 150 0.017 Certificate of Compliance (min.) (max.) (max.) (max.) (min.) 
bounding dimensions 0.9296 0.9253 0.0008 0.400 0.3514 0.0243 0.3444 150 0.017 

b (14xd4Ao3)

I
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Table 6.2.7 
MAXIMUM KEFF VALUES FOR THE 14XI4B ASSEMBLY CLASS IN THE MPC-24 

(all dimensions are in inches) 
14x 14B (4.6% Enriclhment, BEalfixed neutron absorber 1OB minimum loading of 0.02 g/cm2) 

179 fuel rods, 17 guide tubes, pitch=0.556, Zr clad 

I Fuel Assembly maximum ker calculated standard cladding cladding ID cladding pellet fuel guide tube 
Designation lýr deviation OD thickness OD length thickness 

14x14B01 0.9159 0.9117 0.0007 0.422 0.3734 0.0243 0.3659 150 0.017 

14x14B02 0.9169 0.9126 0.0008 0.417 0.3580 0.0295 0.3505 150 0.017 

14x14B03 0.9110 0.9065 0.0009 0.424 0.3640 0.0300 0.3565 150 0.017 

14x14B04 0.9084 0.9039 0.0009 0.426 0.3640 0.0310 0.3565 150 0.017 

Dimensions Listed in 0.417 0.3734 0.3659 150 0.017 Cei-tificate of Compliance (min.) (max.) (max.) (max.) (min.) 
liounding dimensions 0.9228 0.9185 0.0008 0.417 0.3734 0.0218 0.3659 150 0.017 

(B14xI4BOI)
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Table 6.2.8 
MAXIMUM KEFF VALUES FOR THE 14X14C ASSEMBLY CLASS IN THE MPC-24 

(all dimensions are in inches)
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14xl 4C (4.6% Enrichment, Boefefixed neutron absorber '0B minimum loading of 0.02 g/cm2) 

176 fuel rods, 5 guide tubes, pitch=0.580, Zr clad
Fuel Assembly maximum kff calculated standard cladding Cladding cladding pellet fuel guide tube 

Designation kerr deviation OD ID thickness OD length thickness 

14x14C01 0.9258 0.9215 0.0008 0.440 0.3840 0.0280 0.3765 150 0.040 

1 14x14C02 0.9265 0.9222 0.0008 0.440 0.3840 0.0280 0.3770 150 0.040 

14x14C03 0.9287 0.9242 0.0009 0.440 0.3880 0.0260 0.3805 150 0.038 

Dimensions Listed in 0.440 0.3880 0.3805 150 0.038 
Cerificate of Compliance (min.) (max.) (max.) (max.) (min.) 

bounding dimensions 0.9287 0.9242 0.0009 0.440 0.3880 0.0260 0.3805 150 0.038 
! (14x14C03)
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Table 6.2.9 

MAXIMUM Kr VALUES FOR THE 14X14D ASSEMBLY CLASS IN THE MPC-24 
(all dimensions are in inches) 

14x 14D (4.0% Enrichment, Beor4fixed neutron absorber ")B minimum loading of 0.02 g/cm 2) 

180 fuel rods, 16 guide tubes, pitch=0.556, SS clad 

Fuel Assembly maximum ker calculated standard cladding Cladding cladding pellet fuel guide tube 
Designation kfr deviation OD ID thickness OD length thickness 

I l4xl4D01 0.8507 0.8464 0.0008 0.422 0.3890 0.0165 0.3835 144 0.0145 

Dimensions Listed in 0.422 0.3890 0.3835 144 0.0145 
CeAificate of Compliance (mrin.) (max.) (max.) (max.) (min.)
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Table 6.2.10 
MAXIMUM KEFF VALUES FOR THE 14X14E ASSEMBLY CLASS IN THE MPC-24 

(all dimensions are in inches) 
14x14E (5.0% Enrichment, Bomefixed neutron absorber 10B minimum loading of 0.02 g/cm 2) 

173 fuel rods, 0 guide tubes, pitch=0.453 and 0.441, SS cladt 

Fuel Assembly maximum klf calculated standard cladding cladding ID cladding pellet fuel guide tube 
SDesignation kerr deviation OD thickness OD lengthtt thickness 

14x14E01 0.7598 0.7555 0.0008 0.3415 0.3175 0.0120 0.3130 102 0.0000 
0.2845 0.0285 0.2800 
0.3015 0.0200 0.2970 

14x14E02 0.7627 0.7586 0.0007 0.3415 0.3175 0.0120 0.3130 102 0.0000 

14x14E03 0.6952 0.6909 0.0008 0.3415 0.2845 0.0285 0.2800 102 0.0000 

Dimensions Listed in 0.3415 0.3175 0.3130 102 0.0000 
Certificate of Compliance (nun.) (max.) (max.) (max.) (min.) 

Bounding dimensions 0.7627 0.7586 0.0007 0.3415 0.3175 0.0120 0.3130 102 0.0000 
(14xl4E02)

This is the IP-1 fuel assembly at Indian Point. This assembly is a 14x14 assembly with 23 fuel rods omitted to allow passage of control rods between 
assemblies.1 Fuel rod dimensions are bounding for each of the three types of rods found in the IP-1 fuel assembly.  

Calculations were conservatively performed for a fuel length of 150 inches.
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Table 6.2.11 

MAXIMUM KEFF VALUES FOR THE 15XI5A ASSEMBLY CLASS IN THE MPC-24 
(all dimensions are in inches) 

"15xl5A (4.1% Enrichment, Beorafixed neutron absorber 10B minimum loading of 0.02 g/cm 2) 

204 fuel rods, 21 guide tubes, pitch=0.550, Zr clad 

Fuel Assembly maximum klf calculated standard cladding cladding ID cladding pellet fuel guide tube 
I Designation kfr deviation OD thickness OD length thickness 

I 15x15AO1 0.9204 0.9159 0.0009 0.418 0.3660 0.0260 0.3580 150 0.0165 

Dimensions Listed in 0.418 0.3660 0.3580 150 0.0165 
Cektificate of Compliance (min.) (max.) (max.) (max.) (min.)

HI-STORM FSAR 
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Table 6.2.12 
MAXIMUM KEFF VALUES FOR THE 15X15B ASSEMBLY CLASS IN THE MPC-24 

(all dimensions are in inches) 

15xl5B (4.1% Enrichment, Bongfixed neutron absorber i0B minimum loading of 0.02 g/cm2 ) 

204 fuel rods, 21 guide tubes, pitch=0.563, Zr clad 

Fuel Assembly maximum keI calculated standard cladding cladding ID cladding pellet fuel guide tube 
Designation ktr deviation OD thickness OD length thickness 

15x15B01 0.9369 0.9326 0.0008 0.422 0.3730 0.0245 0.3660 150 0.017 

15x15B02 0.9338 0.9295 0.0008 0.422 0.3730 0.0245 0.3660 150 0.017 

l5x15B03 0.9362 0.9318 0.0008 0.422 0.3734 0.0243 0.3660 150 0.017 

15x15B04 0.9370 0.9327 0.0008 0.422 0.3734 0.0243 0.3659 150 0.015 

15xl5BO5 0.9356 0.9313 0.0008 0.422 0.3736 0.0242 0.3659 150 0.015 
l5x15B06 0.9366 0.9324 0.0007 0.420 0.3720 0.0240 0.3671 150 0.015 

Dimensions Listed in 0.420 0.3736 0.3671 150 0.015 
Ceificate of Compliance (min.) (max.) (max.) (max.) (min.) 

bounding dimensions 0.9388 0.9343 0.0009 0.420 0.3736 0.0232 0.3671 150 0.015 S(B15xl5B01)
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Table 6.2.13 

MAXIMUM KEFF VALUES FOR THE 15X15C ASSEMBLY CLASS IN THE MPC-24 
(all dimensions are in inches) 

15xl5C (4.1% Enrichment, BoPrfixed neutron absorber 10B minimum loading of 0.02 g/cm 2) 

204 fuel rods, 21 guide tubes, pitch=0.563, Zr clad 

Fuel Assembly maximum klf calculated standard cladding cladding ID cladding pellet fuel guide tube 
Designation ker deviation OD thickness OD length thickness 

15xI5C01 0.9255 0.9213 0.0007 0.424 0.3640 0.0300 0.3570 150 0.0255 

15x15C02 0.9297 0.9255 0.0007 0.424 0.3640 0.0300 0.3570 150 0.0165 
15x15C03 0.9297 0.9255 0.0007 0.424 0.3640 0.0300 0.3565 150 0.0165 

l5xl5C04 0.9311 0.9268 0.0008 0.417 0.3570 0.0300 0.3565 150 0.0165 

bimensions Listed in 0.417 0.3640 0.3570 150 0.0165 
Certificate of Compliance (min.) (max.) (max.) (max.) (min.) 

b'ounding dimensions 0.9361 0.9316 0.0009 0.417 0.3640 0.0265 0.3570 150 0.0165 
(Bl5xl5C01) .
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Table 6.2.14 
MAXIMUM KEFF VALUES FOR THE 15X15D ASSEMBLY CLASS IN THE MPC-24 

(all dimensions are in inches) 

15xl 5D (4.1% Enrichment, Boralfixed neutron absorber "'B minimum loading of 0.02 g/cm2) 

208 fuel rods, 17 guide tubes, pitch=0.568, Zr clad 

Fuel Assembly maximum kr calculated standard cladding cladding ID cladding pellet fuel guide tube 
Designation kerr deviation OD thickness OD length thickness 
15x15D01 0.9341 0.9298 0.0008 0.430 0.3770 0.0265 0.3690 150 0.0160 

l5xl5D02 0.9367 0.9324 0.0008 0.430 0.3770 0.0265 0.3686 150 0.0160 

l5xl5D03 0.9354 0.9311 0.0008 0.430 0.3770 0.0265 0.3700 150 0.0155 

15x15D04 0.9339 0.9292 0.0010 0.430 0.3800 0.0250 0.3735 150 0.0150 

Dimensions Listed in 0.430 0.3800 0.3735 150 0.0150 
Certificate of Compliance (min.) (max.) (max.) (max.) (min.) 

bounding dimensions 0 .9 3 3 9 t 0.9292 0.0010 0.430 0.3800 0.0250 0.3735 150 0.0150 (15x15D04)I

Tlhe kff value listed for the 15x 15D02 case is higher than that for the case with the bounding dimensions. Therefore, the 0.9367 (15x 15D02) 
value is listed in Table 6.1.1 as the maximum.
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Table 6.2.15 

MAXIMUM KEFF VALUES FOR THE 15XI5E ASSEMBLY CLASS IN THE MPC-24 
(all dimensions are in inches) 

15x15E (4. 1% Enrichment, Boralfixed neutron absorber 10B minimum loading of 0.02 g/cm2 ) 

208 fuel rods, 17 guide tubes, pitch=0.568, Zr clad 

, Fuel Assembly maximum ker calculated standard cladding cladding ID cladding pellet fuel guide tube 
Designation ker deviation OD thickness OD length thickness 

15x15E01 0.9368 0.9325 0.0008 0.428 0.3790 0.0245 0.3707 150 0.0140 

Dimensions Listed in 0.428 0.3790 0.3707 150 0.0140 
Cetificate of Compliance (min.) (max.) (max.) (max.) (min.)
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Table 6.2.16 
MAXIMUM KEFF VALUES FOR THE 15XI5F ASSEMBLY CLASS IN THE MPC-24 

(all dimensions are in inches) 

15x1 5F (4.1% Enrichment, Beflfixed neutron absorber 10B minimum loading of 0.02 g/cm 2) 

208 fuel rods, 17 guide tubes, pitch=0.568, Zr clad 

Fuel Assembly maximum kff calculated standard cladding cladding ID cladding pellet fuel guide tube 
Designation klýr deviation OD thickness OD length thickness 

l5xl5F01 0.9 3 9 5 t 0.9350 0.0009 0.428 0.3820 0.0230 0.3742 150 0.0140 

iDimensions Listed in 0.428 0.3820 0.3742 150 0.0140 
Certificate of Compliance (min.) (max.) (max.) (max.) (rmin.)

t KENO5a verification calculation resulted in a maximum k.f f0.33
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Table 6.2.17 

MAXIMUM KEFr VALUES FOR THE 15X15G ASSEMBLY CLASS IN THE MPC-24 
(all dimensions are in inches) 

15xl5G (4.0% Enrichment, Borlfixed neutron absorber 10B minimum loading of 0.02 g/cm 2) 

204 fuel rods, 21 guide tubes, pitch=0.563, SS clad 

Fuel Assembly maximum klf calculated standard cladding cladding ID cladding pellet fuel guide tube 
Designation kff deviation OD thickness OD length thickness 
15x15G01 0.8876 0.8833 0.0008 0.422 0.3890 0.0165 0.3825 144 0.0145 

Dimensions Listed in 0.422 0.3890 0.3825 144 0.0145 
Certificate of Compliance (min.) (max.) (max.) (max.) (min.)
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Table 6.2.18 
MAXIMUM KEFF VALUES FOR THE 15X15H ASSEMBLY CLASS IN THE MPC-24 

(all dimensions are in inches) 
l5x15H (3.8% Enrichment, Bemtfixed neutron absorber 10B minimum loading of 0.02 g/cm2) 

208 fuel rods, 17 guide tubes, pitch=0.568, Zr clad 

Fuel Assembly maximum klf calculated standard cladding cladding ID cladding pellet fuel guide tube 
fDesignation kr deviation OD thickness OD length thickness 

15xl5H01 0.9337 0.9292 0.0009 0.414 0.3700 0.0220 0.3622 150 0.0140 

EIimensions Listed in 0.414 0.3700 0.3622 150 0.0140 
Certificate of Compliance (min.) (max.) (max.) (max.) (min.)
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Table 6.2.19 

MAXIMUM KEFF VALUES FOR THE 16XI6A ASSEMBLY CLASS IN THE MPC-24 
(all dimensions are in inches) 

16xl6A (4.6% Enrichment, Bore4fixed neutron absorber '0 B minimum loading of 0.02 g/cm 2) 

236 fuel rods, 5 guide tubes, pitch=0.506, Zr clad 

Fuel Assembly maximum ker calculated standard cladding cladding ID cladding pellet fuel guide tube 
Designation kfr deviation OD thickness OD length thickness 

16x16A01 0.9287 0.9244 0.0008 0.382 0.3320 0.0250 0.3255 150 0.0400 

16x16A02 0.9263 0.9221 0.0007 0.382 0.3320 0.0250 0.3250 150 0.0400 

I5imensions Listed in 0.382 0.3320 0.3255 150 0.0400 
Certificate of Compliance (min.) (max.) (max.) (max.) (min.) 

bounding dimensions 0.9287 0.9244 0.0008 0.382 0.3320 0.0250 0.3255 150 0.0400 (16x16A01)L
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Table 6.2.20 
MAXIMUM KEFF VALUES FOR THE 17XI7A-ASSEMBLY CLASS IN THE MPC-24 

(all dimensions are in inches) 
17xl 7A (4.0% Enrichment, Ber-alflxed neutron absorber '°B minimum loading of 0.02 g/cm 2) 

264 fuel rods, 25 guide tubes, pitch=0.496, Zr clad 

Fuel Assembly maximum kl, calculated standard cladding cladding ID cladding pellet fuel guide tube 
Designation klff deviation OD thickness OD length thickness 

14.*7A01 0.9306 0.93Og 00008- 036 030225 0-.-..--..--88 444 006 

17x17A0Ol1 0.9368 0.9325 0.0008 0.360 0.3150 0.0225 0.3088 150 0.016 

i 17x17A032 0.9329 0.9286 0.0008 0.360 0.3100 0.0250 0.3030 150 0.016 

Dimensions Listed in 0.360 0.3150 0.3088 150 0.016 Certificate of Compliance (min.) (max.) (max.) (max.) (min.) 
bounding dimensions 0.9368 0.9325 0.0008 0.360 0.3150 0.0225 0.3088 150 0.016 

( (7x I17A0;•I )
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Table 6.2.21 

MAXIMUM KErF VALUES FOR THE 17XI7B ASSEMBLY CLASS IN THE MPC-24 
(all dimensions arc in inches)

t iTl'le k~ffvalue listed for the M7x17B04 case is higher than that for the case with the bounding dimensions. Therefore, the 0.9324 (17x17B04) 
value is listed in Table 6.1.1 as the maximum.-
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REPORT ý1I-2002444
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C

17xl 7B (4.0% Enrichment, Boralfixed neutron absorber 1°B minimum loading of 0.02 g/cm 2) 

264 fuel rods, 25 guide tubes, pitch=0.496, Zr clad 

Fuel Assembly maximum kff calculated standard Cladding cladding ID cladding pellet fuel guide tube 
Designation keff deviation OD thickness OD length thickness 

17x17B01 0.9288 0.9243 0.0009 0.374 0.3290 0.0225 0.3225 150 0.016 

17xl7BO2 0.9290 0.9247 0.0008 0.374 0.3290 0.0225 0.3225 150 0.016 

l7xl7B03 0.9243 0.9199 0.0008 0.376 0.3280 0.0240 0.3215 150 0 016 

1 17xl7B04 0.9324 0.9279 0.0009 0.372 0.3310 0.0205 0.3232 150 0.014 
17x17B05 0.9266 0.9222 0.0008 0.374 0.3260 0.0240 0.3195 150 0.016 

l7xl7B06 0.9311 0.9268 0.0008 0.372 0.3310 0.0205 0.3232 150 0.014 

Dimensions Listed in 0.372 0.3310 0.3232 150 0.014 
Cemificate of Compliance (min.) (max.) (max.) (max.) (min.) 

bounding dimensions 0.931 It 0.9268 0.0008 0.372 0.3310 0.0205 0.3232 150 0.014 
(17x17B06)
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Table 6.2.22 
MAXIMUM KEFF VALUES FOR THE 17X17C ASSEMBLY CLASS IN THE MPC-24 

(all dimensions are in inches) 
17x17C (4.0% Enrichment, Boe1fixed neutron absorber '0B minimum loading of 0.02 g/cm 2) 

264 fuel rods, 25 guide tubes, pitch=0.502, Zr clad 

Fuel Assembly maximum kerr calculated standard cladding cladding ID cladding pellet fuel guide tube 
Designation kff deviation OD thickness OD length thickness 

17xl7C01 0.9293 0.9250 0.0008 0.379 0.3310 0.0240 0.3232 150 0.020 

17x17C02 0.9336 0.9293 0.0008 0.377 0.3330 0.0220 0.3252 150 0.020 

Dimensions Listed in 0.377 0.3330 0.3252 150 0.020 
Cekificate of Compliance (min.) (max.) (max.) (max.) (min.) 

bounding dimensions 0.9336 0.9293 0.0008 0.377 0.3330 0.0220 0.3252 150 0.020 !(17x17C02)
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C
MAXIMUM KEF VALUES FOR THE 7X7BT ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF 

(all dimensions are in inches) 
7x7B (4.2% Enrichment, Beralfixed neutron absorber 10l3 minimum loading of 0.0279 g/cm 2) 

49 fuel rods, 0 water rods, pitch-0.738, Zr clad 
Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet OD fuel water rod channel 

Designation keff kfr deviation OD thickness length thickness thickness 
7x7B01 0.9372 0.9330 0.0007 0.5630 0.4990 0.0320 0.4870 150 n/a 0.080 
7x7B02 0.9301 0.9260 0.0007 0.5630 0.4890 0.0370 0.4770 150 n/a 0.102 
7x7B03 0.9313 0.9271 0.0008 0.5630 0.4890 0.0370 0.4770 150 n/a 0.080 
7x7B04 0.9311 0.9270 0.0007 0.5700 0.4990 0.0355 0.4880 150 n/a 0.080 
7x7B05 0.9350 0.9306 0.0008 0.5630 0.4950 0.0340 0.4775 150 n/a 0.080 
7x7B06 0.9298 0.9260 0.0006 0.5700 0.4990 0.0355 0.4910 150 n/a 0.080 

Dimensions Listed in .0.5630 0.4990" 0.4910 150. n/a 0.120 
Certificate of Compliance (min.) (max.) (max.) (max.) (max.) 

bounding dimensions 0.9375 0.9332 0.0008 0.5630 0.4990 0.0320 0.4910 150 n/a 0.102 
-(B7x7B01)

boui'ding dimensions with 0.9386 0.9344 0.0007 0.5630 0.4990 0.0320 0.4910 150 n/a 0.120 
120 mil channel.  

(B7x7B02) _.
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Table 6.2.24 
MAXIMUM KEFF VALUES FOR THE 8X8B ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF 

(all dimensions are in inches) 

8x8B (4.2% Enrichment, Bt*orafixed neutron absorber 10 B minimum loading of 0.0279 g/cm2) 
It 

63 or 64 fuel rodsl, 1 or 0 water rodst, pitcht = 0.636-0.642, Zr clad 

Fuel Assembly maximum calculated standard Fuel rods cladding cladding cladding pellet OD fuel water rod channel 
Designation kfr kff deviation Pitch OD ID thickness length thickness thickness 

84101 0.9310 0.9265 0.0009 63 0.641 0.4840 0.4140 0.0350 0.4050 150 0.035 0.100 

8xOB02 0.9227 0.9185 0.0007 63 0.636 0.4840 0.4140 0.0350 0.4050 150 0.035 0.100 
8x8B03 0.9299 0.9257 0.0008 63 0.640 0.4930 0.4250 0.0340 0.4160 150 0.034 0.100 

8xýB04 0.9236 0.9194 0.0008 64 0.642 0.5015 0.4295 0.0360 0.4195 150 n/a 0.100 

Dimensions Listed in 63 or 64 0.636- 0.48,10 0.4295 0.4195 150 0.034 0.120 
Certificate of Compliance 0.642 (min.) (max.) (max.) (max.) (max.) 

bounding (pitch=0.636) 0.9346 0.9301 0.0009 63 0.636 0.4840 0.4295 0.02725 0.4195 150 0.034 0.120 
(B8x8B01) 

bounding (pitch=0.640) 0.9385 0.9343 0.0008 63 0.640 0.48,10 0.4295 0.02725 0.4195 150 0.034 0.120 
(38 8,8B02) 

bounding (pitch=0.642) 0.9416 0.9375 0.0007 63 0.642 0.4840 0.4295 0.02725 0.4195 150 0.034 0.120 
(B8x8B03) 

Tlis assembly class was analyzed and qualified for a small variation in the pitch and a variation in the number of fuel and water rods.
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Table 6.2.25

(
MAXIMUM KEFF VALUES FOR THE 8X8C ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF 

(all dimensions are in inches) - " 
Wx8C (4.2% Enrichment, Borefixed neutron absorber 10B minimum loading of 0.0279 g/cm2) 

62 fuel rods, 2 water rods, pitcht = 0.636-0.641, Zr clad 
Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel Designation kfr kfr deviation pitch OD thickness OD length thickness thickness 

8x8C01 0.9315 0.9273 0.0007 0.641 0.4840 0.4140 0.0350 0.4050 150 0.035 0.100 
8x8C02 0.9313 0.9268 0.0009 0.640 0.4830 0.4190 0.0320 0.4100 150 0.030 0.000 
8x8C03 0.9329 0.9286 0.0008 0.640 0.4830 0.4190 0.0320 0.4100 150 0.030 0.800 
8x8C04 0 .9 3 4 8 tt 0.9307 0.0007 0.640 0.4830 0.4190 0.0320 0.4100 150 0.030 0.100 
9x8C05 0.9353 -0.9312 0.0007 0.640 0.4830 0.4190 0.0320 0.4100 150 0.030 0.120 
8x8C06 0.9353 0.9312 0.0007', 0.640 0.4830 0.4190 0.0320 0.4110 150 0.030 0.100 
8x8C07 0.9314 0.9273 0.0007 0.640 0.4830 0.4150 0.0340 0.4100 150 0.030 0.100 
8x8C08 0.9339 0.9298 0.0007 0.640 0.4830 0.4190 0.0320, 0.4100 150 0.034 0.100 
9x8C09 ",. 0.9301 0.9260 0.0007 0.640 0.4930 '0.4250 0.0340 0.4160 150 ' 0.034 0.100 

"8x8C10 0.9317 0.9275 0.0008 0.640 0.4830 0.4150 0.0340 0.4100 150 0.030 0.120 
8x8C 1 0.9328"- 0.9287 0.0007 0.640 0.4830, 0.4150 0.0340 0.4100 150 0.030 0.120 
8x8C12 0.9285 0.9242 0.0008 0.636 0.4830 0.4190 0.0320 0.4110 150 0.030 0.120 

Dimensions Listed in 0.636- 0.4830 0.4250 0.4160 150 0.000 0.120 Certificate of Compliance _ 0.641 (min.) (max.) (max.) (riax.) (mrin.) (max.) 
bounding (pitch=0.636) 0.9357 0.9313 0.0009 0.636 0.4830 0.4250' 0.0290 0.4160 150 0.000 0.120 

'(B8x8C01) - I , 
bounding(pitch=0.640) 0.9425 0.9384 0.0007 0.640 0.4830 0.4250. -0.0290 0.4160 150 0.000 0.120 

,(B8x8C02) _ _ 

Bounding (pitch=0.641) 0.9418 0.9375 0.0008 0.641 0.4830 0.4250, 0.0290 0.4160 150 0.000 0.120 
(B8x8C03) , .  

t ,l This assembly class was analyzed and qualified for a small variation in the pitch.  
KENO5a verification calculation resulted in a maximum k.ff of 0.9343. .
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Table 6.2.26 
MAXIMUM KEFF VALUES FOR THE 8X8D ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF 

(all dimensions are in inches) 

8x8D (4.2% Enrichment, Bom-lfixed neutron absorber 10B minimum loading of 0.0279 g/cm2 ) 

60-61 fuel rods, 1-4 water rodst, pitch=0.640, Zr clad 

Fuel Assembly maximum calculated standard Cladding cladding ID cladding pellet fuel water rod channel 
Designation kffr k, ff deviation OD thickness OD length thickness thickness 

8x8D01 0.9342 0.9302 0.0006 0.4830 0.4190 0.0320 0.4110 150 0.03/0.025 0.100 

8x8D02 0.9325 0.9284 0.0007 0.4830 0.4190 0.0320 0.4110 150 0.030 0.100 

8x8D03 0.9351 0.9309 0.0008 0.4830. 0.4190 '0.0320 0.4110 150 0.025 0.100 

8x8D04 0.9338 0.9296 0.0007 0.4830 0.4190 0.0320 0.4110 150 0.040 0.100 

8x8D05 0.9339 0.9294 0.0009 0.4830 0.4190 0.0320 0.4100 150 0.040 0.100 

8x8D06 0.9365 0.9324 0.0007 0.4830 0.4190 0.0320 . 0.4110 150 0.040 0.120 

8x8D07 0.9341 0.9297 0.0009 0.4830 0.4190 0.0320 0.4110 150 0.040 0.080 

8x8D08 0.9376 0.9332 0.0009 0.4830 0.4230 0.0300 0.4140 150 0.030 0.080 

Dimensions Listed in 0.4830 0.4230 0.4140 150 0.000 0.120 
Certificate of Compliance (min.) (max.) (max.) (max.) (min.) (max.) 

bounding dimensions 0.9403 0.9363 0.0007 0.4830 0.4230 0.0300 0.4140 150 0.000 0.120 
(BSx8DO1)

t FFuel assemblies 8x8D01 through 8x8D03 have 4 water rods that are similar in size to the fuel rods, while assemblies 8x8D04 through 8x8D07 have 1 
large water rod that takes the place of the 4 water rods. Fuel assembly 8x8D08 contains 3 water rods that are similar in size to the fuel rods.
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Table 6.2.27 

MAXIMUM KEFF VALUES FOR THE 8X8E ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF 
(all dimensions are in inches) 

8x8E (4.2% Enrichment, Bomlfixed neutron absorber 10B minimum loading of 0.0279 g/cm 2) 

59 fuel rods, 5 water rods, pitch=0.640, Zr clad 

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel 
Designation kJ r kerr deviation OD thickness OD length thickness thickness 

8x8E01 0.9312 0.9270 0.0008 0.4930 0.4250 0.0340 0.4160 150 0.034 0.100 

Dimensions Listed in 0.4930 0.4250 0.4160 150 0.034 0.100 
Ceiificate of Compliance (min.) (max.) (max.) (max.) (min.) (max.)
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Table 6.2.28 
MAXIMUM KEFF VALUES FOR THE 8X8F ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF 

(all dimensions are in inche•'

8x8F (4.0% Enriclunent, Bor4fixed neutron absorber 013 minimum loading of 0.0279 g/cm2) 

64 fuel rods, 4 rectangular water cross segments dividing the assembly into four quadrants, pitch=0.609, Zr clad 
Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel 

Designation kerr k r deviation OD thickness OD length thickness thickness 
8x8FO1 0.9411 0.9366 0.0009 0.4576 0.3996 0.0290 0.3913 150 0.0315 0.055 

Dimensions Listed in 0.4576 0.3996 0.3913 150 0.0315 0.055 
Certificate of Compliance (min.) (max.) (max.) (max.) (min.) (max.)

(
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(all dimensions are in inches) 
9x9A (4.2% Enrichment, eiomtfixed neutron absorber 10B minimum loading of 0.0279 g/cm2) 

74/66 fuel rodst, 2 water rods, pitch=0.566, Zr clad 

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel 
Designation kfr klfr deviation OD thickness OD length thickness thickness 

9x9A01 0.9353 0.9310 0.0008 0.4400 0.3840 0.0280 0.3760 150 0.030 0.100 
(axial segment with all 

rods) 

9x9A02 0.9388 0.9345 0.0008 0.4400 0.3840 0.0280 0.3760 150 0.030 0.100 
(a,•ial segment with only 

the full length rods) 

I 9x9A03 0.9351 0.9310 0,0007 0.4400 0.3840 0.0280 0.3760 150/90 0.030 0.100 
(actual three-dimensional 
representation of all rods) 

9x9A04 0.9396 0.9355 0.0007 0.4400 0.3840 0.0280 0.3760 150 0.030 0.120 
(axial segment with only 

the full length rods) 

l3 imensions Listed in 0.4400 0.3840 0.3760 150 0.000 0.120 
Cetificate of Compliance (min.) (max.) (max.) (max.) (min.) (max.) 

boufiding dim6nsikns' 0.9417 0.9374 0.0008 0.4400 0.3840 0.0280 0.3760 150 0.000 0.120 
(aý,ial segment with only 

the full length rods) 
(B9x9AOI)

( 
Table 6.2.29 

MAXIMUM KErr VALUES FOR THE 9X9A ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF

t TlTis assembly class contains 66 full length rods and 8 partial lehgth rods. 'Ifi order to eliminate a requirement on the lenfgth of the partial length rods, 
separate calculations were performed for the axial segments with and without the partial length rods.
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Table 6.2.30 
MAXIMUM KEFF VALUES FOR THE 9X9B ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF 

(all dimensions are in inches) 
9x9B (4.2% Enrichment, Boralfixed neutron absorber 1°B minimum loading of 0.0279 g/cm 2) 

72 fuel rods, 1 water rod (square, replacing 9 fuel rods), pitch=0.569 to 0.572 , Zr clad 
Fucl Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel 

D~esignation ker kff deviation pitch OD thickness OD length thickness thickness 
9x9BI 1 0.9380 0.9336 0.0008 0.569 0.4330 0.3807 0.0262 0.3737 150 0.0285 0.100 
9x9B02 0.9373 0.9329 0.0009 0.569 0.4330 0.3810 0.0260 0.3737 150 0.0285 0.100 

j9x9B03 0.9417 0.9374 0.0008 0.572 0.4330 0.3810 0.0260 0.3737 150 0.0285 0.100 

Dimensions Listed in 0.572 0.4330 0.3810 0.3740 150 0.000 0.120 
Certificate of Compliance (min.) (max.) (max.) (max.) (min.) (max.) 

bounding dimensions 0.9436 0.9394 0.0008 0.572 0.4330 0.3810 0.0260 0. 3740tt 150 0.000 0.120

This assembly class was analyzed and qualified for a small variation in the pitch.  
This value was conservatively defined to be larger than any of the actual pellet diameters.  
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Table 6.2.31 

MAXIMUM KEFF VALUES FOR THE 9X9C ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF

9x9C (4.2% Enrichment, tBirafitxed neutron absorber 11G3 minimum loading of 0.0279 g/cm 2) 

80 fuel rods, 1 water rods, pitch=0.572, Zr clad 

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel 
Designation kfr k,.r deviation OD thickness OD length thickness thickness 

9x9C01 0.9395 0.9352 0.0008 0.4230 0.3640 0.0295 0.3565 150 0.020 0.100 

Ibimensions Listed in 0.4230 0.3640 0,3565 150 0.020 0.100 
Ceificate of Compliance (min.) (max.) (max.) (max.) (min.) (max.)
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9x9D (4.2% Enrichment, Beralfixed neutron absorber 10B minimum loading of 0.0279 g/cm 2) 

79 fuel rods, 2 water rods, pitch=0.572, Zr clad 

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel 
Designation k Jf kff deviation OD thickness OD length thickness thickness 

9x9D01 0.9394 0.9350 0.0009 0.4240 0.3640 0.0300 0.3565 150 0.0300 0.100 

Dimensions Listed in 0.4240 0.3640 0.3565 150 0.0300 0.100 
Certificate of Compliance (min.) (max.) (max.) (max.) (min.) (max.)

Table 6.2.32 
MAXIMUM KEFF VALUES FOR THE 9X9D ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF 

(all dimensions are in inches)



C 
Table 6.2.33 

MAXIMUM KEFF VALUES FOR THE 9X9E ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF

(all dimensions are in incheq•

(C

This fuel assembly,'also knfown as' SPC 9x9-5, contains fuel rods with different cladding and pellet diameters which do not bound each other. To be 

consistent in the way fuel assemblies are listed in the Certificate of Compliance, two assembly classes (9x9E and 9x9F) are required to specify this assembly.  Each ciass contains the actual geometry (9x9E02ý and 9x9F02), as well as a hypothetical geometry with either all small rods (9x9E01) or all large rods.  
(9x9F17). The Certificate of Compliance lists the sm all rod dimensions for class 9x9E and the large rod dimensions for class 9x9F, and a note that both 
classes are used to qualify the assembly. The analyses demonstrate that all configurations, including the actual geometry, are acceptable.
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9x9E (4.0% Enrichment, Bera4fixed neutron absorber 10B minimum loading of 0.0279 g/cm2) 

I- 1 76 fuel rods, 5 water rods, pitch=0.572, Zr clad I 

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel 
Designation kerr k, rr deviation OD thickness OD length thickness thickness 

9x9E01 0.9334 0.9293 0.0007 0.4170 0.3640 0.0265 0,3530 150 0.0120 0.120 

9x9E02 0.9401 0.9359 0.0008 0.4170 0.3640 0.0265 0.3530 150 0.0120 0.120 
_ 0.4430 0.3860 0.0285 0.3745 

Iimensions Listed in 0.4170 0.3640 0.3530 150 0.0120 0.120 
Certificate of (min.) (max.) (max.) (max.) (min.) (max.) 
Compliancet 

bounding dimensions 0.9401 0.9359 0.0008 0.4170 0.3640 0.0265 0.3530 150 0.0120 0.120 
(9x9E02) 0.4430 0.3860 0.0285 0.3745
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Table 6.2.34 
MAXIMUM KEFF VALUES FOR THE 9X9F ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF

(all dimensions are in inchcs) 

9x9F (4.0% Enrichment, Boea4fixed neutron absorber 10B minimum loading of 0.0279 g/cm 2) 

76 fuel rods, 5 water rods, pitch=0.572, Zr clad 

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel 
Designation kfr kerf deviation OD thickness OD length thickness thickness 

9x9F01 0.9307 0.9265 0.0007 0.4430 0.3860 0.0285 0.3745 150 0.0120 0.120 

i 9x9F02 0.9401 0.9359 0.0008 0.4170 0.3640 0.0265 0.3530 150 0.0120 0.120 

0.4430 0.3860 0.0285 0.3745 

Dimensions Listed in 0.4430 0.3860 0.3745 150 0.0120 0.120 
Certificate of (mm.) (max.) (max.) (max.) (min.) (max.) 
Compliancef 

b',ounding dimensions 0.9401 0.9359 0.0008 0.4170 0.3640 0.0265 0.3530 150 0.0120 0.120 
S(9x9F02) 0.4430 0.3860 0.0285 0.3745

This fuel assembly, also known as SPC 9x9-5, contains fuel rods with different cladding and pellet diameters which do not bound each other. To be 
consistent in the way fuel assemblies are listed in the Certificate of Compliance, two assembly classes (9x9E and 9x9F) are required to specify this assembly.  
Each class contains the actual geometry (9x9E02 and 9x9F02), as well as a hypothetical geometry with either all small rods (9x9E01) or all large rods 
(9x9F0 1). The Certificate of Compliance lists the small rod dimensions for class 9x9E and the large rod dimensions for class 9x9F, and a note that both 
classeI are used to qualify the assembly. The analyses demonstrate that all configurations, including the actual geometry, are acceptable.

1I1-STORM FSAR I 
REPORT HI-2002444 

(I

Proposed Rev. 2A

6.2-52 

Q (_

I I



C
Table 6.2.35 

MAXIMUM KEFF VALUES FOR THE 9X9G ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF 
(all dimensions are in inches) 

9x9G (4.2% Enrichment, Befalfixed ne6tron absorber "0B minimum loading of 0.0279 g/cm 2) 
72 fuel rods, 1 water rod (square, replacing 9 fuel rods), pitch=0.572, Zr clad 

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel 
Designation Y ker krr deviation OD thickness OD length thickness thickness 

9x9G01 0.9309 0.9265 0.0008 0,4240 0.3640 0.0300 0.3565 150 0.0320 0.120 

limensions Listed in 0.4240 0.3640 0.3565 150 0.0320 0.120 
Ceftificate of Compliance (min.) (max.) (max.) (max.) (min.) (max.)
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Table 6.2.36 
MAXIMUM KEFF VALUES FOR THE 1OXIOA ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF

(all dimensions are in inches) 

10xl0A (4.2% Enrichment, Beralfixed neutron absorber 1013 minimum loading of 0.0279 g/cm 2) 

92/78 fuel rods , 2 water rods, pitch=0.5 10, Zr clad 

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel 
Designation klff klfr deviation OD thickness OD length thickness thickness 

i 10xl0A01 0.9377 0.9335 0.0008 0.4040 0.3520 0.0260 0.3450 155 0.030 0.100 
(abxial segment with all 

rods) 

l0xl0A02 0.9426 0.9386 0.0007 0.4040 0.3520 0.0260 0.3450 155 0.030 0.100 
(axial segment with only 

the full length rods) 

10xlOA03 0.9396 0.9356 0.0007 0.4040 0.3520 0.0260 0.3450 155/90 0.030 0.100 
(actual three-dimensional 
representation of all rods) 

Dimensions Listed in 0.4040 0.3520 0.3455 150tt 0.030 0.120 
Certificate of Compliance (mm.) (max.) (max.) (max.) (min.) (max.) 

bounding dimensions 0.9 4 57ttt 0.9414 0.0008 0.4040 0.3520 0.0260 0.3455t 155 0.030 0.120 
(a~ial segment with only 

the full length rods) 
(BlOxlOA01) 

This assembly class contains 78 full-length rods and 14 partial-length rods. In order to eliminate the requirement on the length of the partial length rods, 
separaie calculations were performed for axial segments with and without the partial length rods.  tt Although the analysis qualifies this assembly for a maximum active fuel length of 155 inches, the Certificate of Compliance limits the active fuel length I.  
to 150 ,inches. This is due to the fact that the Beralfixed neutron absorber panels are 156 inches in length.  

KENO5a verification calculation resulted in a maximum klff of 0.9453.  
This value was conservatively defined to be larger than any of the actual pellet diameters.
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Table 6.2.37 

MAXIMUM KEFF VALUES FOR THE 10X1OB ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF 
(all dimensions are in inches)

l0x10IB (4.2% Enrichment, Dlor-lfixed neutron absorber 10B minimum loading of 0.0279 g/cm 2) 

91/83 fuel rodst, 1 water rods (square, replacing 9 fuel rods), pitch=0.5 10, Zr clad 
Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel 

Designation kfr kerr deviation OD thickness OD length thickness thickness 

(a xil B01 0.9384 0.9341 0.0008 0.3957 0.3480 0.0239 0.3413 155 0.0285 0.100 (a'xial segment with all 
rods) 

10xl0B02 0.9416 0.9373 0.0008 0.3957 0.3480 0.0239 0.3413 155 0.0285 0.100 
(axial segment with only 

the full length rods) 

l0xl0B03 0.9375 0.9334 0.0007 0.3957 0.3480 0.0239 0.3413 155/90 0.0285 0.100 
(actual three-dimensional 
rep resentation of all rods) 

bimensions Listed in 0.3957 0.3480 0.3420 150tt 0.000 0.120 
Ceiificate of Compliance (min.) (max.) (max.) (max.) (min.) (max.) 

b!ounding dimensions 0.9436 0.9395 0.0007 0.3957 0 3480 0.0239 0.3420ttt 155 0.000 0.120 
(axial segment with only 

ihe'full length rods) 
(BlOxlOB01) 

This assembly class contains 83 full length rods and 8 partial length rods. In order to eliminate a requirement on the length of the partial length rods, 
separate calculations were performed for the axial segments with and without the partial length rods.  W 'Athough the analysis qualifies this assembly for a maximum active fuel length of 155 inches, the Certificate ofCompliance limits the active fuel length 
to 150 1inches. This is due to the fact that the Beralflxed neutron absbrber panels are 156 inches in length.  ttt This value was conservatively defined to be larger than any of the actual pellet diameters.
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Table 6.2.38 
MAXIMUM KEFF VALUES FOR THE lOX lOC ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF

(all dimensions are in inches) 
lOxi OC (4.2% Enrichment, Beralfixed neutron absorber 10B minimum loading of 0.0279 g/cm2 ) 

96 fuel rods, 5 water rods (I center diamond and 4 rectangular), pitch=0.488, Zr clad 

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel 
Designation kkf l:rr deviation OD thickness 01) length thickness thickness 

lOxIOCOl 0.9433 0.9392 0.0007 0.3780 0.3294 0.0243 0.3224 150 0.031 0.055 

Dimensions Listed in 0.3780 0.3294 0.3224 150 0.031 0.055 
Cei-tificate of Compliance (mi.) (max.) (max.) (max.) (min.) (max.)

HI-STORM FSAR 
TI REPORT HI-2002-444

Proposed Rev. 2A

6.2-56

( (



Table 6.2.39 
MAXIMUM KEFF VALUES FOR THE 1OXIOD ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF

00D (4.0% Enrichment, Bom1fixed neutron absorber 10B minimum loading of 0.0279/m) 

100 fuel rods, 0 water rods, pitch=0.565, SS clad 

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel 
Designation k.fr ker deviation OD thickness OD length thickness thickness 
10xl0D01 0.9376 0.9333 0.0008 0.3960 0.3560 0.0200 0.350 83 n/a 0.080 

imensions Listed in 0.3960 0.3560 0.350 83 n/a 0.080 
erficate of Compliance (min.) (max.) (max.) (max.) (max.)
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Table 6.2.40 
MAXIMUM KEFF VALUES FOR THE IOX 1OE ASSEMBLY CLASS IN THE MPC-68 and MPC-68FF

(all dimensions are in inches) 

lOx 1 OE (4.0% Enrichment, B•feAfixed neutron absorber 10B minimum loading of 0.0279 g/cm2 ) 

96 fuel rods, 4 water rods, pitch=0.557, SS clad 

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel 
Designation lqfr kfr deviation OD thickness OD length thickness thickness 

lOxlOE01 0.9185 0.9144 0.0007 0.3940 0.3500 0.0220 0.3430 83 0.022 0.080 

Dimensions Listed in 0.3940 0.3500 0.3430 83 0.022 0.080 
Ce(tificatm of Compliance min.) (max.) (max.) (max.) (min.) (max.)
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Table 6.2.41 

MAXIMUM KEFF VALUES FOR THE 6X6A ASSEMBLY CLASS IN THE MPC-68F and MPC-68FF 
f.11 A;- r~;, , : ; : L• •

6x6At (3.0%'t~lJA Enihmnt 
-. mat aj e n nc e 

! 6x6A (3.0% Enrichmentt, lorafixed neutron absorber " B minimum loading of0'00067 g/cm2) 35 or 36 fuel rodstt; I or 0 water rods, pitch 0.694 to 0.710, Zr clad 

Fuel Assembly maxim6m calculated standard pitch fuel cladding cladding cladding pellet fuel water rod channel Designation Itr kerr deviation rods OD ID thickness OD length thickness thickness 
6xA01 0.7539 0.7498 0.0007 0.694 36 0.5645 0.4945 0.0350 0.4940 110 n/a 0.060 
6xWA02 0.7517 0.7476 0.0007 0.694 36 0.5645 0.4925 0.0360 0.4820 110 n/a 0.060 
6x6A03 0.7545 0.7501 0.0008 0.694 36 0.5645 0.4945 0.0350 0.4820 110 n/a 0.060 
6xWA04 0.7537 0.7494 0.0008 0.694 36 0.5550 0.4850 0.0350 0.4820 110 n/a 0.060 
6x6A05 0.7555 0.7512' 0.0008 0.696 36 0.5625 0.4925 0.0350 0.4820 110 n/a 0.060 
6x6A06 0.7618 0.7576 0.0008 0 696 35 0.5625 0.4925 0.0350 0.4820 110 0.0 0.060 
"6x6A07 0.7588 0.7550 0.0005 0.700 36 0.5555 0.4850 0.03525 0.4780 110 n/a 0.060 
6x6A08 0.7808 0.7766 0.0007 0.710, 36 0.5625 0.5105 0.0260 0.4980 110 n/a 0.060 

Dimensio'ns Listed in 0.710 35 or 0.5550 0.02225 0.0 0.060 Certificate of (max.) 36 (min.) '0.5105 0.4980 120 (max.) 
Comhliance (max.) (max.) (max.) 

boundingtdimensions 0.0007 0.694 35 0.5550 0.0 0.060 (B6x6A01) - 0.7727 0.7685 0.5105 0.02225 0.4980 120 
bounding dimensions 0.7782 0.7738 0.0008 0.700 35 0.5550 0.5105 0.02225 0.4980 120 '0.0 0.060 

(B36ý16A02) I_ _ 

bounding dimensions 0.7888 0.7846 0.0007 0.710 35 0.5550 0.5105 0.02225 0.4980 120 0.0 0.060 
(B6x6A03) .....  

t A though the calculations were performed for 3.0%, the enrichment is limited in the Certificate of Compliance to 2.7%.  
tt This assembly class was analyzed and qualified for a small variation in the pitch and 'a variation in the number of fuel and water rods.
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Table 6.2.42 
MAXIMUM KEFF VALUES FOR THE 6X6B ASSEMBLY CLASS IN THE MPC-68F and MPC-68FF 

(all dimensions are in inches) 

6x6B (3.0% Enrichmentt, Beralfixed neutron absorber 1013 minimum loading of 0.0067 g/cm 2) 

35 or 36 fuel rodstt (up to 9 MOX rods), 1 or 0 water rods t, pitchtt=0.694 to 0.710, Zr clad 

Fuel Assembly maximum calculated standard pitch fuel cladding cladding cladding pellet fuel water rod channel 
Designation klfr klqf deviation rods OD ID thickness OD length thickness thickness 

6x6p301 0.694 36 0.5645 0.4945 0.0350 0.4820 110 n/a 0.060 
0.7604 0.7563 0.0007 

6x6102 ' 0.694 36 0.5625 0.4925 0.0350 0.4820 110 n/a 0.060 
I 0.7618 0.7577 0.0007 

6x6.B03 0.7619 0.7578 0.0007 0.696 36 0.5625 0.4925 0.0350 0.4820 110 n/a 0.060 
6x6B04 0.7686 0.7644 0.0008 0.696 35 0.5625 0.4925 0.0350 0.4820 110 0.0 0.060 
6x6B305 0.7824 0.7785 0.0006 0.7 10 35 0.5625 0.4925 0.0350 0.4820 110 0.0 0.060 

Dimensions Listed in 0.710 35 or 0.5625 0.4945 0.4820 0.0 0.060 
Certificate of (max.) 36 (min.) (max.) (mnax.) 120 (max.) 
Compliance (max.) 

bounding dimensions 0.710 35 0.5625 0.4945 0.0340 0.4820 0.0 0.060 
(B6x6B01) 0.7822ttt 0.7783 0.0006 120

Note: 

1. These assemblies contain up to 9 MOX pins. The composition of the MOX fuel pins is given in Table 6.3.4.

The 235U enrichment of the MOX and U0 2 pins is assumed to be 0.711% and 3.0%, respectively.  
This assembly class was analyzed and qualified for a small variation in the pitch and a variation in the number of fuel and water rods.  
The k,,rvalue listed for the 6x6B05 case is slightly higher than that for the case with the bounding dimensions. However, the difference (0.0002) is well 
within ithe statistical uncertainties, and thus, the two values are statistically equivalent (within lo). Therefore, the 0.7824 value is listed in Tables 6.1.7 and 
6.1.8 aý the maximum
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6x6C (3.0% Enrichmentt, temlfired neutron absorber 10B minimum loading of 0.0067 g/cm2) 

36 fuel rods, 0 water rods, pitch=0.740, Zr clad 
Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel 

Designation lf kerr deviation OD thickness OD length thickness thickness 
6x6C01 0.8021 0.7980 0,0007 0.5630 0.4990 0.0320 0.4880 77.5 n/a 0.060 

Dimensions Listed in 0.563 0.4990 0.4880 77.5 n/a 0.060 
Certificate of Compiance (min.) (max.) (max.) (max.) (max.)

AIthough the calculations were performed for 3.0%, the enrichment is limited in the Certificate of Compliance to 2.7%.
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MAXIMUM KErr VALUES FOR THE 6X6C ASSEMBLY CLASS IN THE MPC-68F and MPC-68FF
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Table 6.2.44 
MAXIMUM KEFF VALUES FOR THE 7X7A ASSEMBLY CLASS IN THE MPC-68F and MPC-68FF

(all dimensions are in inches) 

7x7A (3.0% Enrichmentt, Beralfxed neutron absorber 10B minimum loading of 0.0067 g/cm2) 

49 fuel rods, 0 water rods, pitch=0.63 1, Zr clad 

Fuel Assembly maximum calculated standard cladding cladding ID cladding pellet fuel water rod channel 
Designation k Jr klr deviation OD thickness OD length thickness thickness 

7x7A01 0.7974 0.7932 0.0008 0.4860 0.4204 0.0328 0.4110 80 n/a 0.060 

Dimensions Listed in 0.4860 0.4204 10.4110 80 n/a 0.060 Cefimcate of Compliance (m4.) (max.) (max.) (max.) (max.)

t Aithough the calculations were performed for 3.0%, the enrichment is limited in the Certificate of Compliance to 2.7%.  
1
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Table 6.2.45 

MAXIMUM KEFF VALUES FOR THE 8X8A ASSEMBLY CLASS IN THE MPC-68F and MPC-68FF

(all dimensions are in inches)

Ajthough the calculations were performed for 3.0%, the enrichment is limited in the Certificate of Compliance to 2.7%.  
This assembly class was analyzed and qualified for a variation in the number of fuel rods.
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8x8A (3.0% Enrichmentt, Bor-afixed neutron absorber 10B minimum loading of 0.0067 g/cm 2) 

63 or 64 fuel rods , 0 water rods, pitch=0.523, Zr clad 

Fuel Assembly maximum calculated standard fuel cladding cladding ID cladding pellet fuel water rod channel 
Designation kfr kerr deviation rods OD thickness OD length thickness thickness 

8x8A01 0.7685 0.7644 0.0007 64 0.4120 0.3620 0.0250 0.3580 110 n/a 0.100 

8x8A02 0.7697 0.7656 0.0007 63 0.4120 0.3620 0.0250 0.3580 120 n/a 0.100 

Dimensions Listed in 63 0.4120 0.3620 0.3580 120 n/a 0.100 
Certificate of Compliance (min.) (max.) (max.) (max.) (max.) 

boun~ling dimensions 0.7697 0.7656 0.0007 63 0.4120 0.3620 0.0250 0.3580 120 n/a 0.100 1(8x8A02)

t 
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Table 6.2.46 

SPECIFICATION OF THE THORIA ROD CANISTER AND THE THORIA RODS 

Canister ID 4.81" 

Canister Wall Thickness 0.11" 

Separator Assembly Plates Thickness 0.11" 

Cladding OD 0.412" 

Cladding ID 0.362" 

Pellet OD 0.358" 

Active Length 110.5" 

Fuel Composition 1.8% U0 2 and 98.2% ThO2 

Initial Enrichment 93.5 wt% 235U for 1.8% of the fuel 

Maximum kef- 0.1813 

Calculated klfr 0.1779 

Standard Deviation 0.0004
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MODEL SPECIFICATION

6.3.1. - Description of Calculational Model 

Figures 6.3.1, 6.3.1.a, 6.3.2 and 6.3.3 show representative horizontal cross sections of the four 
types of cells used in the calculations,' and Figures 6.3.4 through 6.3.6 illustrate the 'basket 
configurations used. Four different MPC fuel basket designs were evaluated as follows: 

* a 24 PWR assembly basket 

" an optimized 24 PWR assembly basket (24E / 24EF) 

* a 32 PWR assembly basket 

* a 68 BWR assembly basket.  

For all four basket designs, the -same techniques -and the-same level of detail are used in the 
calculational models. 

Full three-dimensional calculations were used, assuming the axial configuration shown in Figure 
6.3.7. Although the Beiafixed neutron absorber panels are 156 inches in length, which is much 
longer than the active ftiel length (maximum of 150 inches), they'are assumed equal to or less 
than the active fuel length in the calculations. As shown on the Drawings in Section 1.5, 16 of 
the 24 periphery e-a-ffIxed neutron absorber panels on the MPC-24 and MPC-24E/EF have 
reduced width (i.e., 6.25 inches wide 'as opposed to 7.5 inches). However, ithe 'calculational 
models for these baskets conservatively assume all of the periphery Be*-atfixed neutrou absorber 
panels are 6.25 inches in width. Note that Figures 6.3.1 through 6.3.3 show' Boral as the fixed 
neutron absorber. The effect of using: Metamic as fixed neutron absorber is discussed in 
Subsection 6.4.11. -

The off-normal'and accident conditions defined in Chapter 2 and consideied in' Chapter 11 have 
rio adverse effect on the design conditions important to criticality safety (see' Subsection 6.4.2.5), 

-and thus 'from'a criticality standpoint;' the norinal, off-normal,' and accideint conditions' are 
identical and do not require individual models. ' 

The calculational miiodel "explicitly defines tie 'fuel rods' and 'cladding, the guide tubes (or water 
rods for BWR assemblies), the water-gaips and B-•-fixed neutron' absorbe6r panels' on the 
stainless steel ivalls of the storage cells., Under the conditions of storage, when the MPC is dry, 
the resultant reactivity -with the design"'basis 'fuel is •zery low (kffr < 0.52Y. For the flooded 
condition (loading and unloading), pure, unborated water was assumed to be ptresent in' the fuel 
rod pellet-to-clad gaps. Appendix 6.D provides sample input files for two of the MPC basket 
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designs (MPC-68 and MPC-24) in the HI-STORM 100 System.

The water thickness above and below the fuel is intentionally maintained less than or equal to the 
actual water thickness. This assures that any positive reactivity effect of the steel in the MPC is 
conservatively included.- Furthermore, the water above and below the fuel is modeled as 
unborated water, even when borated water is present in the fuel region.  

As indicated in Figures 6.3.1 through 6.3.3 and in Tables 6.3.1 and 6.3.2, calculations were made 
with dimensions assumed to be at their most conservative' value with respect to criticality.  
CASMO-3 and MCNP4a were used to determine the direction of the manufacturing tolerances, 
which produced the most adverse effect on criticality. After the directional effect (positive effect 
with an increase in reactivity; or negative effect with a decrease in reactivity) of the 
manufacturing tolerances was determined, the criticality analyses were performed using the worst 
case tolerances in the direction which would increase reactivity.  

CASMO-3 was used for one of each of the two principal basket designs, i.e. for the flux trap 
design MPC-24 and for the non-fluxtrap design MPC-68. The effects are shown in Table 6.3.1 
which also identifies the approximate magnitude of the tolerances on reactivity. Generally, the 
conclusions in Table 6.3.1 are directly applicable to the MPC-24E/EF and the MPC-32.  
Exceptions are the conclusions for the water temperature and- void percentage, which are not 
directly applicable to the MPC-32 due to the presence of high soluble boron concentrations in 
this canister. This condition is addressed in Section 6.4.2.1 where the optimum moderation is 
determined for the MPC-32.  

Additionally, MCNP4a calculations are performed to evaluate the tolerances of the various 
basket dimensions of the MPC-68, MPC-24 and MPC-32 in further detail. The various basket 
dimensions are inter-dependent, and therefore cannot be individually varied (i.e., reduction in one 
parameter requires a corresponding reduction or increase in another parameter). Thus, it is not 
possible to determine the reactivity effect of each individual dimensional tolerance separately.  
However, it is possible to determine the reactivity effect of the dimensional tolerances by 
evaluating the various possible dimensional combinations. To this end, an evaluation of the 
various possible dimensional combinations was performed using MCNP4a. Calculated k~ff results 
(which do not include the bias, uncertainties, or calculational statistics), along with the actual 
dimensions, for a number of dimensional combinations are shown in Table 6.3.2 for the 
reference PWR and BWR assemblies. Each of the basket dimensions are evaluated for their 
minimum, nominal and maximum values from the Drawings of section 1.5. For PWR MPC 
designs, the reactivity effect of tolerances with soluble boron present in the water is additionally 
determined. Due to the close similarity between the MPC-24 and MPC-24E, the basket 
dimensions are only evaluated for the MPC-24, and the same dimensional assumptions are 
applied to both MPC designs.  
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Based on the MCNP4a and CASMO-3 calculations, the conservative dimensional assumptions 
listed in Table 6.3.3 were determined. Because the reactivity effect (positive or negative) of the 
manufacturing tolerances are not assembly dependent, these dimensional assumptions were 
employed for the criticality analyses.  

As demonstrated in this section, design 'parameters important to criticality safety are: fuel 
enrichment, the inherent geometry of the fuel basket structure, the fixed neutron absorbing panels 
(r-,, and the soluble boron concentration in the -water during loadinglunloading operations. [ 
As shown in Chapter 11, none of these parameters are affected during any of the design basis off
normal or accident conditions involving handling, packaging, transfer or storage.  

6.3.2, Cask Regional Densities 

Composition of the various components of the principal designs of the HI-STORM 100 System 
are listed in Table 6.3.4.  

The HI-STORM 100 System is designed such that the fixed neutron absorber (Befalwill remain I 
effective for a storage period greater than 20 years, and there are no credible means to lose it. A 
detailed physical description, historical applications, unique characteristics, service experience, 
and manufacturing quality assurance of Be•alfixed neutron 'absorber are provided in Section 1.2.1.3.1 ...  

The continued efficacy of the Be•a-fixed neutron absorber is assured by acceptance testing, 
documented in Section 9.1.5.3, to validate the 10B (poison) concentration in-the Befjafixed 
neutron absorber. To demonstrate that the neutron flux from the irradiated fuel results in a 
negligible depletion of the poison material over the storage period; an MCNP4a calculation of the 
number of neutrons absorbed in the 10B was performed. -The calculation'conservatively assumed 
a constant -neutron source for 50 years equal to -the initial source for the design basis fuel, as 
determined in Section 5.2, and shows that the fraction of 10B atoms destroyed' is only 2.6E-09 in 
50 years. Thus, the reduction in 10B concentration in the Beratfixed neutron absorber by neutron 
absorption is negligible. In addition, analysis in.Appndix 3.N..1 .f.th . STAR 1.00 FSA..the 
results presented in Subsection 3.4.4.3.1.8 demonstrates that the sheathing, which affixes the 
BEfe-fixed neutron absorber panel, remains in place during__al credible accident conditions, and 
thus, the Bef1fixed neutron absbrber panel remains permanently fixed. Therefore, in accordance 
with 1OCFR72.124(b), there is no need to provide a surveillance or monitoring programto verify 
the continued efficacy of the neutron absorber. r 
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Table 6.3.1

CASMO-3 CALCULATIONS FOR EFFECT OF TOLERANCES AND TEMPERATURE

Reduction (or increase) in a parameter indicates that the parameter is changed to its minimum (or maximum) value.  

Calculations for the MPC-24 were performed with CASMO-4 [6.3.1-6.3.3].  
The Bemfixed neutron absorber width for the MPC-68 is 4.75" +0.125", -0", the Beftafixed neutron absorber widths for the 
MPC-24 are 7.5" +0.125", -0" and 6.25" +0.125" -0" (i.e., the nominal and minimum values are the same).

HI-STORUM FSAR 

REPORT'HI-2002444
Proposed Rev. 2A

6.3-4

C Q. C

Ak for Maximum Tolerance 

Change in Nominal 
Parametert MPC-241 MPC-68 Action/Modeling Assumption 

Reduce Beot4Fixed Neutron N/Attt N/Attt Assume minimum Berfafixed 
Absorber Width to Minimum min.= min. = nom. = 4.75" neutron absorberwidth 

nom.= 7.5" and 6.25" 
Increase UO 2 Density to Maximum +0.0017 +0.0014 Assume maximum U0 2 density 

max. = 10.522 g/co max. = 10.522 g/cc 
nom. = 10.412 g/cc nom. = 10.412 g/cc 

Reduce Box Inside -0.0005. Assume maximum box I.D. for the 
Dimension (I.D.) to Minimum min.= 8.86" See Table 6.3.2 MPC-24 

nom. = 8.92" 
Increase Box Inside +0.0007 -0.0030 Assume minimum box I.D. for the 
Dimension (I.D.) to Maximum max. = 8.98" max. = 6.113" MPC-68 

nom. = 8.92" nom. = 6.053" 
Decrease Water Gap to Minimum +0.0069 Assume minimum water gap in the 

min. 1.09" N/A MPC-24 
nom. = 1.15"

t 

t 
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CASMO-3 CALCULATIONS FOR EFFECT OF TOLERANCES AND TEMPERATURE

Ak Maximum Tolerance 

Change in Nominal 
Parameter MPC-24__ MPC-68 _. Action/Modeling Assumption 

Increase in Temperature Assume 20°C 

200C" Ref. Ref.  

"400C -0.0030 -0.0039 
700C -0.0089 -0.0136 
1O0 °C -0.0162 -0.0193 

10% Void in Moderator Assume no void' 

20'C with no void Ref. Ref. 
200C -0.0251 :0.0241, 
1000C -0.0412 1-0.0432.  

Removal of Flow Channel (BWR) N/A -0.0073 - Assume flow, channel present for 
_ __ _MPC-68 

e-6 

$ Calculations for the MPC-24 were performed with CASMO-4 [6.3.1-6.3.3].!-
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Table 6.3.2 

MCNP4a EVALUATION OF BASKET MANUFACTURING TOLERANCESt U

MCNP4a 
Calculated 

Pitch Box I.D. Box Wall Thickness ke 

MPC-24tt (17xl7A01 @ 4.0% Enrichment) 

nominal (10.906") maximum (8.98") nominal (5/16") 0.93 25 ±0.0 00 8ttt 

minimum (10.846") nominal (8.92") nominal (5/16') 0.9300_+0.0008 

nominal (10.906") nom. - 0.04" (8.88") nom. + 0.05" (0.3625") 0.9305±+0.0007 

MPC-68 (8x8C04 @ 4.2% Enrichment) 

minimum (6.43") minimum (5.993") nominal (1/4") 0.9307±0.0007 

nominal (6.49") nominal (6.053") nominal (1/4") 0.9274±0.0007 

maximum (6.55") maximum (6.113") nominal (1/4") 0.9272±0.0008 

nom. + 0.05" (6.54") nominal (6.053") nom. + 0.05" (0.30") 0.9267_+0.0007 

Notes: 

1. Values in parentheses are the actual value used.  

Tolerance for pitch and box I.D. are ± 0.06".  
Tolerance for box wall thickness is +0.05", -0.00".  

TT All calculations for the MPC-24 assume minimum water gap thickness (1.09").  

ttf Numbers are la statistical uncertainties.
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Table 6.3.2 (cont.)

MCNP4a EVALUATION OF BASKET MANIFACTURING TOLERANCESt 

MCNP4a 
-. . Calculated• 

Pitch Box I.D. Box Wall Thickness keff 

MPC-24 (17x17A @ 5.0% Enrichment) 400ppm soluble boron 

nominal (10.906") maximum (8.98") nominal (5/16") 0.9236±0.0007tt 

maximum (10.966") maximum (8.98") nominal (5/16") 0.9176+0.0008 

minimum (10.846") nominal (8.92") nominal (5116") 0.9227±0.0010 

minimum (10.846") minimum (8.86")- nominal '(5/16")- 0.9159±0.0008 

nominal (10.906") nominal-0.04" (8.88") nom.+0.05" (0.3625") 0.9232_+0.0009 

nominal (10.906") nominal (8.92") nominal (5/16") 0.9158±+0.0007 

IVPC-32 (17x17A @ 5.0% Enrichment) 2600 ppm soluble boron 
minimum (9.158") -- minimum - (8.69") nominal (9/32'" 0.9085+0.0007 

nominal (9.2 18") nominal (8.75") nominal (9/32") 0.9028±0.0007 

maximum (9,278") maximum (8.81") nominal (9/32") 0.8996_+0.0008 

nominal+0.05" (9.268") nominal (8.75") nominal+0.05" (0.331") 0.9023±0.0008 

minimum+0.05"(9.208") minimum (8.69") nominal+0.05" (0.331") 0.9065±+0.0007 

maximum (9.278") Maximum-0.05" (8.76") nominal+0.05" (0.331") 0.9030±-0.0008 

Notes: 

1. Values in parentheses are the actual value used.  

I Tolerance for pitch and box I.D. are ± 0.06".  
Tolerance for box wall thickness is +0.05", -0.00".  
Numbers are I( statistical uncertainties.
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Table 6.3.3

BASKET DIMENSIONAL ASSUMPTIONS
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Box Wall Water-Gap 

Basket Type Pitch Box I.D. Thickness Flux Trap 

MPC-24 -nominal maximum nominal minimum 

(10.906") (8.98") (5/16") (1.09") 

MPC-24E nominal maximum nominal minimum 

(10.847") (8.81", (5/16") (1.076", 
9.11" for DFC 0.776" for DFC 

Positions) Positions) 

MPC-32 Minimum Minimum Nominal N/A 

(9.158") (8.69") (9/32") 

MPC-68 minimum Minimum nominal N/A 

(6.43") (5.993") (1/4")



Table 6.3.4

COMPOSITION OF THE MAJOR COMPONtNTS OF THE HI-STORM 100 SY.STEM 

_MPC-24,MPC-24E ind MPC-32 

U0 2 5.0% ENRICHMENT, DENSITY (glcc) 10.522 

Nuclide Atom-Density Wgt:.Fraction 

8016 4.696E-02 1.185E-01 

- 92235 1.188E-03. 4.408E-02 

92238 2.229E-02 8.374E-01 

"UO2'4.0% ENRICHMENT, DENSITY (g/cc) =:10.522 

-Nuclide Atom-Density -Wgt. Fraction 

8016 4.693E-02- 1.185E-01 

92235 9.505E-04 3.526E-02 

92238 2.252E-02 8A462E-01 

BORAL (0.02 g ' 0B/cm sq), DENSITY (g/cc) =-2.660 (MPC-24) 

Nuclide -Atom-Dengity . Wgt. Fraction 

5010 8.707E-03 5.443E-02 

5011 3.512E-02 2.414E-01 

6012 1.095E-02 8.210E-02 

13027 3.694E-02 6.222E-01 

BORAL (0.0279 g '0B/cm sq), DENSITY (g/cc) = 2.660 
(MPC-24E and MPC-32) 

Nuclide Atom-Density Wgt. Fraction 

5010 8.071E-03 5.089E-02 

5011 3.255E-02 2.257E-01 

6012 1.015E-02 7.675E-02 

13027 3.805E-02 6.467E-01
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Table 6.3.4 (continued)

COMPOSITION OF THE MAJOR COMPONENTS OF THE HI-STORM 100 SYSTEM
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ME TAMI C (0.02 g B/cm sq.), DENSITY (g/cc) = 2.648 (MPC-24)

Nuclide Atom-Density Wgt. Fraction 

5010 6.314E-03 3.965E-02 

5011 2.542E-02 1.755E-01 

6012 7.932E-02 5.975E-02 

- 13027 4.286E-02 7.25JE-01 

METAMIC (0. 0279 g 10B/cm sq), DENSITY (g/cc) = 2.646 
(AfPC-24E and MPC-32) 

Nuclide Atom-Density Wgt. Fraction 

5010 6.541E-03 4.310E-02 

5011 2.633E-02 1.819E-01 

6012 8.217E-03 6.193E-02 

13027 4.223E-02 7.15JE-01



Table 6.3.4 (continued)

COMPOSITION OF THE MAJOR COMPONENTS OF THE HI-STORM '100 SYSTEM

BORATED WATER, 300 PPM, DENSITY (g/cc)=1.00,.

- Nuclide -Atom-Density _ Wt. Fraction 

5010 3.248E-06 5.400E-05 

"5011 "1.346E-05 2.460E-04 

"-1001 6.684E-02 1.1186E-01 

"8016 '3.342E-02 8.8784E-01 

BORATED WATER, 400PPM, DENSITY (g/cc)=1.00 

Nuclide Atom-Density Wgt. Fraction 

-5010 -,4.330E-06 7.200E-05 

,5011 1.794E-05 3.286E-04 
-1001 6.683E-02 1 .11i85E-01.  

8016 3.341E-02 - -. .'8.8775E-01 ' 

BORATED WATER, 1900PPM, DENSITY (g/cc)=1.oo _ 

''Nuclide Atom-Den'sity Wgt.'Fiaction 

5010 2.057E-05 3."420E-04 

5011 8.522E-05 -1.558E-03 

1001 6.673E-02 1.1169E-01 

8016 3.336E-02 8.8641E-01 

BORATED WATER,-2600PPM, DENSITY (g/cc)=0.93 

Nuclide Atomie-Density . Wgt.Fraction.  

5010 2.618e-05 4.680E-04 

5011 1.085e-04 2.132E-03 

1001 6.201e-02 1.1161E-01 

8016 3.101 e-02 8.8579E-01
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REPORT HI-2002444 6.3-11 1



Table 6.3.4 (continued)

COMPOSITION OF THE MAJOR COMPONENTS OF THE HI-STORM 100 SYSTEM 

MPC-68 

U0 2 4.2% ENRICHMENT, DENSITY (g/cc) = 10.522 

Nuclide Atom-Density Wgt. Fraction 

8016 4.697E-02 1.185E-01 

92235 9.983E-04 3.702E-02 

92238 2.248E-02 8.445E-01 

U0 2 3.0% ENRICHMENT, DENSITY (g/cc) = 10.522 

Nuclide Atom-Density Wgt. Fraction 

8016 4.695E-02 1.185E-01 

92235 7.127E-04 2.644E-02 

92238 2.276E-02 8.550E-01 

,,MOX FUELt, DENSITY (g/cc) = 10.522 

Nuclide Atom-Density Wgt. Fraction 

8016., 4.714E-02 1.190E-01 

92235 1.719E-04 6.380E-03 

92238 2.285E-02 8.584E-01 

94239 3.876E-04 1.461E-02 

94240 9.177E-06 3.400E-04 

94241 - 3.247E-05 1.240E-03 

94242 2.118E-06 7.000E-05

t The Pu-238, which is an absorber, was conservatively neglected in the MOX description 
for analysis purposes.
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- 'Table 6.3.4 (conrtinued)

COMPOSITION OF THE MAJOR COMPONENTS OF THE HI-STORM 100 SYSTEM'

BORAL (0.0279 g 0B/fcm sq), DENSITY (g/cc) = 2.660 

Nuclide Atom-Density Wgt. Fraction 

",,5010 8.071E-03 5.089E-02

'5011 3.255E-02 2.257E-01 

6012 1.015E-02 7.675E-02 

13027 ý_3.805E-02 6.467E-01 

METAMIC (0.02 79 g 10B/cm sq), DEASITY (g/cc) = 2.646 

Nuclide Atom-Density Wgt. Fraction 

-5010 6.541E-03 4.110E-02 

5011 2.633E-02 1.819E-01 

6012 8.217E-03 6.193E-02 

13027 4.223E-02 7.15]E-01 

FUEL IN THORIA RODS, DENSITY (g/cc) = 10.522 

Nuclide Atom-Density Wgt. Fraction 

&M408016 4.798E-02 1.212E-01 

501492235 4.001E-04 1.484E-02 

604-292238 2.742E-05 1.030E-03 

4302-790232 2.357E-02 8.630E-01 

COMMON MATERIALS 

ZR CLAD, DENSITY (g/cc) = 6.550 

Nuclide Atom-Density Wgt. Fraction 

40000 4.323E-02 1.000E+00 

MODERATOR (H20), DENSITY (g/cc) = 1.000 

Nuclide Atom-Density Wgt. Fraction 

1001 6.688E-02 1.119E-01 

8016 3.344E-02 8.881E-01
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Table 6.3.4 (continued)

COMPOSITION OF THE MAJOR COMPONENTS OF THE HI-STORM 100 SYSTEM
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STAINLESS STEEL, DENSITY (g/cc) = 7.840 

Nuclide Atom-Density Wgt. Fraction 

.24000 1.761E-02 1.894E-01 

25055 1.761E-03 2.001E-02 

26000 5.977E-02 6.905E-01 

28000 8.239E-03 1.000E-01 

ALUMINUM, DENSITY (g/cc) = 2.700 

Nuclide Atom-Density Wgt. Fraction 

13027 6.026E-02 1.000E+00

J



Table 6.3.4 (continued)

COMPOSITION OF THE MAJOR COMPONENTS OF THE HI-STORM 100 SYSTEM

Nuclide Atom-Density Wgt. Fraction 

1001 8.806E-03 6.OOOE-03 

8016 4.623E-02 5.000E-01 

11000 1.094E-03 1.700E-02 

13027 2.629E-04 4.800E-03 

14000 1.659E-02 3.150E-01 

19000 7.184E-04 1.900E-02 

20000 3.063E-03 8.300E-02 

26000 3.176E-04 1.200E-02 

LEAD, DENSITY (g/cc) = 11.34 

Nuclide Atom-Density Wgt. Fraction 

82000 3.296E-02 1.0 

HOLTITE-A, DENSITY (g/cc) = 1.61 

1001 5.695E-02 5.920E-02 

5010 1.365E-04 1.410E-03 

5011 5.654E-04 6.420E-03 

6012 2.233E-02 2.766E-01 

7014 1.370E-03 1.980E-02 

8016 2.568E-02 4.237E-01 

13027 7.648E-03 2.129E-01
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CRITICALITY CALCULATIONS

6.4.1 Calculational or Experimental Method 

6.4.1.1 Basic Criticality Safety Calculations 

The principal method for the criticality analysis is the. general 'three-dimensional continuous 
energy Monte Carlo N-Particle code MCNP4a [6.1.4] developed at the Los Alamos National 
Laboratory. MCNP4a was selected because it has been extensively used and verified and has all 
of the necessary features for this analysis. MCNP4a calculations used continuous energy cross
section data based on ENDF/B-V, as distributed-with the code [6.1.4]. Independent verification 
calculations were performed -with NITAWL-KENO5a [6.1.5], which is a three-dimensional 
multigroup Monte Carlo code developed at the Oak Ridge National Laborhtory. The KENO5a 
calculations used the 238-group cross-section library; which is based on ENDF/B-V data and is 
distributed as part of the SCALE-4.3 package [6.4.1], in association with the NITAWL-II 
program [6.1.6], which adjusts the uranium-238 cross sections to compensate for resonance self
shielding effects. -The Dancoff factors required by NITAWL-II were 'calculated with the 
CELLDAN code [6.1.13], which includes the SUPERDAN code [6.1.7] as a subroutine.  

The convergence of a Monte Carlo criticality problem is sensitive to the following parameters: 
(1) number of histories per cycle, (2) the number of cycles skipped before averaging, (3) the total 
number of cycles and (4) the initial source distribution. The MCNP4a criticality output contains 
a great deal of useful information that may be used to determine the acceptability of the problem 
convergence. This information was used in parametric studies to develop appropriate values for 

,the aforementioned criticality parameters to be used in the criticality calculations for this 
submittal. Based on these studies, a minimum of 5,000 histories were simulated per cycle, a 
minimum of 20 cycles were skipped before averaging, a minimum of 100 cycles were 
accumulated, and the initial source was specified as uniform over the fueled regions (assemblies).  
Further, the output was examined to ensure that each calculation achieved acceptable 
convergence., These parameters represent an acceptable compromise between calculational 
precision and computational time. Appendix 6.D provides sample input files for the MPC-24 and 
MPC-68 basket in the HI-STORM 100 System., 

CASMO-3 [6.1.9] was used for -determining the -small incremental reactivity effects ,of 
manufacturing tolerances. ,Although CASMO-3 has' been extensively benchmarked, these 
calculations are used only to establish directionWof reactivity uncertainties due to manufacturing 
tolerances (and their magnitude). This allows the MCNP4a calculational model to use the worst 
combination of manufacturing tolerances. •Table 6.3.1 shows results of the CASMO-3 
calculations.  
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Fuel Loading or Other Contents Loading Optimization

The basket designs are intended to safely accommodate fuel with enrichments indicated in Tables 
6.1.1 through 6.1.8 . These calculations were based on the assumption that the HI-STORM 100 
System (HI-TRAC transfer cask) was fully flooded with clean unborated water or water 
containing specific minimum soluble boron concentrations. In all cases, the calculations include 
bias. and calculational uncertainties, as well as the reactivity effects of manufacturing tolerances, 
determined by assuming the worst case geometry.  

Nominally, the fuel assemblies would be centrally positioned in each MPC basket cell. However, 
in accordance with NUREG-1536, the consequence of eccentric positioning was also evaluated, 
and is discussed in more detail in Section 6.4.12. The evaluations show a small increase in 
reactivity when all assemblies in the MPC-32 are assumed to be moved towards the center of the 
basket. All other cases evaluated result in a decrease in reactivity, and the maximum keff is below 
the regulatory limit. Overall, the effect of eccentric positioning is therefore negligible., ad feadnd 
to be negligible. Toe sim~ulatcecceentric positioning (and possible closer- approeach to the AIPC 
steel shield), calculations were pefformed oaal!ýieally decr-easing the imer- r-adius until it was I 
em iawayiý from the nearest fuel. Results showed a minor inrease in r-eactivity of 0.0026'Ak 
mffi-imumn (MPG 68) w~hich implies that the effcct of eccentrie location of fuel is negligible atth 
actual r-efletrpaig

6.4.2.1 Internal and External Moderation 

As required by NUREG-1536, calculations in this section demonstrate that the HI-STORM 100 
System remains subcritical for all credible conditions of moderation.  

6.4.2.1.1 Unborated Water 

With a neutron absorber present (i.e., the Be-alfixed neutron absorber sheets or the steel walls of I 
the storage compartments), the phenomenon of a peak in reactivity at a hypothetical low 
moderator density (sometimes called "optimum" moderation) does not occur to any significant 
extent. In a definitive study, Cano, et al. [6.4.2] has demonstrated that the phenomenon of a peak 
in reactivity at low moderator densities does not occur in the presence of strong neutron 
absorbing material or in the absence of large water spaces between fuel assemblies in storage.  
Nevertheless, calculations for a single reflected cask were made to confirm that the phenomenon 

PNL critical experiments have shown a small positive reactivity effect of thick: steel 

reflectors, with the maximum effect at 1 cm distance from the fuel. In the cask designs, the 
fuel is mechanically prohibited from being positioned at a 1 cm spacing from the overpack 
steel.  
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does not occur with low density water inside or outside the casks.

Calculations for the MPC designs with internal anrd external moderators of various densities are 
shown in Table 6.4.1. For comparison purposes, a calculation for a single unreflected cask (Case 
1) is also included in Table 6.4.1. At 100% external moderator density, Case 2 corresponds to a 
single fully-flooded cask, fully reflected by water. Figure 6.4.10'plots calculated kef values ('2a) 
as a function -of internal moderator density for both MPC designs with 100% external moderator 
density (i.e., full water reflection). Results listed in Table 6.4.1 support the& following 
conclusions: 

For each type of MPC, the calculated keff for a fully-flooded cask is independent of the 
external moderator (the small variations in the listed values are due to statistical 
uncertainties which are'inherent to the calculational method (Monte Carlo)), and 

For each type of MPC, reducing the-internal moderation results in a monotonic reduction 
in reactivity, with no evidence of any, optimum moderation. Thus, the fully flooded 
condition corresponds to the highest reactivity, and the phenomenon of optimum low
density moderation does not occur and is not applicable to the HI-STORM 100 System.  

For each of the MPC designs, the maximum klf values are shown to be' less than or statistically 
equal to that of a single internally flooded unreflected cask and ai'e below the regulatory limit of 
0.95.  

6.4.2.1.2 Borated Water 

With the presence of a soluble neutron absorber in the water, the discussion in the previous 
section is not always applicable. Calculations were made to determine the optimum moderator 
density for the MPC designs that require a minimum soluble boron concentration.  

Calculations for the MPC designs with various internal moderator densities are 9hown in Table 
6.4.6' As sh'own in the previous section, the external moderator density has a negligible effect on 
the reactivity, arid is therefore not varied.- Water containing soluble boron has a slightly higher 
density than pure water. Therefore, water densities up to 1.005 g/cm 3 were analyzed for the 
higher soluble boron concentrations. Additionally, for the higher soluble boron concentrations, 
analysis have been performed with empty (voided) guide tubes. This variation is discussed in 
detail in Section 6.4.8. Results listed in the Table 6.4.6 support the following conclusions: 

For all cases with a solubie boron concentration of up to, 1900ppm, and for a soluble 
bororn concentration of 2600ppm assuming voided guide tubes, the conclusion of the 
Sectioni 6.4.2.1.1 applies, i.e. the maxfimum reactivity is corresponds to 100% moderator 
density.  

HI-STORM FSAR Proposed Rev. 2A

REPORT HI-2002444 6 ý4-3



* For 2600ppm soluble boron concentration with filled guide tubes, the results presented in 
Table 6.4.6 indicate that there is a maximum of the reactivity somewhere between 0.90 
g/cm 3 and 1.00 g/cm 3 moderator density. However, a distinct maximum can not be 
identified, as the reactivities in this range are very close. For the purpose of the 
calculations with 2600ppm soluble boron concentration, a moderator density of 0.93 
g/cm 3 was chosen, which corresponds to the highest calculated reactivity listed in Table 
6.4.6.  

The calculations documented in this chapter also use soluble boron concentrations other than 
1900 ppm and 2600 ppm in the MPC-32/32F. For the MPC-32 loaded with intact'fuel only, 
soluble boron concentrations betiveen 1300 ppm and 2600 ppm are used. For the MPC-32/32F 
loaded with intact fuel, damaged fuel and fuel debris, soluble boron concentrations between 
1500 ppm and 2900 ppm are used. In order to determine the optimum moderation condition for 
each assembly class at the corresponding soluble boron level, evaluations are performed with 
filled and voided guide tubes, and for water densities of 1.0 g/cm3 and 0.93 g/cm3 for each class 
and enrichment level.. Results for the MPC'-32 loaded with intact fuel only are listed in Table 
6.4.10for an initial enrichment of 5.0 wt% 235U and in Table 6.4.11for an initial enrichment of 
4.1 wt% 235U. Corresponding results for the MPC-32/32F loaded with intact fuel, damaged fuel 
and fuel debris are, listed in Table 6.4.14. The highest value listed in these tables for each 
assembly class is listed asý the bounding value in Section 6.1.  

6.4.2.2 Partial Flooding 

As required by NUREG-1536, calculations in this section address partial flooding in the HI
STORM 100 System and demonstrate that the fully flooded condition is the most reactive.  

The reactivity changes during the flooding process were evaluated in both the vertical and 
horizontal positions for all MPC designs. For these calculations, the cask is partially filled (at 
various levels) with fuil density (1.0 g/cc) water and the remainder of the cask is filled with 
steam consisting of ordinary water at partial density (0.002 glcc), as suggested in NUREG-1536.  
Results of these calculations are shown in Table 6.4.2. In all cases, the reactivity increases 
monotonically as the water level rises, confirming that the most reactive condition is fully 
flooded.  

6.4.2.3 Clad Gap Flooding 

As required by NUREG-1536, the reactivity effect of flooding the fuel rod pellet-to-clad gap 
regions, in the fully flooded condition, has been investigated. Table 6.4.3 presents maximum krf 
values that demonstrate the positive reactivity effect associated with flooding the pellet-to-clad 
gap regions. These results coiifirm that it is conservative to assume that the pellet-to-clad gap 
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regions are flooded. For 'all cases that involve flooding,' the pellet-to-clad gap -regions are 
assumed to be flooded 'vith clean, unborated water.  

6.4.2.4 Preferential Flooding 

Two different potential conditions of preferiential flooding aie considered: preferential flooding 
of the MPC basket itself (i.e. different water levels in different basket cells)," and preferential 
flooding involving Damaged Fuel Containers.  

Preferential flooding of the MPC basket itself for any of the MPC fuel basket designs is not 
possible because flow holes are present on all four walls of each basket cell and on the two flux 
trap walls at both' the top and bottom of the MPC basket. The flow holes are sized to ensure that 
"they cannot be blocked by crud deposits (see Chapter 11). Because the fuel cladding temperatures 
remain'below their design limits (as demonstrated in Chapter'4) and the inertial loading remains 
below 63g's (the inertial loadings associated with the design basis drop accidents discussed in 
Chapter 11 are limited to 45g's), the cladding remains intact (see Section 3.5). For damaged fuel 
assemblies and fuel debris, the assemblies or -debris are pre-loaded into stainless steel Damaged 
Fuel Containers fitted with 250x250 fine "Mesh screens which prevent damaged 'fuel assemblies 
or fuel debris from blocking the basket flow holes. Therefore, 'the flow holes cannot be blocked.  

However, when DFCs are present in the MPC, a condition could exist'during' the draining -of the 
MPC, where the DFCs are still partly filled with water while the remainder of the MPC is dry.  
This condition would be the result of the water tension across the mesh screens. The maximum 
water level inside the DFCs' for this condition is calculated from the dimensions of the mesh 

'screen and the surface tension of water. The wetted perimeter of the screen openings is 50 ft per 
square inch of screen. With a surface tension of water of 0.005 lbf/ft, this results in a maximum 
pressure across the screen of 0.25 psi, corresponding to a maximum water height in the DFC of 7 
inches. For added conservativism, a value 'of 12 inches is used. As'uming -'this condition, 
calculations are performed for all three possible DFC configurations: 

"* MPC-68 or MPC-68F with 68 DFCs (Assembly Classes 6x6A/B/C, 7x7A and 8x8A) 
"* MPC-68 or MPC-68FF with 16 DFCs (All BWR Assembly Classes) 
"* MPC-24E or MPC-24EF with 4 DFCs (All PWR Assembly Classes) 
"• MPC-32 or MPC-32F with 8 DFCs (All PWR Assembly Classes), 

For each configuration, the case resulting in the highest maximum kff -for the .fully flooded 
condition (see 'Section 6.4.4) is re-analyzed assuming the' preferential flooding condition. For 
these analyse's, the lower 12, inches of the active fuel in the DFCs and the water region below the 
active fuel (see Figure 6.3.7) are filled with fill density water,(1.0 g/cc). The remainder of the 
cask is filled with steaAmi consisting of ordinary water'at partial I density (0.002 g/cc). Table 6.4.4 
lists the maximum kff for the thfeefour configurations in comparison with the maximum keff for 

HI-STORM FSAR Proposed Rev. 2A

REPORT HI-2002444 6.*4-'5



the fully flooded condition. For all configurations, the preferential flooding condition results in a 
lower miaxiimum kff than the fully flooded condition. Thus, the preferential flooding condition is 
bounded by the fully flooded condition.  

Once established, the integrity of the MPC confinement, boundary is maintained during all 
credible off-normal and accident conditions, and thus, the MPC cannot be flooded. In summary, 
it is concluded that the MPC fuel baskets cannot be preferentially flooded, and that the potential 
preferential flooding conditions involving DFCs are bounded by the result for the fully flooded 
condition listed in Section 6.4.4.  

6.4.2.5 Design Basis Accidents 

The analyses presented in Chapters 3 and 11 demonstrate that the damage resulting from the 
design basis accidents is limited to a loss of the water jacket for the HI-TRAC transfer cask and 
mino6i damage to the concrete radiation shield for the HI-STORM storage cask, which have no 
adverse effect on the design parameters important to criticality safety.  

As reported in Chapter 3, Table 3.4.4, the minimum factor of safety for either MPC as a result of 
the hypothetical cask drop or tip-over accident is 1.1 against the Level D allowables for 
Subs~ction NG, Section Ill of the ASME Code. Therefore, because the maximum box wall 
stresses are well within the ASME Level D allowables, the flux-trap gap change will be 
insignificant compared to the characteristic dimension of the flux trap.  

In summary, the design basis accidents have no adverse effect on the design parameters 
important to criticality safety, and therefore, there is no increase in reactivity as a result of any of 
the credible off-norma'l or accident conditions involving handling, packaging, transfer or storage.  
Consequently, the HI-STORM 100 System is in full compliance with the requirement of 
1OCRF72.124, which states that "before a nuclear criticality accident is possible, at least two 
unlikely, independent, and concurrent or sequential changes have occurred in the conditions 
essential to nuclear criticality safety." 

6.4.3 Criticality Results 

Results of the design basis criticality safety calculations for the condition of full flooding with 
water (limiting cases) are 'presented in section 6.2 and summarized in Section 6.1. To 
demonstrate the applicability of the HI-STAR analyses, results of the design basis criticality 
safety calculations for the HI-STAR cask (limiting cases) are also summarized in Section 6.1 for 
comiparison. These data confirm 'that for each of the candidate fuel types and basket 
configurations the effective multiplication factor (k.n), including all biases and uncertainties at a 
95-percent confidence level, do not exceed 0.95 under all credible normal, off-normal, and 
accident conditions.  
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Additional calculations (CASMO-3) at elevated temperatures confirm that the temperature 
coefficients of reactivity are negative as shown'in Table 6.3.1. This confirms that the calculations 
for the storage baskets are conservative.  

In calculating the maximum reactivity, the' analysis used the following equation: 

-x k,mffa= k, + Kooao + Bias + 

where: 
: k, is the calculated kerr under the worst combination of tolerances; 
= K& is the K multiplier for a one-sided statistical tolerance limit with 95% probability at 

the 95% confidence level [6.1.8]. Each' final kdff value, calculated by MCNP4a (or 
KENO5a) is the result of averaging 100 (or more) cycle ker values, and thus, is based on 
a sample size of 100. The K multiplier, corresponding to a sample size of 100 is 1.93.  

"However, for this analysis a value of 2.00 was assumed for the K multiplier, which is 
larger (more conservative) than the value corresponding to a sample size of 100; 

=> o- is the standard deviation of the calculated kerr, as determined by the computer code 
(MCNP4a or KENO5a); 

=> Bias is the systematic error in the calculations (code dependent) determined by 
comparison with critical experiments in Appendix 6.A; and 

= o' is the standard error of the bias (which includes the K multiplier for 95% probability 
at the 95% confidence level; see Appendix 6.A).  

The critical experiment benchmarking and the derivation of the bias and standard error of the 
bias (95% probability at the 95% confidence level) are presented in Appendix 6.A.  

6.4.4 Damaged Fuel and Fuel Debris 

Damaged fuel assemblies and fuel debris are required to be loaded into Damaged Fuel Containers 
(DFCs) prior to being loaded into the MPC. Feur-(4)Five (5) different DFC types with different 
cross sections are analyzed. Three (3) of these DFCs are designed for BWR fuel assemblies, one 
(-l-)-istwo (2) are designed for PWR fuel assemblies. Two of the DFCs -for BWR fuel are 
specifically designed for fuel assembly classes 6x6A, 6x6B,.6x6C, 7x7A and 8x8A. These 
assemblies have a smaller cross section, a shorter active length and a low initial,enrichment of 
2.7 wt% 235U, and therefore a low reactivity. The analysis for these assembly classes is presented 
in the following Section 6.4.4.1. The remaining twethree DFCs are generic DFCs designed for I 
all BWR and PWR assembly classes. The criticality analysis for these generic DFCs is presented 
in Section 6.4.4.2.  
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6.4.4.1 MPC-68, MPC-68F or MPC-68FF loaded with Assembly Classes 6x6A, 6x6B, 
6x6C, 7x7A and 8x8A 

This section only addresses criticality calculations and results for assembly classes 6x6A, 6x6B, 
6x6C, 7x7A and 8x8A, loaded into the MPC-68, MPC-68F or MPC-68FF. Up to 68 DFCs with 
these assembly classes are permissible to be loaded into the MPC. Two different DFC types with 
slightly different cross-sections are analyzed. DFCs containing fuel debris must be stored in the 
MPC-68F or MPC-68FF. DFCs containing damaged fuel assemblies may be stored in either the 
MPC-68, MPC-68F or MPC-68FF. Evaluation of the capability of storing damaged fuel and fuel 
debris (loaded in DFCs) is limited to very low reactivity fuel in the MPC-68F. Because the MPC
68 and MPC-68FF have a higher specified 10B loading,- the evaluation of the MPC-68F 
conservatively bounds the storage 'of damaged BWR fuel assemblies in a standard MPC-68 or 
MPC-68FF. Alth6urgh the maximum planar-average enrichment of the damaged fuel is limited to 
2.7% 235U as specified in the Certificate of Compliance, analyses have been made for three 
possible scenarios, conservatively assuming fuel t t of 3.0% enrichment. The scenarios considered 
included the following: 

1. Lost or missing fuel rods, calculated for various numbers of missing rods in order 
to determine the maximum reactivity. The configurations assumed for analysis are 
illustrated in Figures 6.4.2 through 6.4.8.  

2. Broken fuel assembly with the upper segments falling into the lower segment 
creating a close-packed array (described as a 8x8 array). For conservatism, the 
array analytically retained the same length as the original fuel assemblies in this 
analysis. This configuration is illustrated in Figure 6.4.9.  

3. Fuel pellets lost from the assembly and forming powdered fuel dispersed through 
a volume equivialent to the height of the original fuel. (Flow channel and clad 
material assumed to disappear).  

Results of the analyses, shown in Table 6.4.5, confirm that, in all cases, the maximum reactivity 
is well below the regulatory limit. There is no significant difference in reactivity between the two 
DFC types. Collapsed fuel reactivity (simulating fuel debris) is low because of the reduced 
moderation. Dispersed powdered fuel results in low reactivity because of the increase in 238 U 
neutron capture (higher effective resonance integral for 238U absorption).  

The loss of fuel rods results in a small increase in reactivity (i.e., rods assumed to collapse, 
leaving a smaller number of rods still intact). The peak reactiuity occurs for 8 missing rods, and a 
smaller (or larger) number of intact rods will haxe a lower reactivity, as indicated in Table 6.4.5.  

tt 6x6A01 and 7x7A01 fuel assemblies were used as representative assemblies.  
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The analyses performed and summarized in Table* 6.4.5 provides the relaitive magnitude of the 
effects on the reactivity. This information coupled with-the maximum k¢• values listed in Table 
6.1.3 and the conservatism in the analyses, demonstrate that the maximumr'keff of the damaged 
fuel in the most adverse post-accident condition will remain well below' the regulatory 
requirement of kff < 0.95.  

6.4.4.2 Generic BWR and PWR Damaged Fuel and Fuel Debris 

The MPC-24E, MPC-24EF, MPC-32, MPC-32F, MPC-68 and MPC-68FF are designed to 
contain PWR and BWR damaged fuel and fuel debris, loaded into generic DFCs.- The number of 
generic DFCs is limited to 16 for the MPC-68 and MPC-68FF, iand-to 4 for the MPC-24E and 
MPC-24EF, and to 8for the MPC-32 and MPC-32F. The permissible locations of the DFCs are 
shown in Figure 6.4.11 for the MPC-68/68FF, and-in Figure 6.4.12 for the MPC-24E/24EF'and 
in Figure 6.4.16for the MPC-32/32F.  

Damaged fuel assemblies are assemblies with known or suspected cladding defects greater than 
pinholes or hairlines, or with missing rods, but excluding fuel assemblies with gross defects (for 
a full definition see Section 1.1 of the Certificate of Compliance). Therefore, apart from possible 
missing fuel rods, damaged fuel assemblies have the same geometric co€ifiguration as intact fuel 
assemblies and consequently the same reactivity. Missing fuel rods can result in a slight increase 
of reactivity. After a drop accident, however, it can not be assumed that the initial geometric 
integrity is still maintained. For a drop on either the top or bottom ofthe cask, the'damaged fuel 
assemblies could collapse. This would result in a configuration with a reduced length, but 
"increased amount of fuel per unit length. For a side& drop, fuel rods could be compacted to one 
-side of the DFC. In either case, a significant relocation of fuel within theDFC is possible, which 
creates a greater amount of fuel in some areas of the DFC, whereas the amount of fuel in'other 
areas is reduced. Fuel debris can include a large variety of configurations ranging from whole 
fuel assemblies with severe damage down to individual fuel pellets.  

In the cases of fuel debris or relocated damaged fuel, there is the potential that fuel could be 
present in axial sections of the DFCs that are outside the basket height covered with Br-althe 
fixed neutron absorber. However, in these sections, the DFCsI are not surrounded by any intact 
fuel, only by basket cell walls, -non-fuel hardware, water and for the MPC-68/68FF by' a 
maximum of one other DFC. Studies have shown that this condition does not result in any 
significant effect on reactivity, compared to a-condition where the damaged fuel and fuel debris 
is restricted to the axial section of the basket covered by Be-althefixed neutron absorber. All 
calculations for generic BWR and PWR damaged fuel and fuel debris are ,therefor6 performed 
assuming that fuel is present only 'in the axial sections covered by "Beralthe fixed neutron 
absorber, 'and the results 'are'directly applicable to any 'situation whiere'-darmaged fuel and fuel 
debris is located outside these sections in the DFCs.  

HI-STORM FSAR Proposed Rev. 2A

REPORT HI-2002444 6.4 -9



To address all the situations listed above and identify the configuration or configurations leading 
to the highest reactivity, it is impractical to analyze a large number of different geometrical 
configurations for each, of the fuel classes. Instead, a bounding approach is taken which is based 
on the analysis of regular arrays of bare fuel rods without cladding. Details and results of the 
analyses are discussed in the following sections.  

All calculations for generic damaged fuel and fuel debris are performed using a full cask model 
with the maximum permissible number of Damaged Fuel Containers. For the MPC-68 and MPC
68FF, the model therefore contains 52 intact assemblies, and 16 DFCs in the locations shown in 
Figure 6.4.11. For the MPC-24E and MPC-24EF, the model consists of 20 intact assemblies, and 
4 DFCs in the locations shown in Figure 6.4.12. For the MPC-32 and MPC-32, the model 
consists of 24 intact assemblies, and 8 DFCs in the locations shown in Figure 6.4.16. The 
bounding assumptions regarding the intact assemblies and the modeling of the damaged fuel and 
fuel debris in the DFCs are discussed in the following sections.  

Note that since a modeling approach is used that bounds both damaged fuel and fuel debris 
without distinguishing between these two conditions, the term 'damaged fuel'as used throughout 
this chapter designates both damagedfuel andfuel debris.  

6.4.4.2.1 Bounding Intact Assemblies 

Intact BWR assemblies stored together with DFCs are limited to a maximum planar average 
enrichment of 3.7 wt% 235U,;regardless of the fuel class. The results presented in Table 6.1.7 are 
for different enrichments for each class, ranging between 2.7 and 4.2 wt% 235U, making it 
difficult to identify the bounding assembly. Therefore, additional calculations were performed for 
the bounding assembly in each assembly class with a planar average enrichment of 3.7 wt%. The 
results are summarized in Table 6.4.7 and demonstrate that the, assembly classes 9x9E and 9x9F 
have the highest reactivity. These two classes share the same bounding assembly (see footnotes 
for Tables 6.2.33 and 6.2.34 for further details). This bounding assembly is used as the intact 
BWR assembly for all calculations with DFCs.  

Intact PWR assemblies stored together with DFCs in the MPC-24E are limited to a maximum 
enrichment of 4.0 wt% 235U without credit for soluble boron and to a maximum enrichment of 
5. 0 wt% with credit for soluble boron, regardless of the fuel class. The results presented in Table 
6.1.3 are for different enrichments for each class, ranging between 4.2 and 5.0 wt% 235U, making 
it difficult to directly identify the bounding assembly. However, Table 6.1.4 shows results for an 
enrichment of 5.0 wt% for all fuel classes, with a soluble boron concentration of 300 ppm. The 
assembly class 15xl15H has, the highest reactivity. This is consistent with the results in Table 
6.1.3, where the assembly class 15x15H is among the classes with the highest reactivity, but has 
the lowest initial enrichment.-Therefore, in the MPC-24E, the 15xl5H assembly is used as the 
intact PWR assembly for all calculations with DFCs.  
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Intact PWR assemblies stored together with DFCs in the MPC-32 are limited to a maximum 
enrichment of 5.0 wt%, regardless of thefitel class. Table 6.1.5 and Table 6.1.6 shows results for 
enrichments of 4.1 wt% and 5.0 wt%, respectively, for all fuel classes. Since differeni minimum 
soluble boron concentrations are used for different groups of assembly classes, the assembly 
class with the highest reactivity in each group is used as the intact assehblyfor the calculations 
with DFCs in the MPC-32. These assembly classes are 

" J14xJ4Cfor all 14x14 assembly classes; 
"* 15xJ5Bfor assembly classes 15x15A, B, C and G, 
"* 15x15Ffor assembly classes 15x15D, E, F and H; 
* J6xl6A; and 
# 1 7x 7Cfor all I 7x 7 assembly classes.  

6.4.4.2.2 Bare Fuel Rod Arrays 

A conservative approach is used to model both damaged fuel a~nd fuel debris in the DFCs, using 
arrays of bare fuel rods: 

* Fuel in the DFCs is arranged in regular, rectangular arrays of bare fuel rods, i.e. all cladding 
and other structural material in the DFC is replaced by water.  

* For cases with soluble boron, additional calculations are performed with reduced water 
density in the DFC. This is to demonstrate that replacing all cladding and other structural 
material with borated water is conservative.  

" The active length of these rods is chosen to be the maximum active fuel length of all fuel 
assemblies listed in Section 6.2, which is 155 inch for BWR fuel and 150 inch for PWR fuel.  

" To ensure the configuration with optimum moderation and highest reactivity is analyzed, the 
amount of fuel per unit length of the DFC is varied over a large range. This is achieved by 
changing the number of rods in the array and the rod pitch. The number of rods are varied 
between 9 (3x3) and 189 (17x17) for BWRVfuel, and between 64 (8x8) afid 729 (27x27) for 
PWR fuel.  

" Analyses are performed for the minimum, maximum and.typical pellet diameter of PWR and 
BWR fuel.  

This is a very conservative approach to model damaged fuel, and to model fuel debris 
configurations such as severely damaged assemblies and bundles of individual fuel rods, as the 
absorption in the cladding and structural material is neglected.  
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This is also a conservative approach to model fuel debris configurations such as bare fuel pellets 
due to the assumption of an active length of 155 inch (BWR) or 150 inch (PWR). The actual 
height of bare fuel pellets in a DFC would be significantly below these values due to the 
limitation of the fuel mass for each basket position.  

To demonstrate the level of conservatism, additional analyses are performed with the DFC 
containing various realistic assembly configurations such as intact assemblies, assemblies with 
missing fuel rods and collapsed assemblies, i.e. assemblies with increased number of rods and 
decreased rod pitch.  

As discussed in Section 6.4.4.2, all calculations are performed for full cask models, containing 
the maximum permissible number of DFCs together with intact assemblies.  

As an example of the damaged fuel model used in the analyses, Figure 6.4.17 shows the basket 
cell ofan MPC-32 with a DFC containing a 17x1 7 array of bare fuel rods.  

Graphical presentations of the calculated maximum keff for eaehtypical cases as a function of the 
fuel mass per unit length of the DFC are shown in Figures 6.4.13 (BWR) and 6.4.14 (PWR, 
MPC-24E/EF with pure water). The results for the bare fuel rods show a distinct peak in the 
maximum klff at about 2 kg U0 2/inch for BWR fuel, and at about 3.5 kgUO2/inch for PWR fuel.  

The realistic assembly.configurations are typically about 0.01 (delta-k) or more below the peak 
results for the bare fuel rods, demonstrating the conservatism bf this approach to model damaged 
fuel and fuel debris configurations such as severely damaged assemblies and bundles of fuel 
rods.  

For fuel debris configurations consisting of bare fuel pellets only, the fuel mass per unit length 
would be beyond the value corresponding to the peak reactivity. For example, for DFCs filled 
with a mixture of 60 vol% fuel and 40 vol% water the fuel mass per unit length is 3.36 
kgUO 2/inch for the BWR DFC and 7.92 kgUO2/inch for the PWR DFC. The corresponding 
reactivities are significantly below the peak reactivies. The difference is about 0.005 (delta-k) for 
BWR fuel and 0.01 (delta-k) or More for PWR fuel. Furthermore, the filling height of the DFC 
would be less than 70 inches in these examples due to the limitation of the fuel mass per basket 
position, whereas the calculation is conservatively performed for a height of 155 inch (BWR) or 
150 inch (PWR). These results demonstrate that even for the fuel debris configuration of bare 
fuel pellets, the model using bare fuel rods is a conservative approach.  

6.4.4.2.3 Distributed Enrichment in BWR Fuel 

BWR fuel usually has an enrichment distribution in each planar cross section, and is 
characterized by the maximum planar average enrichment. For intact fuel it has been shown that 
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using the average enrichment for each fuel rod in a cross section -is- conservative, i.e. the 
reactivity is higher than calculated for the actual enrichment distribution (See Appendix 6.B). For 
damaged fuel assemblies, additional configurations are analyzed to demonstrate that the 
distributed enrichment does not have a' significant impact on-the reactivity of the 'damaged 
assembly under accident conditions. Specifically, the following two scenarios were analyzed: 

", As a result of an adcident,-fuel rods with l6wei• ehrichment relocate from the top part to the 
bottom part of the assembly. This resultg in an increase of the average enrichment in the top 
part, but at the same time the amount of fuel in that ar•a is're'duced compared to the intact 
assembly.' 

"* As a result 'of an accident, fuel rods with higher enrichment relocate from the top part to the 
bottom part of the assembly. This results in an increase of the average enrichment in the 
bottom part, and at the same time the amount of fuel in'that area is increased comiipared to the 
intact assemblyi; leading to a reduction of the water conient.  

In both scenarios, a compensation of effects on reactivity is possible, as the increaseof reactivity 
due to the increased planar average enrichrfient might be offset by the possible rechiction of 
reactivity du& to the change' in the fuel'to water ratio.' K selected number of calculations have 
been performed for these'scenarios and the results show that there is only a minor change in 
reactivity. These calculations are shown in Figure 6.4:13 in the group'of the explicit assemblies.  
Consequently,- it is appropriate to qualify damaged BWR fuel assemblies'and'fuel debris based 
on the maximum planar average enrichment. For- assemblies' with' missing fuel rods, this 
maximum planar average enrichment has'to be determined based on the enrichment and number 
of rods still 'present in the assembly when loaded into the DFC.  

6.4.4.2.4 Results for MPC-68 and MPC-68FF 

The MPC-68 and MPCz68FF allow's the storage of up'to sixteen DFCs in the shaded cells on the 
-periphery of the basket shown in Figure 6.4.11. In the MPC-68FF, up to 8 of these cells may 
contain DFCs with fuel debris. The various configurations'outlined in Sections 6.4.4.2.2 and 
6.4.4.2.3 are analyzed with an enrichment of the intact fuel of 3.7% 235U and an' enrichment of 
damaged fuel or fuel debris of 4.0% 235U. For the intact assembly, the bounding assembly of the 
9x9E and 9x9F fuel classes was chosen. This assembly has the highest reactivity of all BWR 
assembly classes for the initial enrichment of 3.7 wt% 235U, as demonstrated in Table 6.4.7. The 
results for the various configurations are summarized in Figure-6.4.13 and in Table 6.4.8. Figure 
6.4.13 shows the maximum k1, including bias and calculational unceriiinties, for various actual 
and hypothetical damaged fuel or fuel debris configuirations as a function of the fuel mass per 
unit length of the DFC. Table 6.4.8 lists'the highest maximum k.jt for the various' configurations.  
All maximum keff values are below the 0.95 regulatory limit.  
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Results for MPC-24E and MPC-24EF

The MPC-24E allows the storage of up to four DFCs with damaged fuel in the four outer fuel 
baskets cells shaded in Figure 6.4.12. The MPC-24EF allows storage of up to four DFCs with 
damaged fuel or fuel debris in these locations. These locations are designed with a larger box ID 
to accommodate the DFCs. For an enrichment of 4.0 wt% 235U for the intact fuel, damaged fuel 
and fuel debris, and assuming no soluble boron, the results for the various configurations 
outlined in Section 6.4.4.2.2 are summarized in Figure 6.4.14 and in Table 6.4.9. Figure 6.4.14 
shows the maximum kff,. including'bias and calculational uncertainties, for various actual and 
hypothetical damaged fuel and fuel debris configurations as a function of the fuel mass per unit 
length of the DFC. For the intact assemblies, the 15xl5H assembly class was chosen. This 
assembly class has the highest reactivity of all PWR assembly classes for a given initial 
enrichment. This is demonstrated in Table 6.1.4. Table 6.4.9 lists the highest maximum lff for 
the various configurations. All maximum k1ff values are below the 0.95 regulatory limit.  

For an enrichment of S. 0 wt% 231Ufor the intact fuel, damaged fuel and fuel debris, a minimum 
soluble boron concentration of, 600 ppm is required. For this condition, calculations are 
performed for various hypothetical fuel debris configurations (i.e. bare fuel rods) as a function 
of the fuel mass per unit length of the DFC. Additionally, calculations are performed with 
reduced water densities in the DFC. The various conditions of damaged fuel, such as assemblies 
with missing rods or collapsed assemblies, were not analyzed, since the results in Figure 6.4.14 
clearly demonstrate that these conditions are bounded by the hypothetical model for fuel debris 
based on regular arrays of bare fuel rods. Again, the 15x15H assembly class was chosen as the 
intact assembly since this assembly class has the highest reactivity, of all PWR assembly classes 
as demonstrated in Table 6.1.4. The results are summarized in Table 6.4.12. Similar to the 
calculations with pure water (see Figure 6.4.14), the results for borated water show a distinct 
peak of the maximum keff as a function of the fuel mass per unit length. Therefore, fi-or each 
condition, the table lists only the highest maximum keff including bias and calculational 
uncertainties, i.e. the point of optimum moderation. The results show that the reactivity 
decreases with decreasing water density. This 'demonstrates, that replacing all cladding and 
other structural material with water is conservative even in the presence of soluble boron in the 
water. All maximum keff values are below the 0.95 regulatory limit.  

6.4.4.2.6 Results for MPC-32 and MPC-32F 

The MPC-32 allows'the storage of up to eight DFCs with damaged fuel in the outer fuel basket 
cells shaded in Figure 6.4.16. The MPC-32F allows storage of up to eight DFCs with damaged 
fuel or fuel debris in these locations. For the MPC-32 and MPC-32F, additional cases are 
analyzed due to the high soluble boron level requiredfor this basket: 

The assembly classes of the intact assemblies are grouped, and minimum required 
soluble boron levels are determined separately for each group. The analyses are 
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performed for the bounding assembly class in each group. The bounding assembly 
classes are listed in Section 6.4.4.2.1.  

* Evaluations of conditions with voided andfilled guide tubes and various water densities 
in the MPC and DFC are performed to identify the most reactive condition.  

In general, all calculations performed for the MPC-32 show the same principal behavior ac for 
the MPC-24 (see Figure 6.4.14), i.e. the reactivity as a function of the fuel mass per unit length 
for the bare fuel rod array shows a distinct peak. Therefore, for each condition aniilyzed, only 
the highest maximum keff i.e. the calculated peak reactivity, is listed in the tables. Evaluations of 
different diameters of the bare fuel pellets and the reduced water density in the DFC have bden 
performed for a representative case using the 15x15F assembly class as the intact assembly, with 
voided guide tubes, a water density of 1.0 glcc in the DFC and MPC, 2900 ppm soluble boron, 
and an enrichment of 5.0 wt% 235 U for the intact and damaged fuel and fiel debris. For this 
case, results are summarized in Table 6.4.13. For each condition, the table lists the highest 
maximum keff, including bias and calculational iuncertainties, .i.e:, the point of optimum 
moderation. The results show that the fuel pellet diameter in the DFC has an insignificant effect 
on reactivity, and that reactivity decreases ,with ,decreasing -water density. 'The latter 
demonstrates that replacing all cladding and other structural material with water is conservative 
even in the presence of soluble boron in the water. Therefore, a typical fuel pellet diameter and a 
water density of 1.0 in the DFCs are used for all further analyses.. Two enrichment levels are 
analyzed, 4.1 wt% 235U and 5.0 wt% 2SU, consistent with the analyses for intact fuel only. In any 
calculation, the same enrichment is usedfor the intact fuel and the damaged fuel andfuel debris.  
For both enrichment levels, analyses are performed with voided andfilled guide tubes, each with 
water densities of 0.93 and 1.0 g/cmr3 in the MPC. In all cases, the water density inside the DFCs 
is assumed to be 1.0 g/cm , since this is the most reactive condition as shown in Table 6.4.13.  
Results are summarized in Table 6.4.14. For each group of assembly classes, the table shows the 
soluble boron level and the highest maximum kfffor the various moderation conditions of the 
intact assembly. The highest maximum keff is the highest value of any of the hypothetical fuel 
debris configurations, i.e. various arrays of bare fuel rods. All maximum keff values are'below the 
0.95 regulatory limit. Conditions of damaged fuel such as'assemblies with missing rods or 
collapsed assemblies were not analyzed in the MPC-32, since the r:esults in Figure 6.4.14 clearly 
demonstrate that these conditions are bounded by the hypothetical model for fuel debris based 
on regular arrays of bare fuel rods.  

6.4.5 Fuel Assemblies with Missing Rods 

For fuel assemblies that are qualified for damaged fuel storage, missing and/or damaged fuel rods 
are acceptable. However, for fuel assemblies to meet the fimithtionsý of intact fuel assembly 
storage, missing fuel rods must be replaced with dummy rods that displace a volume of water 
that is equal to, or larger than, that displaced by the original rods.  
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6.4.6 Thoria Rod Canister

The Thoria Rod Canister is similar to a DFC with an internal separator assembly containing 18 
intact fuel rods. The configuration is illustrated in Figure 6.4.15. The kefn value for an MPC-68F 
filled with Thoria Rod Canisters is calculated to be 0.1813. This low reactivity is attributed to the 
relatively low contentin 235U (equivalent to U0 2 fuel with an enrichment of approximately 1.7 
wt% 235U), the large spacing between the rods (the pitch is approximately 1", the cladding OD is 
0.412") and the absorption in the separator assembly. Together with the maximum kefn values 
listed in Tables 6.1.7 and 6.1.8 this result demonstrates, that the lker for a Thoria Rod Canister 
loaded into the MPC-68 or the MPC-68F together with other approved fuel assemblies or DFCs 
will remain well below the regulatory requirement of leff < 0.95.  

6.4.7 Sealed Rods replacing BWR Water Rods 

Some BWR fuel assemblies contain sealed rods filled with a non-fissile material instead of water 
rods.. Compared to the configuration with water rods, the configuration with sealed rods has a 
reduced amount of moderator, while the amount of fissile material is maintained. Thus, the 
reactivity of the configuration with sealed rods will be lower compared to the configuration with 
water rods. Any configuration containing sealed rods instead of water rods is therefore bounded 
by the analysis for the configuration with water rods and no further analysis is required to 
demonstrate the acceptability. Therefore, for all BWR fuel assemblies analyzed, it is' permissible 
that water rods are replaced by sealed rods filled with a non-fissile material.  

6.4.8 Non-fuel Hardware in PWR Fuel Assemblies 

Non-fuel hardware such as Thimble Plugs (TPs), Burnable Poison Rod Assemblies (BPRAs), 
Control Rod Assemblies (CRAs), Axial Power Shaping Rods (APSRs) and similar devices are 
permitted for storage with all PWR fuel types. Non-fuel hardware is inserted in the guide tubes of 
the assemblies. For, pure water, the reactivity of any PWR assembly with inserts is bounded by 
(i.e. lower than) the reactivity of the same assembly without the insert. This is due to the fact that 
the insert reduces the amount of moderator in the assembly, while the amount of fissile material 
remains unchanged. This conclusion is supported by the calculation listed in Table 6.2.4, which 
shows a significant reduction in reactivity as a result of voided guide tubes, i.e. the removal of 
the water from the guide tubes.  

With the presence of soluble boron in the water, non-fuel hardware not only displaces water, but 
also the neutron absorber in the water. It is therefore possible that the insertion results in an 
increase of reactivity, specifically for higher soluble boron concentrations. As a bounding 
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approach for the presence of non-fuel hardware, afialyses were performed with empty (voided) 
guide tubes, i.e. any absorption of the hardware is n-eglected. If assemblies contain an instrument 
tube' this tube remains 'filled with borated water. Table 6.4.6 shows results for the variation in 
water density for cases with filled and voided guide tubes. These results show that the optimum 
moderator density depends on the soluble boron concentration, and on whether the guide tubes 
are filled or assumed empty. For the MPC-24 with 400 ppm and the MPC-32 with 1900 ppm, 
voiding the guide tubes results in a reduction of reactivity. All calcul~tions for'thie MPC-24 and 
MPC-24E, and for. the N.PC 32 with 1900 ppm are therefore performed with water in the guide 
tubes. For the MPC-32 with 2600 ppm, the reactivity for voided guide tubes slightly exceeds the 
reactivity for filled guide tubes. However, this effect is not consistent across all 'assehibly classes.  
Table 6.4.10, Table 6.4.11 and Table 6.4.14 sh6ws results with filled and voided guide tubes for 
all assembly' classes in the MPC-32/32F at 26.0p. m4.1 wt% 235U and 5.0 Wt% 235U. .Some 
classes show;'afn increase, other classes show a'decrease as a result of-voiding the guide tubes.  
Therefore,.f6r the results presented in the Section 6.1, Table 6.1.5, Table 6.1.6 and Table 6.1.12, 
the maximum value for each'class is chosenfor each enrichment level.' 

In summary, from a criticality safety perspective, non-fuel hardware inserted into PWR 
assemblies are acceptable for all allowable PWR types, and, deperiding on the assembly class, 
can increase the safety'margin.  

6.4.9 Neutroh Sources in Fuel Assemblies 

Fuel assemblies containing start-up neutron'sources are permitted for storage in the HI-STORM 
100 System. The reactivity of a fuel assembly is'not affected by the presence of a neutron source 
(other than by the presence of the material of the source, which is discussed later). This is true 
because in a system with a keff less than 1.0, any given neutron population at~any time, 
regardless of its origin or size, will decrease over time. Therefore,' a-neutron source-of any 
strength will not increase reactivity, but only the neutron flux in a system, and no additional 
criticality analyses are required. Sources are inserted as r6ds'into fuel assemblies, i.e. they replace 
either a fuel rod 'or water rod (moderator). Therefore, the inseftion of the material 'of the source 
into a fuel assembly will not lead to an increase of feactivity either.  

6.4.10 Applicability of HI-STAR Analyses to HI-STORM 100 System 

Calculations previously supplied to the NRC in, applications for the HI-STAR 100 System 
(Docket Numbers '71-9261 and 72-1008) are directly applicable to'the HI-STORM Istorage and 
HI-TRAC transfer casks. The MPC designs are identical. The cask systems differ only in the 
overpack shield material. The limiting condition for the HI-STORM 100 System is the fully 
flooded HI-TRAC transfer cask. As demonstrated by the comparative calculations presented in 
Tables 6.1.1 through 6.1.8, the shield material in the overpack (steel and lead for HI-TRAC, steel 
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for HI-STAR) has a negligible impact on the eigenvalue of the cask systems. As a result, this 
analysis for the 125-ton HI-TRAC transfer cask is applicable to the 100-ton HI-TRAC transfer 
cask. In all cases, for, the reference fuel assemblies, the maximum k.~vle r ngo 

agreement and are conservatively less than the limiting k~ff value (0.95).  

6.4.11 Fixed Neutron Absorber Material 

The MPC's in the HI-STORM 100 System can be manufactured with one of two possible neutron 
absorber materials: Boral or Metamic. Both materials are made of aluminum and B4C Powder.  
Boral has an inner-core consistingof B'4C and aluminum between two outer layers consisting of 
aluminum only. This configuration is explicitly modeled in the criticality evaluation and shown 
in Figures 6.3.1 through 6.3.3 for each basket. Metamic is a single, layer material with the same 
overall thickness and. the same '0B loading (in g/cm2,) for each basket. The majority of the 
criticality evaluations documented in this, chapter are performed using Boral as the fixed neutron 
absorber. For a selected number of bounding cases, analyses are also performed using Metamic 
instead of Boral. The results for these cases are listed in Table 6.4.15, together with the 
corresponding result using Boral and the difference between the two materials for each case.  
Individual cases shoi,' small dife~rences for the two materials. However, the differences are 
mostly below two times the standard deviation (the standard deviation is about 0. 0008 for all 
cases in Table 6.4.15), indicating that the results are statistically equivalent. Furthermore, the 
average difference is well below one standard deviation, and all cases are below the regulatory 
limit of 0. 95. This demonstrates that the two fixed neutron absorber materials are identicaifrom 
a criticality perspective. All results obtained for Boral are therefore directly applicable to 
Metamic and no further evaluations using Mfetamic are required.  

6.4.12, Eccentric Fuel Positioni~ng 

Evaluations have been performed to study the effect of eccentric fuel positioning. In these 
evaluations, all assemblies (and DFCs, as applicable) in a basket are moved as close as possible 
either to the cen'ter or to the periphery of the basket, as perm itted by the basket structure. Results 
for a selected number of cases are presented in Table 6.4.16, in comparison with the 
corresponding reference cases with assemblies and DFCs centered in the basket cell locations.  
The following observations can be made: 

"* For the MPC-24E/EF, moving the content to the center or to the periphery will both result to 
a reduction in reactivity. Therefore, assuming the centered location of the cell content is 
bounding.  

"* For the MPC:32/32F, mov'in'g the content to the center of the basket results in an increase in 
-reactivity, whereas moving the content to the periphery -results in a reduction- in reactivity.
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However, the increase is small, and all listed values for keff are below the regulatory limit.  
Further, the absolute value of the increase (movement to center) is much lower than the 
absoluie value of the decrease (movement to periphery). A realistic configuration where all 
assemblies and DFCs would be randomly positioned in their cells, would therefore result in 
a slight reduction in reactivity compared to the centered configuration.  

The studies demonstrate that the effect of eccentric positioning offuel assemblies and DFCs is 
negligible, since in most cases it results in a substantial reduction in reactivity, and in cases 
where a small increase is observed, the maximum keff is still below the regulatory limit.
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Table 6.4.1

MAXIMUM REACTWITIES WITH REDUCED WATER DENSITIES FOR CASK ARRAYSt 

Water Density MCNP4a Maximum kfrftt 

Case MPC-24 MPC-68 
Number Internal, External (17x17A01 @ 4.0%) (8x8C04 @ 4.2%) 

1 100% single 0.9368 0.9348 
cask 

2 100% 100% 0.9354 0.9339 

3 100% 70% 0.9362 0.9339 

4 100% 50% 0.9352 0.9347 

5 100% 20% 0.9372 0.9338 

6 100% 10% 0.9380 0.9336 

7 100% 5% 0.9351 0.9333 

8 100% 0% 0.9342 0.9338 

9 70% 0% 0.8337 0.8488 

10 50% 0% 0.7426 0.7631 

11 20% 0% 0.5606 0.5797 

12 10% 0% 0.4834 0.5139 

13 5% 0% 0.4432 0.4763 

14 10% 100% 0.4793 0.4946

t 

tt

For an infinite square array of casks with 60cm spacing between cask surfaces.  

Maximum keff includes the bias, uncertainties, and calculational statistics, evaluated for the 
worst case combination of manufacturing tolerances.
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Table 6.4.2

REACTIVITY EFFECTS OFPARTIAL CASK FLOODING

MPC-24 (17x17A0I @ 4.0% ENRICHMENT) (no soluble boron) 

Flooded Condition Vertical Orientation Flooded Condition Horizontal Orientation 

(% Full) _ _ _ __ (% Full) 
25 0.9157 25 0.8766 

50 0.9305 50 0.9240 

75 0.9330 75 0.9329 
100 0.9368 100 0.9368 

MPC-68 (8x8C04 @ 4.2% ENRICHMENT) 

Flooded Condition Vertical Orientation Flooded Condition Horizontal Orientation 
(% Full) (% Full) 

25 0.9132 23.5 0.8586 

50 0.9307 50 0.9088 

75 0.9312 76.5 0.9275 
100 0.9348 100 0.9348 

MPC-32 (15x15F @ 5.0 % ENRICHMENT) 2600ppm Soluble Boron 

Flooded Condition Vertical Orientation Flooded Condition Horizontal Orientation 

(% Full) (% Full) 
25 0.8927 31.25 0.9213 

50 0.9215 50 0.9388 
75 0.9350 68.75 0.9401 
100 0.9445 100 0.9445 

Notes: 

1. All values are maximum kfr which include bias, uncertainties, and calculational statistics, evaluated 
for the worst case combination of manufacturing tolerances.
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Table 6.4.3 

REACTIVITY EFFECT OF FLOODING THE PELLET-TO-CLAD GAP 

MPC-24 MPC-68 
Pellet-to-Clad 17x17A01 8x8C04 

Condition 4.0% Enrichment 4.2% Enrichment 

dry 0.9295 0.9279 

flooded with 0.9368 0.9348 
unborated water

Notes: 

1. All values are maximum kff which includes bias, uncertainties, and calculational statistics, evaluated 
for the worst case combination of manufacturing tolerances.
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Table 6.4.4

REACTIVITY EFFECT OF PREFERENTIAL FLOODING OF THE DFCs 

"Preferential Fully Flooded 
DFC Configuration Flooding 

MPC-68 or MPC-68F with 68 DFCs 0.6560 0.7857 
(Assembly Classes 6x6A/B/C, 7x7A 

and 8x8A) 
MPC-68 or MPC-68FF with 16 DFCs 0.6646 0.9328 

(All BWR Assembly Classes) 

MPC-24E or MPC-24EF with 4 DFCs 0.7895 0.9480 
(All PWR Assembly Classes) 

MPC-32 or MPC-32 with 8 DFCs 0.7213 0.9378 
(All PWR Assembly Classes) 

Notes: 

I1. All values are maximum k f which includes bias, uncertainties, and calculational statistics, 
evaluated for the worst case combination of manufacturing tolerances.'
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Table 6.4.5

MAXIMUM keff VALUESt IN THE DAMAGED FUEL CONTAINER 

MCNP4a 
Condition Maximum" kerr 

DFC DFC 
Dimensions: Dimensions: 

ID 4.93" , ID 4.81" 
THK. 0.12" THK. 0.11" 

6x6 Fuel Assembly 

6x6 Intact Fuel 0.7086 0.7016 
w/32 Rods Standing 0.7183 0.7117 
w/28 Rods Standing 0.7315 0.7241 
w/24 Rods Standing 0.7086 0.7010 
w/18 Rods Standing 0.6524 0.6453 

Collapsed to 8x8 array 0.7845 0.7857 

Dispersed Powder 0.7628 0.7440 

7x7 Fuel Assembly 

7x7 Intact Fuel 0.7463 0.7393 
w/41 Rods Standing 0.7529 0.7481 
w/36 Rods Standing 0.7487 0.7444 
w/25 Rods Standing 0.6718 0.6644

These calculations were performed with a planar-average enrichment of 3.0% and a '°B 
loading of 0.0067 g/cm 2, which is 75% of a minimum 10B loading of 0.0089 g/cm2. The 
minimum 10B loading in the MPC-68F is 0.010 g/cm 2. Therefore, the listed maximum keff 
values are conservative 

tt Maximum k~f includes bias, uncertainties, and calculational statistics, evaluated for the 

worst case combination of manufacturing tolerances.
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Table 6.4.6

MAXIMUM klct VALUES WITH REDUCED BORATED WATER DENSITIES 

Internal Water Maximum kerr 
Density
in g/cm

3 

MPC-24 MPC-32 MPC-32 
(400ppm) (1900ppm) (2600ppm) 
@ 5.0 % a4.1 % ,50% 

Guide Tubes filled filled void - filled void 
1.005 NCtt 0.9403 0.9395 -NC 0.9481 
1.00 0.9314 0.9411 0.9400 0.9445 0.9483 
0.99 NC 0.9393 0.9396 0.9438 0.9462 
0.98 0.9245 0.9403 0.9376 0.9447 0.9465 
0.97 NC 0.9397 0.9391 0.9453 0.9476 
0.96 NC NC NC 0.9446 0.9466 
0.95 0.9186 . 0.9380 0.9384 0.9451 0.9468 
0.94 NC NC NC 0.9445 0.9467 
0.93 0.9130 0.9392 0.9352 0.9465 0.9460 
0.92 NC NC -- NC 0.9458 0.9450 
0.91 NC NC - NC 0.9447 0.9452 
0.90 0.9061 0.9384 NC 0.9449 0.9454 
0.80 0.8774 0.9322 NC 0.9431 0.9390 
0.70 0.8457 0.9190 NC 0.9339 0.9259 
0.60 0.8095 0.8990 NC 0.9194 0.9058 
0.40 0.7225 --0.8280 -NC 0.8575 0.8410 
0.20 0.6131 0.7002 NC 0.7421 0.7271 
0.10 0.5486 0.6178 NC 0.6662 0.6584

t External moderator is modeled at 0%. This is consistent with the results demonstrated in Table 6.4.1.  
ft NC: Not Calculated
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Table 6.4.7 

MAXIMUM keff VALUES FOR INTACT BWR FUEL ASSEMBLIES WITH A MAXIMUM 
PLANAR AVERAGE ENRICHMENT OF 3.7 wt% 235U

Fuel Assembly Class Maximum keff 

6x6A 0.8287 

6x6C 0.8436 

7x7A 0.8399 

7x7B 0.9109 

8x8A 0.8102 

8x8B 0.9131 

8x8C 0.9115 

8x8D 0.9125 

8x8E 0.9049 

8x8F 0.9233 

9x9A 0.9111 

9x9B 0.9134 

9x9C 0.9103 

9x9D 0.9096 

9x9E 0.9237 

9x9F 0.9237 

9x9G 0.9005 

l0xl0A 0.9158 

l0xl0B 0.9156 

1OxiOC 0.9152 

l0xl0D 0.9182 

10xl0E 0.8970
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Table 6.4.8

MAXIMUM keff VALUES IN THE GENERIC BWR DAMAGED FUEL- CONTAINER FOR A 
MAXIMUM INITIAL ENRICHMENT OF 4.0 wt% 235U FOR DAMAGED FUEL' AND 3.7 

wt% 235U FOR INTACT FUEL 

Model Configuration inside the Maximum keff 
DFC 

Intact Assemblies 0.9241 
(4 assemblies analyzed) 

Assemblies with missing rods 0.9240 
(7 configurations analyzed) 

Assemblies with- distributed 0.9245 
enrichment 
(4 configurations analyzed) 

Collapsed Assemblies '0.9258 
(6 configurations analyzed) 

Regular Arrays of Bare Fuel Rods 0.9328 
(31 configurations analyzed)

HI-STORM FSAR 

REPORT HI-2002444

Proposed Rev. 2A

6.4-27



Table 6.4.9

MAXIMUM keff VALUES IN THE MPC-24E/EF WITH THE GENERIC PWR DAMAGED 
FUEL CONTAINER FOR A MAXIMUM INITIAL ENRICHMENT OF 4.0 wt% 235U AND NO 

SOLUBLE BORON.  

Model Configuration inside the Maximum kerr 
DFC 

Intact Assemblies 0.9340 
(2 assemblies analyzed) 

Assemblies with missing rods 0.9350 
(4 configurations analyzed) 

Collapsed Assemblies 0.9360 
(6 configurations analyzed) 

Regular Arrays of Bare Fuel Rods 0.9480 
(36 configurations analyzed)
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Table 6.4.10 

MAXIMvUM keff VALUES WITH FILLED AND VOIDED GUIDE TUBES 
FOR THE MPC-32 A T 5.0 wt% ENRICHMENT 

Fuel Class Minimum MPC-32 (26.pp....0 % 
Soluble 
Boron Guide Tubes Filled, Guide Tubes Voided, 
Content Moderator Density 0.93a Alodertwr Density 1.00 
-(ppm) 

1.0 g/cm3  0.93 g/rcm 3  1.0 g/C1a3  0.93 glen:3 

14x14A 1900 0.8930 0.8955 0.8896 0.8897 

14x14B. 1900 0.9162 0.9157 0.9094 0.9082.

14x14C 1900 0.9334 0.9347 0.9422 0.9374 

14x14D 1900. 0.8962 0.8937 0.8863 0.8825 

14x14E 1900 0.6669 0.6625 0.6669 0.6625 

15xl5A 2400 0.9246 0.9271 0.9242 0.9233 

15x15B 2400 0.9430 0.9444 0.9473 0.9435 

15x15C 2400 0.9292 0.9311 0.9336 0.9335 

15x15D 2600 0.9426 0.9419 0.9466 0.9440.  

15x15E 2600 0.9394 0.9415 0.9434 0.9442 

15x15F 2600 0.9445 0.9465 0.9483 0.9460 

15xl5G 2400 0.9256 0.9253 0.9252 0.9229 

15X15H 2600 0.9271 0.9301 0.9317 0.9333 

16X16A 1900 0.9411 0.9405 0.9442 0.9396 

17x17A 2600 0.9105 0.9145 0.9160 0.9161 

17x17B 2600 0.9345 0.9358 0.9371 0.9356 

17X17C 2600 0.9417 0.9431 0.9437 0.9430
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Table 6.4.11 

MAXIMUM keff ALUES WITH FILLED AND VOIDED GUIDE TUBES 
FOR THE MPC-32 AT 4.1 wt% ENRICHMENT 

Fuel Class Minimum MPC-32 @ 4.1 % 
Soluble Boron 

Content Guide Tubes Filled Guide Tubes Voided 
(ppm) 1.O g/cm3  0.93 g/cm3  1.O g/cm3  0.93 g/cm3 

14x14A 1300 0.9005 0.9004 0.8944 0.8905 

14x14B 1300 0.9217 0.9179 0.9103 0.9074 

14x14C 1300 0.9373 0.9363 0.9393 0.9329 

14x14D 1300 0.8901 0.8862 0.8770 0.8727 

14x14E 1300 0.6726 0.6680 0.6726 0.6680 

15x15A 1800 0.9181 0.9183 0.9147 0.9095 

15xlSB 1800 0.9355 0.9350 0.9356 0.9310 

15xl5C 1800 0.9221 0.9229 0.9238 0.9205 

l5xlSD 1900 0.93 75 0.9384 0.9380 0.9329 

15x15E 1900 0.9348 0.9340 0.9365 0.9336 

15xl5F 1900 0.9411 0.9392 0.9400 0.9352 

15xl5G 1800 0.9103 0.9083 0.9075 0.9038 

15X15H 1900 0.9267 0.9274 0.9276 0.9268 

16X)16A 1300 0.9429 0.9396 0.9401 0.9329 

17x] 7A 1900 0.9105 0.9111 0.9106 0.9091 

17x17B 1900 0.9309 0.9307 0.929 7 0.9243 

17X17C 1900 0.9355 0.934 7 0.9350 0.9308
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Table 6.4.12 

MAXMUM keff VALUES IN THE MPC-24E/24EF WITH THE GENERIC PIPR DAMAGED 
FUEL CONTAINER FOR A MAXIMUM INITIAL ENRICHMENT OF,5. 0 wt% 235U 

AND 600 PPM SOLUBLE BORON.

Water Density Bare Fuel Pellet Diameter Maxiium keff 
inside the DFC 

1.00 minimum 0.9185 

1.00 typical 0.9181 

"1.00 maximum 0.9171 

0.95 typical 0.9145 

0.90 typical 0.9125 

0.60 typical 0.9063 

0.10 typical 0.9025 

0.02 typical 0.9025
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Table 6.4.13 

MAXIMUM keff VAL UES IN THE MPC-32/32F WITH THE GENERIC P WR DAMA GED FUEL 
CONTAINER FOR A MAXIMUM INITIAL ENRICHMENT OF 5. 0 wt% 23 5U 

2900 PPM SOL UBLE BORON AND THE 15x15F ASSEMBLY CLASS AS INTA CTASSEMBL Y.

Water Density Bare Fuel Pellet Diameter Maximum keff 
inside the DFC 

1.00 minimum 0.9374 

1.00 typical 0.9372 

1.00 maximum 0.9373 

0.95 typical 0.9369 

0.90 typical 0.9365 

0.60 typical 0.9308 

0.10 typical 0.9295 

0.02 typical 0.9283
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" Table 6.4.14

BOUNDING MAXIMUM keff VALUES FOR THE MPC-32 AND MPC-32F 
WITH UP TO 8 DFCs UNDER VARIOUS MODERATION CONDITIONS.

Fuel Assembly Initial Minimum -- Maximum keff 
Class of Intact Enrichment Soluble Boron Fuel (wt% 235 u) Content.  FtCpm) Filled Guide Tubes Voided Guide 

Tribes 

1.0 0.93 1.0 0.93 
g/cm 3  g/cm3 3., g/cm3  g/cm 3 

14x14A 4.1 1500 0.9277 0.9283 0.9336 0.9298 
through 
14x14E 5.0 2300 0.9139 0.9180 0.9269 0.9262 

]5x]5A, B, C, 4.1 1900 0.9329 0.9341 0.9339 0.9327 
G 5.0 .2700 0.9294 0.9321 0.9344 0.9357' 

J5xJSDE,F, 4.1 2100. 0.9321 '0.9308 0.9326 0.9317, 
H 5.0 2900 0.9307 0.9343 0.9372 0.93,78 

16x16A 4.1 1500 0.9322 0.9321 0.9335 0.9302 

5.0 2300 0.9198 0.9239 0.9289 0.9267 

17xW7A, B, C 4.1 2100 0.9276 0.9278 0.9283 0.9269 

5.0 2900 0.9284- 0.9323 0.9331 0.9336
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Table 6.4.15 

COMPARISON OF MAXIMUM keff VAL UES FOR DIFFERENT FIXED NEUTRON ABSORBER 
MATERIALS 

Case Maximumn keff Reactivity Difference 

B ORAL ME TAMIC 

MPC-68, Intact Assemblies 0.9457 0.9452 -0.0005 

MPC-68, with 16 DFCs 0.9328 0.9315 -0.0013 

MPC-68F with 68 DFCs 0.8021 0.8019 -0.0002 

MPC-24, Oppm 0.9478 0.9491 +0.0013 

MPC-24, 400ppm 0.9447 0.9457 +0.0010 

MPC-24E, Intact Assemblies, 
Oppm 0.9468 0.9494 +0.0026 

MPC-24E, Intact Assemblies, 
300ppm 0.9399 0.9410 +0.0011 

MPC-24E, with 4 DFCs, Oppm 0.9480 0.9471 -0.0009 

MPC-32, Intact Assemblies, 
1900ppm 0.9411 0.9397 -0.0014 

MPC-32, Intact Assemblies, 
2600ppm 0.9483 0.9471 -0.0012 

Average Difference +0.0001
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Table 6.4.16

REA CTIVITY EFFECTS OF ECCENTRIC POSITIONING OF CONTENT 
(FUEL ASSEMBLIES AND DFCs) IN BASKET CELLS

CASE Contents Content moved towards Content moved towards 
centered center of basket basket periphery 

(Reference) 

Maximum Maximum keff Maximum keff 

keff keff Difference keff Difference 
to to 

Reference Reference 

MPC-24E/EF, Intact 0.9185 0.9178 -0.0007 0.9132 -0.0053 
Fuel and Damaged 

Fuel/Fuel Debris, 5% 
Enrichment, 600ppm 

Soluble Boron 

MPC-32/32F, Intact 0.9429 0.9468 0.0039 0.9068 -0.0361 
Fuel, Assembly Class 

16x16A, 4.1% 
Enrichment, 1300ppm 

Soluble Boron 

MPC-32/32F, Intact 0.9473 0.9493 0.0020 0.9306 -0.0167 
Fuel, Assembly Class 

15x15B, 5.0% 
Enrichment, 2400ppm 

Soluble Boron 

MPC-32/32F, Intact 0.9378 0.9397 0.0019 0.9277 -0.0101 
Fuel and Damaged 
Fuel/Fuel Debris, 
Assembly Class 
15x15F (Intact), 
5% Enrichment, 
2900ppm Soluble 

Boron
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FIGURE 6.4.16; LOCATIONS OF THE DAMAGED FUEL CONTAINERS 
IN THE MPC-32.
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BARE FUEL 
ROD ARRAY

9,158"

L

0,025' THK. DAMAGED FUEL CONTAINER, 8 55' ID

FIGURE 64,17; DAMAGED FUEL/FUEL DERIS CALCULATION MODEL (PLANAR CROSS-SECTION) 
WITH BARE FUEL RODS IN THE MPC-32 BASKET 

( SEE CHAPTER 1 FOR TRUE BASKET DIMENSIONS ) 

PORT HI-20024447 IPROPOSED REVISION 2AREf



APPENDIX 6.C: CALCULATIONAL SUMMARY

The following table lists the maximum lff- (including bias, uncertainties, and calculational 
statistics), MCNP calculated kf, standard deviation, and energy of average lethargy causing 
fission (EALF) for each of the candidate fuel types and basket configurations.

Table 6.C.1 
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES 

AND BASKET CONFIGURATIONS

HI-STORM FSAR 

REPORT HI-2002444
Proposed Rev. 2A

Appendix 6.C-1

MPC-24 

Fuel Assembly Maximum Calculated -Std. Dev. EALF 
-Designation Cask kerr, ken" "(1-sigma) (eV) 

14x14A01 HI-STAR 0.9295 0.9252 0.0008 0.2084 

l4xl4A02 TH-STAR 0.9286 0.9242 0.0008 -- 0.2096 

14x14A03 HI-STORM 0.3080- 0.3047 - 0.0003 3.37E+04 

14x14A03 HI-TRAC 0.9283 0.9239 0.0008 f-0.2096 
14x14A03 'HI-STAR 0.9296 0.9253 -0.0008 --0.2093 

14x14B01 HI-STAR 0.9159 0.9117 0.0007, - 0.2727 

14x14B02 HI-STAR 0.9169 0.9126 --0.0008 0.2345" 

14x14B03 HI-STAR 0.9110 0.9065 -0.0009 0.2545 

14x14B04 HI-STAR 0.9084 --0.9039 0.0009.' 0.2563 

B14x14B01 1HI-TRAC 0.9237 0.9193 . 0.0008 . 0.2669 

B14xl4BO1 HI-STAiR 0.9228 0.9185 .0.0008 0.2675 

14x14C01 HI-TRAC 0.9273 0.9230 . 0.0008 0.2758
14x14C01 HI-STAR 0.9258- 0.9215 0.0008, ,0.2729 

14x14C02 HI-STAR 0.9265 0.9222 -,0.0008 0.2765 

14x14C03 HI-TRAC 0.9274 0.9231 ... 0.0008 0.2839 

14x14C03 -HI-STAR 0.9287 0.9242 0.0009 0.2825



Table 6.C.1 (continued) 
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES 

AND BASKET CONFIGURATIONS

MPC-24 

Fuel Assembly Maximum Calculated Std. Dev. EALF 
Designation Cask keff kfr (1-sigma) (eV) 

14x14D01 HI-TRAC 0.8531 0.8488 0.0008 0.3316 

14x14D01 HI-STARý 0.8507 0.8464 0.0008 0.3308 

14x14E01 HI-STAR 0.7598 0.7555 0.0008 0.3890 

14x14E02 HI-TRAC 0.7627 0.7586 0.0007 0.3591 

14x14E02 HI-STAR 0.7627 0.7586 0.0007 0.3607 

14x14E03 HI-STAR 0.6952 0.6909 0.0008 0.2905 

15x15A01 HI-TRAC 0.9205 0.9162 0.0008 0.2595 

15x15A01 HI-STAR 0.9204 0.9159 0.0009 0.2608 

15x15B01 HI-STAR 0.9369 0.9326 0.0008 0.2632 

15C15B02 HI-STAR 0.9338 0.9295 0.0008 0.2640 

15x15B03 HI-STAR 0.9362 0.9318 0.0008 0.2632 

15x15B04 HI-STAR 0.9370- 0.9327 0.0008 0.2612 

15x15B05 HI-STAR 0.9356 0.9313 0.0008 0.2606 

15x15B06 HI-STAR 0.9366 0.9324 0.0007 0.2638 

B15xl5B01 HI-TRAC 0.9387 0.9344 0.0008 0.2616 

B15xl5B01 HI-STAR 0.9388 0.9343 0.0009 0.2626 

15x15C01 rH-STAR 0.9255 0.9213 0.0007 0.2493 

15x15C02 HI-STAR 0.9297 0.9255 0.0007 0.2457 

15x15C03 HI-STAR 0.9297 0.9255 0.0007 0.2440 

15x15C04 HI-STAR 0.9311 0.9268 0.0008 0.2435 

B•1•xl5CO1 HI-TRAC 0.9362 0.9319 0.0008 0.2374 

B15xl5C01 rI-STAR 0.9361 0.9316 - 0.0009 0.2385

HI-STORM FSAR 

REPORT HI-2002444

Proposed Rev. 2A
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Table 6.C.1 (continued) 
'CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES 

"AND BASKET CONFIGURATIONS

-MPC-24 

Fuel Assembly - Maximum' Calculated Std. Dev.-'" EALF 
Designation Cask keff keff (1-sigma) (eV) 

l5xl5D01 HI-STAR -0.9341 - 0.9298 0.0008 0.2822 

- 15xl5D02 HI-STAR 0.9367 0.9324 ".0.0008 0.2802 

.l5x15D03 HI-STAR 0.9354 0.9311 '0.0008 0.2844 

l5xl5D04 HI-TRAC 0.9354 0.9309 , 0.0009 0.2963 

15x15D04 HI-STAR 0.9339 - 0.9292 o0.0010 0.2958 

15x15E01 HI-TRAC 0.9392 0.9349 '0.0008 0.2827 

15x15E01 HI-STAR 0.9368 0.9325 -0.0008 - 0.2826 

l5x15F01 HI-STORM • 0.3648 0.3614 0.0003 3.03E+04 

15x15F01 ,HI-TRAC 0.9393 - 0.9347 0.0009 0.2925 

15x15F01 HI-STAR 0.9395 0.9350 0.0009 0.2§03 

15x15G01 'HI-TRAC 0.8878 0.8836 0.0007 0.3347 

15xl5G01 HI-STAR 0.8876 0.8833 0.0008 0.3357 

15x15H01 HI-TRAC 0.9333 0.9288 0.0009 0.2353 

15x15H01 HI-STAR 0.9337 0.9292 0.0009 0.2349 

16x16A01 HI-STORM 0.3447 0.3412 0.0004 3.15E+04 

16x16A01 HI-TRAC 0.9273 0.9228 0.0009 0.2710 

16x16A01 HI-STAR 0.9287 0.9244 0.0008 0.2704 

16x 16A02 HI-STAR 0.9263 0.9221 0.0007 0.2702 

4-7E1.7AOI 1- IS TAR 0.9368 0.9325 0.0009 0.21-31 

17x.17A021 HI-STORM 0.3243 0.3210 0.0003 3.23E+04 

17x17A02-1 HI-TRAC 0.9378 0.9335 0.0008 0.2133 

17x 17A021 HI-STAR 0.9368 0.9325 0.0008 0.2131

HI-STORM FSAR 

REPORT HI-2002444
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Table 6.C. 1t (continued) 
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES 

AND BASKET CONFIGURATIONS

HI-STORM FSAR 

REPORT HI-2002444
Proposed Rev. 2A 

Appendix 6.C-4

MPC-24 

Fuel Assembly Maximum Calculated Std. Dev. EALF 
Designation Cask ker" keff (1-sigma) (eV) 

17x17A032 HI-STAR 0.9329 0.9286 - 0.0008 0.2018 

17x17B01 HI-STAR 0.9288 0.9243 0.0009 0.2607 

17x17B02 HI-STAR 0.9290 0.9247 0.0008 0.2596 

17x17B03 HI-STAR 0.9243 0.9199 0.0008 0.2625 

17x17B04 HI-STAR 0.9324 0.9279 0.0009 0.2576 

17x17B05 HI-STAR 0.9266 0.9222 0.0008 0.2539 

17xl7B06 HI-TRAC 0.9318 0.9275 0.0008 0.2570 
17x17B06 HI-STAR 0.9311 0.9268 0.0008 0.2593 

17x17C01 HI-STAR 0.9293 0.9250 0.0008 0.2595 

17x17C02 HI-TRAC .0.9319 0.9274 0.0009 0.2610 

17x17C02 HI-STAR 0.9336 0.9293 0.0008 0.2624



Table 6.C.1 (cofntinued) 
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES 

AND BASKET CONFIGURATIONS

-MPC-68 

Fuel Assembly Maximum Calculated 'Std. Dev. EALF 
"-Designation Cask keff kerr (1-sigma) (eV) 

6x6A01 HI-STAR 0.7539 -0.7498 - 0.0607.. .0.2754 

6x6A02 HI-STAR --0.7517 0.7476 0.0007 -0.2510 

6x6A03 'HI-STAR 0.7545 0.7501 -,0.0008 0.2494 

6x6A04 HI-STAR 0.7537 0.7494' 0.0008 0.2494• 

6x6A05 HI-STAR -- 0.7555- '0.7512 -0.0008 0.2470 

6x6A06 - HI-STAR 0.7618 . 0.7576 0.0008- 0.2298 

6x6A07' HI-STAR , 0.7588 . .0.7550 - 0.0005 0.2360 

6x6A08 HI-STAR '0.7808 - 0.7766 -0.0007 0.2527 

B6x6AO1.. HI-TRAC 0.7732 . -0.7691 - 0.0007 0.2458 

-B6x6AO1 HI-STAR 0.7727 0.7685 ', -0.0007 0.2460 

B6x6A02 - HI-TRAC 0.7785 - 0.7741 0.0008 0-O.24"11 

-B6x6A02 HI-STAR -0.7782 -0.7738 0.0008 0.2408 

B6x6A03-- -,,HI-TRAC - 0.7886 0.7846 0.0007 0.2311 

B6x6A03 -- HI-STAR 0.7888 0.7846 0.0007- 0.'2310 

6x6B01 HI-STAR 0.7604 0.7563 0.0007 -0.2461 

,6x6B02, - HI-STAR 0.7618 0.7577 0.0007 ,0.2450 
6x6B03 HI-STAR -0.7619 . 0.7578 - 0.0007 0.2439 

6x6B04 HI-STAR 0.7686 0.7644 0.0008 .0.2286 

6x6B05 . ' HI-STAR 0.7824. 0.7785 -0.0006. 0.2184 

B6x6B01 HI-TRAC 0.7833 0.7794 -- 0.0006 ,0.2181 

B6x6BOl -'HI-STAR 0.7822 0.7783. 0.00067' 0.2190-

HI-STORM FSAR 

REPORT HI-2002444
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Table 6.C. 1. (continued) 
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES 

AND BASKET CONFIGURATIONS

MPC-68 

Fuel Assembly Maximum Calculated Std. Dev. EALF 
Designation Cask keff ken" (1-sigma) (eV) 

6x6C01 HI-STORM 0.2759 0.2726 0.0003 1.59E+04 
6x6C01 . HI-TRAC 0.8024- 0.7982 0.0008 0.2135 
6x6C01 HI-STAR 0.8021 0.7980 0.0007 0.2139 
7x7A01 HI-TRAC 0.7963 0.7922 0.0007 0.2016 
7x7A01 HI-STAR 0.7974 0.7932. 0.0008 0.2015 
7x7B01 HI-STAR 0.9372 0.9330 0.0007 0.3658 
7x7B02 'HI-STAR-- 0.9301 0.9260 0.0007 0.3524 
7x7B03 HI-STAR 0.9313 0.9271 0.0008 0.3438 
7x7B04 HI-STAR 0.9311 0.9270 0.0007 0.3816 
7x7B05 HI-STAR 0.9350 0.9306 0.0008 0.3382" 
7x7B06 - HI-STAR 0.9298 0.9260 0.0006 0.3957 

B7x7BO1 HI-TRAC 0.9367 0.9324 0.0008 0.3899 
B7x7B01 HI-STAR 0.9375 0.9332 0.0008 0.3887 
B7x7B02 HI-STORM 0.4061 0.4027 0.0003 2.069E+04 
B7x7B02 HI-TRAC 0.9385 0.9342 0.0008 0.3952 
B7x7B02 HI-STAR 0.9386 0.9344 0.0007 0.3983 
8x8A01 HI-TRAC 0.7662 0.7620 0.0008 0.2250 
8x8A01 HI-STAR 0.7685 0.7644 0.0007 0.2227 
8x8A02 HI-TRAC 0.7690 0.7650 0.0007 0.2163 
8x8A02 HI-STAR 0.7697 0.7656 0.0007 0.2158 
8x8B01 HI-STAR 0.9310 0.9265 0.0009 0.2935 
8x8B02 HI-STAR 0.9227 0.9185 0.0007 0.2993

HI-STORM FSAR 

REPORT HI-2002444
Proposed Rev. 2A
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Table 6.C.1' (contirued) 
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES 

AND BASKET CONFIGURATIONS

MPC-68 

Fuel Assembly -Maximum Calculated Std. Dev. EALF, 
Designation Cask keff keff . (1-sigma) (eV) 

_8x8B03 HI-STAR 0.9299 0.9257 0.0008 0.3319 

8x8B04 HI-STAR 0.9236 .0.9194 0.0008 ------- 0.3700 

B8x8B01 HI-TRAC 0.9352 0.9310 0.0008 0.3393.  

B8x8B01 HI-STAR 0.9346 0.9301 -D0.0009§. 0.3389 

,B8x8B02 HI-TRAC 0.9401 0.9359 0.0007 ---0.3331 

"-B8x8B02 HI-STAR 0.9385 0.9343 0.0008 ,. 0.3329 

B8x8B03 HI-STORM 0.3934- 0.3900 -0.'0004 1.815E+04 

B8x8B03 'HI-TRAC 0.9427 0.9385 0.0008 0.3278-, 

"B8x8B03 HI-STAR 0.9416 . 0.9375 0.0007 ---- 0.3293 

8x8C01 HI-STAR 0.9315 0.9273 0.0007 , 0.2822 

8x8C02 HI-STAR 0.9313 0.9268 0.0009 0.2716 

8x8C03 HI-STAR 0.9329 0 0.9286 _ 0.0008 .. 0.2877

8x8C04 HI-STAR 0.9348 0.9307 . j0.0007 .0.2915 

8x8C05 HI-STAR 0.9353 0.9312 0.0007 0.2971 

8x8C06 HI-STAR 0.9353 '0.9312 _ 0.0007 0.2944 

8x8C07 HI-STAR 0.9314 ' 0.9273 6 '.0007 .. 0.2972 

8x8C08 HI-STAR 0.9339 _ -0.9298 0.0007, .. , -0.2915 

8x8C09' HI-STAR 0.9301 - 0.9260 0.0007 0.3183 

8x8C10 ,HI-STAR 0.9317 - 0.9275 0.'0008 0.3018 

8x8Cl1' HI-STAR 0.9328 0.9287 ,0.0007 . 0.3001 

8x8C12 HI-STAR 0.9285 0.9242 0.0008 -0.3062 

B8x8COl HI-TRAC 0.9348 ' - 0.9305 ..... 0.0008 0.3114

HI-STORM FSAR 
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Table 6.C. 1 (continued) 
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES 

AND BASKET CONFIGURATIONS

MPC-68 

FuelfAssembly Maximum Calculated Std. Dev. EALF 
Designation Cask keff keff (1-sigma) (eV) 

B8x8C01 HI-STAR 0.9357 0.9313 0.0009 0.3141 
B8x8C02 HI-STORM 0.3714 0.3679 0.0004 2.30E+04 
B8x8C02 HI-TRAC 0.9402 0.9360 0.0008 0.3072 
B8x8C02 HI-STAR 0.9425 0.9384 0.0007 0.3081 
B8x8C03 HI-TRAC 0.9429 0.9386 0.0008 0.3045 
B8x8C03 HI-STAR 0.9418 0.9375 0.0008 0.3056 
8x8D01 HI-STAR- 0.9342 0.9302 0.0006 0.2733 
8x8D02 HI-STAR 0.9325 0.9284 0.0007 0.2750 
8x8D03 HI-STAR 0.9351 0.9309 0.0008 0.2731 

8x8D04 HI-STAR 0.9338 0.9296 0.0007 0.2727 
8x8D05 ,, HI-STAR 0.9339 0.9294 0.0009 0.2700 
8x8D06 HI-STAR 0.9365 . 0.9324 0.0007 0.2777 
8x8D07 HI-STAR 0.9341 0.9297 0.0009 0.2694 
8x8D08 HI-STAR 0.9376 0.9332 0.0009 0.2841 

B8x8DO1 HI-TRAC 0.9408 0.9368 0.0006 0.2773 
B8x8DO1 HI-STAR 0.9463 0.9363 0.0007 0.2778 
8x8E01 HI-TRAC 0.9309 0.9266 0.0008 0.2834 
8x8E01 HI-STAR 0.9312 0.9270 0.0008 0.2831 
8x8F01 HI-TRAC 0.9396 0.9356 0.0006 0.2255 
8x8F01 HI-STAR 0.9411 0.9366 0.0009 0.2264 
9x9A01 HI-STAR 0.9353 0.9310 0.0008 0.2875 

9x9A02 HI-STAR 0.9388 0.9345 0.0008 0.2228

HI-STORM FSAR 

REPORT HI-2002444
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Table 6.C.1 (continued) ," 
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES 

AND BASKET CONFIGURATIONS

MPC-68 

Fuel Assembly Maximum Calculated Std. Dev. EALF 
Designation .Cask keig keff (1-sigma) _ (eV) 

9x9A03 HI-STAR 0.935 1 0.9310 0.0007 0.2837 

9x9A04 HI-STAR 0.9396 0.9355 - 0.0007 0.2262 

B9x9A0l HI-STORM 0.3365 0.3331 "0.0003 1.78E+04 

B9x9A01 HI-TRAC 0.9434 0.9392 0.0007 0.2232 

B9x9A01 HI-STAR 0.9417 0.9374 0,0008 0.2236 

9x9B01 HI-STAR 0.9380 0.9336 0.0008 0.2576 

9x9B02 HI-STAR 0.9373 0.9329 0.0009 0.2578 

9x9B03 HI-STAR 0.9417 0.9374 0.0008 0.2545 

1B9x9B01 HI-TRAC 0.9417 0.9376 0.0007 0:2504 

-B9x9B01 HI-STAR 0.9436 - 0.9394 0.0008... 0.2506 

9x9C0l HI-TRAC 0.9377 0.9335 0.0008 0.2697_1 

9x9C01 HI-STAR 0.9395 -0.9352 0:0008 0.2698 

9x9D01 HI-TRAC 0.9387 0.9343 0.0008 0.2635 

9x9D01 HI-STAR 0.9394 0.9350 0.0009 . 0.2625 

9x9E01, rIn-STAR 0.9334 0.9293 0.0007, 0.2227 

g9x9E02, HI-STORM 0.3676 0.3642 0.0003 2.409E+04 

9x9E02 HI-TRAC 0.9402 0.9360 `0.0008 0.2075 

,9x9E02 HI-STAR 0.9401 0.9359 0.0008 0.2065

9x'9F01 HI-STAR 0.9307 - 0.9265 - 0.0007 0.2899 

9x9F02 HI-STORM 0.3676 0.3642 0.0003 2.409E+04 

9x9F02 HI-TRAC 0.9402 0.9360 0.0008 0.2075 

9x9F02 HI-STAR 0.9401 0.9359 0.0008 0.2065

HI-STORM FSAR 
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Table 6.C.1 (continued) 
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES 

AND BASKET CONFIGURATIONS

MPC-68 

Fuel Assembly Maximum Calculated Std. Dev. EALF 
Designation Cask keff keff (1-sigma) (eV) 

9x9G01 HI-TRAC 0.9307 0.9265 0.0007 0.2193 

9x9G01 HI-STAR 0.9309 0.9265 0.0008 0.2191 

lOx1OA01 HI--STAR 0.9377 0.9335 0.0008 0.3170 

-10xl0A02 HI-STAR 0.9426 0.9386 0.0007 0.2159 

S1Ox 1OA03 HI-STAR 0.9396 0.9356 0.0007 0.3169 

Bi(xlOAO1 HI--STORdM 0.3379 0.3345 0.0003 1.74E+04 

B1Ox1OA01 HI-TRAC 0.9448 0.9405 0.0008 0.2214 

B1OxlOA01 HI-STAR 0.9457 0.9414 0.0008 0.2212 

lOxIOB01 HI-STAR 0.9384 0.9341 0.0008 0.2881 

10xlOB02 HI-STAR 0.9416 0.9373 0.0008 0.2333 

lOxlOB03 HI-STAR 0.9375 0.9334 0.0007 0.2856 

BlOxIOB01 HI-TRAC 0.9443 0.9401 0.0007 0.2380 

B10xl0B01 HI-STAR 0.9436 0.9395 0.0007 0.2366 

10xiOC01 HI-TRAC 0.9430 0.9387 0.0008 0.2424 

l0xiOC01 HI-STAR 0.9433 0.9392 0.0007 0.2416 

lOxiOD01 HI-TRAC 0.9383 0.9343 0.0007 0.3359 

10xl0D01 HI-STAR 0.9376 0.9333 0.0008 0.3355 

lOxlOE01 HI-TRAC 0.9157 0.9116 0.0007 0.3301 

lOxIOE01 HI-STAR 0.9185 0.9144 0.0007 0.2936

HI-STORM FSAR 
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- Table 6.C.1 (continued) 
CALCULATIONAL SUMMARY FORALL CANDIDATE FUEL TYPES 

AND BASKET CONFIGURATIONS

MPC-24 400PPM SOLUBLE BORON 

Fuel Assembly Maximum Calculated Std. Dev. EALf 
Designation Cask k.ff kar - (1-sigma)* (eV) 

14x14A03 HI-STAR 0.8884 - 0.8841 "0.0008 0.2501 

B14x14B01 HI-STAR 0.8900 0.8855 0.0009 0.3173 

14x14C03 HI-STAR 0.8950 0.8907 - 0.0008 -0.3410 

14x14D01 HI-STAR 0.8518 0.8475 0.0008 0.4395 

14x14E02 HI-STAR 0.7132 0.7090 0.0007 0.4377 

15x15A01 HI-STAR 0.9119 0.9076' 0.0008 03363 

B15xl5B01 HI-STAR 0.9284 0.9241 0.0008 0.3398 

B15x15C01 HI-STAR', 0.9236 0.9193 0.0008 0.3074 

15x15D04 HI-STAR 0.9261 0.9218 "- 0.0008 0.3841 

15x15E01 HI-STAR 0.9265 0.9221- 0.0008 0.3656 

15x15F01 HI-STORM (DRY) 0.4013- 0.3978 0.0004 28685 

15x15F01 HI-TRAC 0.9301 0.9256 0.0009 0.3790_ 

15x15F01 HI-STAR 0.9314 0.9271 0.0008 0.3791 

15x15G01 HI-STAR 0.8939 - 0.8897 0.0007 '0.4392 

15x15H01 ' HI-TRAC 0.9345- 0.9301 ': '0.0008 "0.3183 

15x15H01 HI-STAR 0.9366 0.9320' 0.0009 0.3175 

16x16A01 HI-STAR 0.8955' 0:8912 0.0008 ' 0.3227 

17xl7A021 HI-STAR 0.9264 0.9221 0.0008 0.2801 

17x17B06 HI-STAR 0.9284 0.9241 -0.0008 0.3383 

17x17C02 HI-TRAC 0.9296 0.9250 ' 0.0009, 0.3447 

17x17C02 HI-STAR 0.9294 0.9249 0.0009 0.3433

HI-STORM FSAR 
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Table 6.C. 1 (continued) 
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES 

AND BASKET CONFIGURATIONS

MPC-24E/MPC-24EF, UNBORATED WATER 

Fuel Assembly Maximum Calculated Std. Dev. EALF 
Designation Cask keff kerr (1-sigma) (eV) 

14x14A03 HI-STAR 0.9380 0.9337 0.0008 0.2277 
B14xl4B01 HI-STAR 0.9312 0.9269 0.0008 0.2927 
14x14C01 HI-STAR 0.9356 0.9311 0.0009 0.3161 
14x14D01 HI-STAR - 0.8875 0.8830 0.0009 0.4026 

14x14E02 HI-STAR" 0.7651 0.7610 0.0007 0.3645 
15xl5A01 HI-STAR 0.9336 0.9292 0.0008 0.2879 

Bl5xl5B01 HI-STAR 0.9465 0.9421 0.0008 0.2924 
B15xl5C01 HI-STAR 0.9462 0.9419 0.0008 0.2631 
15x I5D04 HI-STAR 0.9440 0.9395 0.0009 0.3316 
15x15E01 HI-STAR 0.9455 0.9411 0.0009 0.3178 

15x15F01 HI-STORM (DRY) 0.3699 0.3665 0.0004 3.280e+04 
15x15F01 HI-TRAC 0.9465 0.9421 0.0009 0.3297 
15xl5F01 HI-STAR 0.9468 0.9424 0.0008 0.3270 
15xl5G01 HI-STAR 0.9054 0.9012 0.0007 0.3781 
15x 15H01 HI-STAR 0.9423 0.9381 0.0008 0.2628 

16x16A01 HI-STAR 0.9341 0.9297 0.0009 0.3019 
17x17A021 HI-TRAC 0.9467 0.9425 0.0008 0.2372 
17x17A02l HI-STAR 0.9447 0.9406 0.0007 0.2374 
17x17B06 HI-STAR 0.9421 0.9377 0.0008 0.2888 

17x17C02 HI-STAR 0.9433 0.9390 0.0008 0.2932
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Table 6.C. 1 (continued) 
CALCULATIONAL SUMMARY FOR'ALL CANDIfDATE FUEL TYPES 

AND BASKET CONFIGURATIONS

MPC-24E/MPC-24EF, 300PPM BORATED WATER 

Fuel Assembly Maximum Calculated Std. Dev. EALF 
Designation .'Cask 'keg keff . (1-sigma)' (eV) 

14x14A03 HI-STAR 0.8963 0.8921 0.0008 0.2231 
B14xl4B01 HI-STAR 0.8974 0.8931 0.0008 0.3214 

14x14C01 iHI-STAR 0.9031 0.8988' 0.0008 0.3445, 

214x14D01 HI-STAR 0.8588' 0.8546 0.0007 0.4407 

14x14E02 HI-STAR 0.7249 0.7205- 0.0008 0.4186 
-,15x15A01 HI-STAR 0.9161 0.9118" 0.0008 0.3408 

"Bl5x15B01 HI-STAR 0:9321 0.9278 "0.0008 0.3447 
B15xl5C01 HI-STAR 0.9271 0.9227 0.0008 0.3121 

15x15D04 -HI-STAR 0.9290 0.9246 -0.0009 " -"0.3950 ' 

15xl5E01 H1-STAR 0.9309 0.9265 " 0.0009 0.3754 
15x15F01 HIl-STORM (DRY) 0.3897 0.3863 -'-"0.0003 3.192E+04 

15x15F01 HI-TRAC 0.9333 0.9290 0.0008- 0.3900 
15x15F01 HI-STAR 0.9332 0.9289 0.0008 0.3861 
15x15G01 HI-STAR -- 0.8972 - 0.8930 - 0.0007 0.4473 
15x15H01 HI-TRAC 0.9399 -0.9356- 0.0008 0.3235 
15x15H01 - - HI-STAR 0.9399 0.9357 0.0008 0.3248 

16x16A01 HI-STAR 0.9021 0.8977 - -0.0009 0.3274 
17xl7A021 HI-STAR - -0.9332 0.9287 0.0009 -0.2821 
17x17B06 -HI-STAR --0.9316 0.9273 0.0008 0.3455 

l7x17C02 HI-TRAC -. 0.9320 -0.9277 -0.0008 0.2819 

17x17C02 - HI-STAR.. . 0.9312 . 0.9270 - 0.0007 0.3530 

HI-STORM FSAR Proposed Rev. 2A
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A Table 6.C.1 (continued) 
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES 

AND BASKET CONFIGURATIONS

MPC-32, 1900 PPM BORATED A ,ATýR4.1% Enrichment, Bounding Cases 

Fuel Assembly Maximum Calculated Std. Dev. EALF 
Designation Cask kerr keff (1-sigma) (eV) 

14x14A03 HI-STAR 0.9005 0.8966. 0.0006 0.2784 

B14x14B01 HI-STAR 0.9217 0.9176 0.0007 0.3476 

14x14C01 HI-STAR 0.9393 0.9351 0.0007 0.4362 

14x14D01 HI-STAR 0.8901 0.8862 0.0006 0.4687 

14x14E02 HI-STAR, 0.6726 0.6687 0.0006 0.4920 

15X15A01 HI-STAR 0.9183 0.9142 0.0007 0.4741 

B15x151B01 HI-STAR 0.9356 0.9315 0.0007 0.5145 

B15x15C01 HI-STAR 0.9238 0.9200 0.0005 0.4631 

15x15D04 HI-STAR 0.9384 0.9345 0.0006 0.5594 

15x15E01 HI-STAR 0.9365 0.9326 0.0006 0.5403 

15x15F01 HI-STORM 0.4691 0.4658 0.0003 1.207E+04 
(DRY) I 

15x15F01 HI-TRAC 0.9403 0.9364 0.0006 0.4938 

15x15F01 HI-STAR 0.9411 0.9371 0.0006 0.4923 

15x15G01 HI-STAR 0.9103 0.9064 0.0006 0.5583 

15x15H01 HI-STAR 0.92 76 0.923 7 0.0006 0.4710 

16x 16A01 HI- STAR 0.9429 0.9388 0.0007 0.3601 

17x17A0-2- HI-STAR- 0.9111 0.9072 0.0006 0.4055 

17x17B06 HI-STAR 0.9309 0.9269 0.0006 0.4365 

17x 17C02 HI-TRAC 0.9365 0.9327 0.0006 0.4468 

17x17C02 HI-STAR 0.9355 0.9317 0.0006 0.4469

HI-STORM FSAR 

REPORT HI-2002444

Proposed Rev. 2A

Appendix 6.C-14



-- Table 6.C.1 (continued) 
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES 

AND BASKET CONFIGURATIONS
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Table 6.C.1 (continued) 
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES 

AND BASKET CONFIGURATIONS

MPC-32,2600 PP- M BORATED W.- AT-:ER, GUIDE TUBES VOIDED5.0% Enrichment, 
.Bounding Cases

Fuel Assembly Maximum Calculated Std. Dev. EALF 
Designation - Cask keff keff - (1-sigma) -(eV) 

14xl4A03 HI-STAR 0.8955 0.8916 0.0006 0.3998 

B14xI4B01 HI-STAR -0.9162 0.9122 0.0006 0.4582 

14x14C01 HI-STAR 0.9422 0.9383 0.0006 0.5791 

14x14D01 HI-STAR 0.8962 0.8921 0.0007 0.6154 

14x14E02 HI-STAR 0.6669 0.6630 0.0006 0.6684 

15x15A01 HI-STAR 0.9271 0.9230 0.0007 0.6143 

Bl5x15B01 HI-STAR 0.9473 0.9434 0.0006 0.6693 

B15x15C01 HI-STAR - 0.9336 0.9297 0.0006 0.6017 

15x15D04 HI-STAR- 0.9466 0.9425 0.0007 0.7525 

15x 15E01 HI-STAR 0.9434 0.9394 0.0007 0.7215 

15x15F01 HI-STORM 0.5142 0.5108 0.0004 1.228E+04 
(DRY9) 

15x15F01 HI-TRAC- 0.9470 0.9431 0.0006 0.7456 

15x15F01 HI-STAR 0.9483 0.9443 0.0007 0.7426 

15xI 5GO 1 HI-STAR 0.9256- 0.9215 0.0007 0.7237 

15x15H01 HI-STAR 0.9333 0.9292 0.0007 0.7015 

16x16A01 HI-STAR 0.9442 0.9401 0.0007 0.5316 

17x17A0l2 HI-STAR 0.9161 0.9122 0.0006 0.6141 

-17x17B06 HI-STAR 0.9371 0.9331 0.0006 0.6705 

17x17C02 HI-TRAC 0.9436 0.9396 0.0006 0.6773 

17x17C02 HI-STAR 0.9437 0.9399 0.0006 0.6780
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Table 6.C.1 (continued) 
CALCULATIONAL SUMMARY FOR ALL CANDIDATE FUEL TYPES 

AND BASKET CONFIGURATIONS 

Note: Maximum k- = Calculated keff + KIxa, + Bias + aB 

where: 
K, =2.0 
•cy = Std. Dev. (1-sigma) 
Bias = 0.0021 
aB = 0.0006 

See Subsection 6.4.3 for further explanation.
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