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NRC dated April 30, 2001 

3) TXU Electric Letter logged TXX-0 1102, from C. L. Terry to the 
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Gentlemen: 

Pursuant to 1OCFR50.90, TXU Electric requested, via Reference 1, an amendment to 
the CPSES Unit 1 Operating License (NPF-87) and CPSES Unit 2 Operating License 
(NPF-89) to increase the spent fuel storage capacity by incorporating changes to the 
CPSES Unit 1 and 2 Technical Specifications. Supplements 1 and 2 to this request 
were transmitted via References 2 and 3, respectively.
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In summary, the proposed LAR, as submitted by Reference 1 and supplemented by 

References 2 and 3, and this letter, will revise Technical Specification (TS) 3.7.17, 
"Spent Fuel Assembly Storage," and TS 4.3, "Fuel Storage." These changes revise 
the specifications for fuel storage to increase the spent fuel storage capacity by: (1) 
replacing the existing twenty low density racks of spent fuel pool one with three 
Holtec racks and nine Westinghouse racks, (2) adding three Holtec racks to the nine 
existing Westinghouse racks in spent fuel pool two, (3) revising the spent fuel storage 
curves in TS 3.7.17, (4) updating the criticality discussion in TS 4.3.1, and (5) 
increasing the spent fuel storage capacity from "2,026" to "3,373" fuel assemblies in 
TS 4.3.3. These changes apply equally to CPSES Units 1 and 2.  

The purpose of this letter is: (1) to update the commitments previously submitted in 
Reference 3, (2) to update the LAR to reflect an updated criticality analysis, and (3) to 
update the LAR to reflect a revised seismic analysis.  

The following clarification to Page 7 of Attachment 2 to Reference 1 is provided.  
This clarifies that the wrapper used to hold the Boraflex was not reattached in the 
SFP2 Region II racks after the Boraflex was removed but a spacer plate was installed.  
It was determined that the reattachment of the wrapper or the installation of the spacer 
plate was unnecessary for the SFPl Region II racks. The spacer plate material is 
comprised of stainless steel and acts as a neutron absorber.  

To clarify TXU Electric's response to NRC Request for Additional Information 
IOLB-8 (see Attachment 3 to Reference 3) as requested by a phone call with the NRC 
on July 12, 2001, the following information is provided. The total anticipated 
personnel dose associated with the SFP reracking operation is estimated to be 2.3 
Rem. Approximately 80% of the dose will be associated with the removal and 
transport of the old SFP racks. The amount of solid waste to be generated as a result 
of SFP reracking is estimated to be 2250 cubic feet. The three year average from 
1998-2000 of CPSES total generated solid waste is 732 cubic feet per year.  

Attachment 1 is the required affidavit. Attachment 2 provides new Technical 
Specification pages to reflect the updated criticality analysis. TXU Electric's 
assessment concerning the no significant hazards consideration determination was not 
revised as the original assessment remains valid (see Attachment 2 to Reference 1).  

Enclosure 1 provides the updated Comanche Peak High Density Spent Fuel Rack 
Criticality Analysis Using Soluble Boron Credit and No Outer Wrapper Plates to 
support this license amendment request. Enclosure 2 of Reference 2 is replaced by 
Enclosure 1 to this letter.
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Enclosure 2 provides the replacement pages to the "Licensing Report for Spent Fuel 
Rack Installation at Comanche Peak Steam Electric Station" that supports the license 
amendment request. The replacement pages in Enclosure 2 contain no proprietary 
information.  

The Commitment number is used by TXU Electric for the internal tracking of CPSES 
commitments.  

Commitment Number 27212 

Commitment Description (as described by Reference 3) 

Comanche Peak's corrective action program has identified that the effect of 
the revised building responses on the balance of Fuel Building structures, 
systems, and components was not properly considered. Section 8 of 
Enclosure 1 to Reference 1 has been supplemented with the results of revised 
analyses. No modifications to the balance of the Fuel Building are required.  
The supporting calculations for these revised analyses will be completed by 
July 12, 2001. No changes are expected to the conclusions of these analyses.  
This LAR will be supplemented should these results change.  

Comments: 

This commitment is closed. Section 8 of Enclosure 1 to Reference 1 has been 
supplemented with the results of revised analyses and is provided as Enclosure 
2 to this letter.  

Updated Commitment Description: 

None. The commitment was met and is now closed.  

Commitment Number 27236 

Commitment Description (as described by Reference 3) 

Comanche Peak's corrective action program has identified a potential issue 
with the Criticality Analysis Report provided in Enclosure 2 to TXX-O 1074.  
The gap spacing between Region II rack modules for the planned installation 
in SFP 1 is less than the 3 inches assumed in the report. SFP2 is not affected 
by this issue. The issue will be resolved by July 18, 2001, and the NRC Staff 
will be notified of the resolution of this issue. The LAR will be supplemented 
as necessary. (Response to SRXB-1, Page 17 of Attachment 3)
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Comments: 

This commitment is closed. Attachment 2 contains the retyped technical 
specification pages and the revised Criticality Analysis Report is provided in 
Enclosure 1.  

Updated Commitment Description: 

None. The commitment was met and is now closed.  

Should you have any questions, please contact Mr. Jack Hicks at (254) 897-6725.  

Sincerely, 

C. L. Terry 

By: 'ý o 

oger. Walker 
Regulatory Affairs Manager 

JCH/jch 

Attachments 1. Affidavit 
2. Retyped Technical Specification Pages 

Enclosure 1. Comanche Peak High Density Spent Fuel Rack Criticality Analysis 
Using Soluble Boron Credit and No Outer Wrapper Plates, 
CAB-00-163, Rev 2.  

2. Licensing Report for Spent Fuel Rack Installation at Comanche 
Peak Steam Electric (Non-Proprietary), Revision 4, 
Replacement Pages 

c - E. W. Merschoff, Region IV 
J. A. Clark, Region IV 
D. H. Jaffe, NRR 
Resident Inspectors, CPSES 

Mr. Authur C. Tate 
Bureau of Radiation Control 
Texas Department of Public Health 
1100 West 49th Street 
Austin, Texas 78704
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UNITED STATES OF AMERICA 
NUCLEAR REGULATORY COMMISSION 

In the Matter of ) 
) 

TXU Electric ) Docket Nos. 50-445 
) 50-446 

(Comanche Peak Steam Electric Station, ) License Nos. NPF-87 
Units 1 & 2) ) NPF-89 

AFFIDAVIT 

Roger D. Walker being duly sworn, hereby deposes and says that he is Regulatory Affairs 
Manager of TXU Electric, the licensee herein; that he is duly authorized to sign and file with the 
Nuclear Regulatory Commission this supplement to License Amendment Request 00-05; that he 
is familiar with the content thereof; and that the matters set forth therein are true and correct to 
the best of his knowledge, information and belief.  

Rogeý6l. 'Walker 

Regulatory Affairs Manager 

STATE OF TEXAS ) 
) 

COUNTY OF e•Cxel• ) 

Subscribed and sworn to before me, on this 0' day of l ,2001.  

I4 

yR. Pece dewbl 
FO , .*w-htS00 eV Notar Public
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ATTACHMENT 2 to TXX-01118 

RETYPED TECHNICAL SPECIFICATION PAGES 

Pages 3.7-38 
3.7-39
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J. R. Secker 
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1.0 Introduction
This report presents the results of a criticality analysis of the TXU Electric Comanche Peak spent 
fuel storage racks with credit for spent fuel pool soluble boron and with no outer wrapper plates of 

the Boraflex poison panels. The methodology employed here is contained in the topical report, 
"Westinghouse Spent Fuel Rack Criticality Analysis Methodology"( 1).  

The spent fuel storage rack design considered herein is an existing array of fuel racks, previously 
qualified in References 2 and 3 (without Boraflex) for storage of various 17x17 fuel assembly 
types with maximum enrichments up to 5.0 w/o 235U. Multiple storage configurations are 
currently allowed. These configurations allow fuel assemblies with maximum enrichments up to 

5.0 w/o 235U (with burnup credits) to be stored.  

The base enrichment limits reported in Reference 2 for the all cell and the 3-out-of-4 storage 
configurations were determined assuming the existence of the outer wrapper plates of the Boraflex 

poison panels. The base enrichment limits reported in Reference 3 for the 2-out-of-4 and the 

l-out-of-4 storage configurations were determined assuming no outer wrapper plates of the 

Boraflex poison panels. The base enrichment limits reported in Reference 4 for the 3-out-of-4 and 
4-out-of-4 storage configuration were determined assuming no outer wrapper plates of the 

Boraflex panels. The Comanche Peak spent fuel racks for the all cell and the 3-out-of-4 storage 

configurations previously analyzed in Reference 4 are being reanalyzed in this report to revise the 

axial bumup bias in the bumup credit calculation and to remove the decay time credit.  

The Comanche Peak spent fuel rack analysis is based on maintaining Keff < 1.0 including 

uncertainties and tolerances on a 95/95 (95 percent probability at 95 percent confidence level) 

basis without the presence of any soluble boron in the storage pool (No Soluble Boron 95/95 Keff 

conditions). Soluble boron credit is used to provide safety margin by maintaining 95/95 Keff 

< 0.95 including uncertainties, tolerances, and accident conditions in the presence of spent fuel 

pool soluble boron.  

The following storage configurations and enrichment limits are considered in this analysis: 

High Density Spent Fuel Rack Enrichment Limits 

All Cell Storage of Westinghouse and Siemens 17x17 fuel assemblies in any cell 

Storage location. Fuel assemblies must have an initial nominal enrichment no 
greater than 1.04 w/o 235U or satisfy a minimum burnup requirement for 
higher initial enrichments up to 5.00 w/o 235U. The soluble boron credit 

required for this storage configuration is 800 ppm. Including accidents, the 

soluble boron credit required for this storage configuration is 1700 ppm.
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3-out-of-4 Storage of Westinghouse and Siemens 17x17 fuel assemblies in a 

Checkerboard 3-out-of-4 checkerboard arrangement with empty cells. Fuel assemblies 

Storage must have an initial nominal enrichment no greater than 1.51 w/o 2 3 5U or 

satisfy a minimum burnup requirement for higher initial enrichments up to 

5.00 w/o 235U. A 3-out-of-4 checkerboard with empty cells means that no 

more than 3 fuel assemblies can occupy any 2x2 matrix of storage cells.  

The soluble boron credit required for this storage configuration is 700 ppm.  

Including accidents, the soluble boron credit required for this storage 

configuration is 1900 ppm.  

1.1 Design Description 

The Comanche Peak High Density storage cell is shown in Figure 1 on page 26 with nominal 

dimensions provided on the figure.  

The fuel parameters relevant to this analysis are given in Table 1 on page 18. With the simplifying 

assumptions employed in this analysis (no grids, sleeves, axial blankets, etc.), the various types of 

Westinghouse 17x17 STD and OFA (V5, V+, and P+) fuel are beneficial in terms of extending 

burnup capability and improving fuel reliability, but do not contribute to any meaningful increase 

in the basic assembly reactivity. This includes small changes in guide tube and instrumentation 

tube dimensions. Therefore, future fuel assembly upgrades do not require a criticality analysis if 

the fuel parameters specified in Table 1 remain bounding.  

The fuel rod and guide tube claddings are modeled with zircaloy in this analysis. This is 

conservative with respect to the Westinghouse ZIRLOTM product which is a zirconium alloy 

containing additional elements including niobium. Niobium has a small absorption cross section 

which causes more neutron capture in the cladding regions, resulting in a lower reactivity.  

Therefore, this analysis is conservative with respect to fuel assemblies containing ZIRLOdM 

cladding in fuel rods, guide tubes, and instrumentation tubes.  

1.2 Design Criteria 

Criticality of fuel assemblies in a fuel storage rack is prevented by the design of the rack which 

limits fuel assembly interaction. This is done by fixing the minimum separation between fuel 

assemblies and inserting neutron poison between them. However, in this analysis the Boraflex 

poison panels including the outer wrapper plates have been removed from the racks.  

In this report, the reactivity of the spent fuel racks is analyzed such that Keff remains less than 1.0 

under No Soluble Boron 95/95 Keff conditions as defined in Reference 1. To provide safety 

margin in the criticality analysis of the spent fuel racks, credit is taken for the soluble boron 

present in the Comanche Peak spent fuel pool. This parameter provides significant negative 

reactivity in the criticality analysis of the spent fuel racks and will be used here to offset the 

reactivity increase after the spent fuel rack Boraflex poison panels were removed. Soluble boron 

credit provides sufficient relaxation in the enrichment limits of the spent fuel racks.  
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The design basis for preventing criticality outside the reactor is that, including uncertainties, there 

is a 95 percent probability at a 95 percent confidence level that the effective neutron multiplication 

factor, Keff, of the fuel rack array will be less than or equal to 0.95.
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2.0 Analytical Methods 
The criticality calculation method and cross-section values are verified by comparison with 
critical experiment data for fuel assemblies similar to those for which the racks are designed. This 
benchmarking data is sufficiently diverse to establish that the method bias and uncertainty will 
apply to rack conditions which include strong neutron absorbers, large water gaps, low moderator 
densities, and spent fuel pool soluble boron.  

The design method which insures the criticality safety of fuel assemblies in the fuel storage rack 
is described in detail in the Westinghouse Spent Fuel Rack Criticality Analysis Methodology 
topical report(1). This report describes the computer codes, benchmarking, and methodology 
which are used to calculate the criticality safety limits presented in this report for Comanche 
Peak.  

As determined in the benchmarking in the topical report, the method bias using the described 
methodology of NITAWL-II, XSDRNPM-S, and KENO-Va is 0.0077 AK. There is a 95 percent 
probability at a 95 percent confidence level that the uncertainty in reactivity due to the method is 
no greater than 0.0030 AK. These values will be used in the final evaluation of the 95/95 basis 
Keff in this report.
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3.0 Criticality Analysis of High Density Storage 
Racks 

This section describes the analytical techniques and models employed to perform the criticality 
analysis and reactivity equivalencing evaluations for the storage of fuel in the High Density spent 
fuel storage racks with credit for soluble boron.  

Section 3.1 describes the allowed storage configurations for fuel assemblies in the High Density 
spent fuel storage racks. Section 3.2 describes the No Soluble Boron 95/95 Keff KENO-Va 
calculations. Section 3.3 discusses the results of the spent fuel rack Keff soluble boron credit 
calculations. Section 3.4 presents the results of calculations performed to show the minimum 
bumup requirements for assemblies with initial enrichments above those determined in Section 
3.2.  

3.1 Configuration Descriptions 

Two different configurations are analyzed for the High Density spent fuel storage racks. The first 
configuration contains fresh fuel assemblies of the same enrichment of 1.04 w/o in all of the cells.  
The second configuration uses a 3-out-of-4 assembly checkerboard with 1 empty cell and 3 fresh 
assemblies of 1.51 w/o in the other cells. The two configurations are shown in Figure 2 on 
page 27.  

3.2 No Soluble Boron 95/95 K ff Calculations 

To determine the enrichment required to maintain Keff < 1.0, KENO-Va is used to establish a 
nominal reference reactivity and PHOENIX-P is used to assess the temperature bias of a normal 
pool temperature range and the effects of material and construction tolerance variations. A final 
95/95 Kff is developed by statistically combining the individual tolerance impacts with the 
calculational and methodology uncertainties and summing this term with the temperature and 
method biases and the nominal KENO-Va reference reactivity. The equation for determining the 
final 95/95 Keff is defined in Reference 1.  

The following assumptions are used to develop the No Soluble Boron 95/95 Keff KENO-Va model 
for storage of fuel assemblies in the Comanche Peak High Density spent fuel storage racks: 

1. The fuel assembly parameters relevant to the criticality analysis are based on the 
Westinghouse 17x17 STD design, which is the most reactive fuel type under spent fuel rack 
conditions (see Table 1 on page 18 for fuel parameters).  

2. Fuel assemblies contain uranium dioxide at the nominal enrichments over the entire length of 
each rod.  

3. The fuel pellets are modeled assuming nominal values for theoretical density and dishing 
fraction.  
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4. No credit is taken for any natural or reduced enrichment axial blankets. This assumption 

results in equivalent or conservative calculations of reactivity for all fuel assemblies, including 

those with annular pellets at the fuel rod ends.  

5. No credit is taken for any 234U or 2 36U in the fuel, nor is any credit taken for the buildup of 

fission product poison material.  

6. No credit is taken for any spacer grids or spacer sleeves.  

7. No credit is taken for any burnable absorber in the fuel rods.  

8. The moderator is water with 0 ppm soluble boron at a temperature of 68°F. A value of 1.0 

gm/cm3 is used for the density of water.  

9. The array is infinite in the lateral (x and y) extent. The fuel assembly array is finite in the axial 

(vertical) extent with 12 inch water regions on the top and bottom of the fuel.  

10. All allowable storage cells are loaded with fuel assemblies.  

Temperature and methodology biases must be considered in the final Keff summation prior to 

comparing against the 1.0 Keff limit. The following biases are included: 

Methodology: The benchmarking bias as determined for the Westinghouse KENO-Va 

methodology is considered.  

Water Temperature: A reactivity bias is applied to account for the effect of the normal range 

of spent fuel pool water temperatures (50°F to 150°F).  

To evaluate the reactivity effects of possible variations in material characteristics and 

mechanical/construction dimensions, perturbation calculations are performed using PHOENIX-P.  

For the Comanche Peak spent fuel rack High Density storage configurations, U0 2 material 

tolerances are considered along with construction tolerances related to the cell I.D., storage cell 

pitch, and stainless steel wall thickness. Uncertainties associated with calculation and 

methodology accuracy are also considered in the statistical summation of uncertainty 

components.  

The following tolerance and uncertainty components are considered in the total uncertainty 

statistical summation: 

235U Enrichment: The enrichment tolerance of ±0.05 w/o 235U about the nominal reference 

enrichments is considered.  

U0 2 Density: A ±2.0% variation about the nominal reference theoretical density (the nominal 

reference values are listed in Table I on page 18) is considered.  

Fuel Pellet Dishing: A variation in fuel pellet dishing fraction from 0.0% to twice the nominal 

value (the nominal reference values are listed in Table 1 on page 18) is considered.  

Storage Cell I.D.: The ±0.025 inch tolerance about the nominal 8.83 inch reference cell I.D. is 

considered.  

Storage Cell Pitch: A ±0.06 inch tolerance about a nominal 9.0 inch reference cell pitch is 

considered.  
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Stainless Steel Thickness: The ±0.004 inch tolerance about the nominal 0.075 inch reference 

stainless steel thickness for all rack structures is considered.  

Assembly Position: The KENO-Va reference reactivity calculation assumes fuel assemblies 

are symmetrically positioned within the storage cells. Conservative calculations show that an 

increase in reactivity can occur if the comers of fuel assemblies are positioned together. This 

reactivity increase is considered in the statistical summation of spent fuel rack tolerances.  

Calculation Uncertainty: The 95 percent probability/95 percent confidence level uncertainty 

on the KENO-Va nominal reference Keff is considered.  

Methodology Uncertainty: The 95 percent probability/95 percent confidence uncertainty in 

the benchmarking bias as determined for the Westinghouse KENO-Va methodology is 

considered.  

3.2.1 All Cell No Soluble Boron 95/95 Keff Calculation 

With the previously stated assumptions, the KENO-Va calculation for the all cell configuration 

under nominal conditions with no soluble boron in the moderator resulted in a Kff of 0.96756, as 

shown in Table 2 on page 19.  

The 95/95 Keff is developed by adding the temperature and methodology biases and the statistical 

sum of independent uncertainties to the nominal KENO-Va reference reactivity. The summation is 

shown in Table 2 and results in a 95/95 Keff of 0.99574.  

Since Keff is less than 1.0 including uncertainties at a 95/95 probability/confidence level, the High 

Density spent fuel racks will remain subcritical when all cells are loaded with Westinghouse and 

Siemens 17x 17 fuel assemblies having a nominal enrichment no greater than 1.04 w/o 235U and 

no soluble boron is present in the spent fuel pool water.  

3.2.2 3-out-of-4 Checkerboard No Soluble Boron 95/95 Keff Calculation 

With the previously stated assumptions, the KENO-Va calculation for the 3-out-of-4 

checkerboard configuration under nominal conditions with no soluble boron in the moderator 

resulted in a Keff of 0.97785, as shown in Table 4 on page 21.  

The 95/95 Keff is developed by adding the temperature and methodology biases and the statistical 

sum of independent uncertainties to the nominal KENO-Va reference reactivity. The summation is 

shown in Table 4 and results in a 95/95 Keff of 0.99811.  

Since Keff is less than 1.0 including uncertainties at a 95/95 probability/confidence level, the High 

Density spent fuel racks will remain subcritical for the 3-out-of-4 checkerboard configuration 

storage of Westinghouse and Siemens 17x17 fuel assemblies in a 2x2 checkerboard arrangement 

with 1 empty cell and the remaining 3 cells containing fuel assemblies having a nominal 

enrichment no greater than 1.51 w/o 235U and no soluble boron is present in the spent fuel pool 

water.  
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3.3 Soluble Boron Credit K ff Calculations 

To determine the amount of soluble boron required to maintain Keff < 0.95, KENO-Va is used to 

establish a nominal reference reactivity and PHOENIX-P is used to assess the temperature bias of 

a normal pool temperature range and the effects of material and construction tolerance variations.  

A final 95/95 Keff is developed by statistically combining the individual tolerance impacts with 

the calculational and methodology uncertainties and summing this term with the temperature and 

method biases and the nominal KENO-Va reference reactivity.  

The assumptions used to develop the nominal case KENO-Va model for soluble boron credit for 

storage in the High Density spent fuel racks are similar to those in Section 3.2 except for 

assumption 8 regarding the moderator soluble boron concentration. The moderator boron 

concentration is increased by the amount required to maintain Keff•<_ 0.95.  

Temperature and methodology biases must be considered in the final Keff summation prior to 

comparing against the 0.95 Keff limit. The following biases are included: 

Methodology: The benchmarking bias as determined for the Westinghouse KENO-Va 

methodology is considered.  

Water Temperature: A reactivity bias is applied to account for the effect of the normal range 

of spent fuel pool water temperatures (50'F to 150°F).  

To evaluate the reactivity effects of possible variations in material characteristics and 

mechanical/construction dimensions, PHOENIX-P perturbation calculations are performed. For 

the Comanche Peak spent fuel rack High Density storage configurations, U0 2 material tolerances 

are considered along with construction tolerances related to the cell I.D., storage cell pitch, and 

stainless steel wall thickness. Uncertainties associated with calculation and methodology 

accuracy are also considered in the statistical summation of uncertainty components.  

The same tolerance and uncertainty components as in the No Soluble Boron case are considered 

in the total uncertainty statistical summation.  

3.3.1 All Cell Soluble Boron Credit Keff Calculation 

With the previously stated assumptions, the KENO-Va calculation for the all cell configuration 

under nominal conditions with 200 ppm soluble boron in the moderator resulted in a Keff of 

0.90641, as shown in Table 3 on page 20.  

The 95/95 Keff is developed by adding the temperature and methodology biases and the statistical 

sum of independent uncertainties to the nominal KENO-Va reference reactivity. The summation is 

shown in Table 3 and results in a 95/95 Keff of 0.93531.  

Since Keff is less than or equal to 0.95 including soluble boron credit and uncertainties at a 95/95 

probability/confidence level, the acceptance criteria for criticality is met for all cell storage of 

Westinghouse and Siemens 17x 17 fuel assemblies in the High Density spent fuel racks. Storage of 

fuel assemblies with nominal enrichments no greater than 1.04 w/o 235U is acceptable in all cell 

storage including the presence of 200 ppm soluble boron.
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3.3.2 3-out-of-4 Checkerboard Soluble Boron Credit Keff Calculation 

With the previously stated assumptions, the KENO-Va calculation for the 3-out-of-4 
checkerboard configuration under nominal conditions with 200 ppm soluble boron in the 
moderator resulted in a Keff of 0.91997, as shown in Table 5 on page 22.  

The 95/95 Keff is developed by adding the temperature and methodology biases and the statistical 
sum of independent uncertainties to the nominal KENO-Va reference reactivity. The summation is 
shown in Table 5 and results in a 95/95 KYff of 0.94061.  

Since Keff is less than or equal to 0.95 including soluble boron credit and uncertainties at a 95/95 
probability/confidence level, the acceptance criteria for criticality is met for the 3-out-of-4 
checkerboard configuration storage of Westinghouse and Siemens 17x17 fuel assemblies in the 
High Density spent fuel racks. Storage of fuel assemblies in a 2x2 checkerboard arrangement with 
1 empty cell and the remaining 3 cells containing fuel assemblies having a nominal enrichment no 
greater than 1.51 w/o 235U is acceptable including the presence of 200 ppm soluble boron.  

3.4 Burnup Credit Reactivity Equivalencing 

Storage of fuel assemblies with enrichments higher than those described in Section 3.2 in the 
Comanche Peak High Density spent fuel racks is achievable by using the concept of reactivity 
equivalencing. The concept of reactivity equivalencing is predicated upon the reactivity decrease 
associated with fuel depletion. For burnup credit, a series of reactivity calculations is performed to 
generate a set of enrichment and fuel assembly discharge bumup ordered pairs which all yield an 
equivalent Keff when stored in the spent fuel storage racks.  

Figure 3 on page 28 and Figure 4 on page 29 show the constant Keff contours generated for the all 
cell configuration and the 3-out-of-4 configuration, respectively, for fuel storage in the High 
Density spent fuel racks. These curves represent combinations of fuel enrichment and discharge 
bumup which yield the same rack multiplication factor (Keff) as the rack loaded with zero bumup 
fuel assemblies with maximum allowed enrichments described in Section 3.2 for the two 
configurations.  

Uncertainties associated with burnup credit include a reactivity uncertainty of 0.01 AK at 
30,000 MWD/MTU applied linearly to the burnup credit requirement to account for calculation 
and depletion uncertainties and 5% on the calculated bumup to account for burnup measurement 
uncertainty. The amount of additional soluble boron needed to account for these uncertainties in 
the burnup requirement is 600 ppm for the all cell configuration and 500 ppm for the 3-out-of-4 
checkerboard configuration. This is additional boron above the soluble boron required in 
Section 3.3. This results in a total soluble boron credit of 800 ppm for the all cell configuration 
and 700 ppm for the 3-out-of-4 checkerboard configuration.  

It is important to recognize that the curves in Figure 3 and Figure 4 are based on calculations of 
constant rack reactivity. In this way, the environment of the storage rack and its influence on 
assembly reactivity is implicitly considered. For convenience, the data from Figure 3 and Figure 4
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are also provided in Table 6 on page 23 and Table 7 on page 24, respectively. Use of linear 

interpolation between the tabulated values is acceptable since the change in reactivity is 

approximately linear as a function of enrichment between the tabulated points.  

The calculations for bumup credit reactivity equivalencing are done on a radial, two-dimensional 

(29) basis with the PHOENIX-P code. Inherent in a 2D treatment for this calculation is a 

uniform axial burnup distribution. To account for the varying burnup and reactivity axially along 

the assembly, that is, the three-dimensional (3D)) burnup effect, a bias term had been defined in 

Reference I using the PHOENIX-P and ANC codes.  

A recent investigation concluded that the Reference 1 axial bumup bias could be 

non-conservative. The generic axial bumup bias term, at the minimum allowed burnup for 5 w/o 

fuel, has been revised and is shown in the following tables labeled "3-out-of-4 Storage" and 

"4-out-of-4 Storage".  

From a generic evaluation of previous analyses performed by Westinghouse, certain excess 

conservatisms in the methodology were identified to mitigate the effects of the revised axial 

bumup bias. The generic excess conservatisms applicable to this plant specific analysis which are 

used to offset the revised axial burnup bias term include: 

1. In the KENO model described in Section 3.2, the spent fuel pool is modeled with an infinitely 

repeating array of individual storage cells. This assumption conservatively neglects leakage 

into the gaps between storage rack modules, which for Comanche Peak Steam Electric Station 

are a minimum of 1.25 inches. The reactivity effect of leakage between storage racks was 

determined with a KENO calculation in which the gaps were explicitly modeled.  

2. In the actual storage pool, leakage occurs between the rack modules and the pool wall. The 

reactivity effect of rack-to-wall leakage was determined with explicit KENO calculations.  

3. In the methodology described in Section 3.2, no credit for samarium and fission products is 

assumed. Calculations were performed to conservatively determine the reactivity effect of 

samarium and fission products at 100 brs after shutdown, which is the minimum cooling time 

requirement for core offload.  

4. In the burnup credit reactivity equivalencing methodology, fuel assembly depletion calcula

tions are performed with a conservatively high constant value of soluble boron (a value of 

1500 ppm is used for bumup from 0 to 60,000 MWD/MTU). In actual operation, the soluble 

boron varies from about 1500 ppm at the beginning-of-cycle to near zero at the end-of-cycle.  

The lower cycle average boron value, for actual operations, results in. a softer neutron 

spectrum and makes the fuel assemblies less reactive with bumup due to the smaller buildup 

of plutonium. To determine the reactivity effect of the overly conservative soluble boron and 

burnable absorber assumption, a calculation was performed with a more realistic but still 

bounding boron letdown curve.  

5. Credit can be taken for excess margin to the Keff limit. The excess margin to the Keff limit is 

the difference between the Keff limit of 1.00 (for soluble boron credit) and the calculated value 

of Keff, from Table 2 for the 4-out-of-4 and Table 4 for the 3-out-of-4 configurations, 

determined on a 95/95 basis.  
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6. In the methodology described in Section 3.2, the uncertainty allowance for the standard DOE 

tolerance for enrichment is determined by considering a 0.05 w/o 235U variation about the 

allowable enrichment for fresh fuel with no burnup. The allowable initial enrichment in the 

base methodology is low (less than 2.0 w/o). The reactivity uncertainty allowance for the 

enrichment tolerance for high burnup fuel at a higher enrichment of up to 5.0 w/o 235U, in the 

range where the axial bumup bias issue applies, is significantly lower than that for low 

enriched fresh fuel.  

7. Under the methodology of Section 3.2, no credit is taken for the presence of grids and sleeves.  

The reactivity effect of grids and sleeves can be determined by explicit calculations.  

For the 4-out-of-4 configuration. the credits for the overall conservatism identified minus the 

effect of revised axial burnup bias result in net reactivity penalty of -0.00206 AK. To offset this 

net reactivity penalty, the burnup requirements specified in Table 6 and the corresponding Figure 

3 have been conservatively increased. The adjusted burnup requirements are shown in Table 6 and 

corresponding Figure 3 of this report.  

For the 3-out-of 4 configuration, thie credits for the overall conservatism identified minus the 

effect of revised axial burnup bias result in net reactivity penalty of -0.00041 AK. To offset this 

net reactivity penalty, the bt-nup requirements specified in Table 7 and the corresponding Figure 

4 have been conservatively increased. The adjusted bumrup requirnements are shown in Table 7 and 

corresponding Figure 4 of this report.  

The previously discussed axial bumup bias penalty and credits are summarized in the following 

two tables for Comanche Peak.

11
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4-out-of-4 Storage

Region 2, All Cell Penalty/Credit 

Configuration(60000* Penalty/Credit Description value (AK) 
MWD/MTU, 5.0 w/o) 

Summary of Penalties Revised Axial Burnup Bias Penalty - 0.04359 

Original WCAP-14416-NP-A axial burnup bias penalty + 0.00312 

Summary of Credits Samarium and fission product buildup + 0.00086 

Leakage due to gaps between rack modules + 0.00720 

Boron letdown curve for WFP depletion credit + 0.01063 

Enrichment tolerance credit + 0.01202 

Existing delta to the Keff limit + 0.00426 

Grid and sleeve credit + 0.00300 

Pool leakage credit + 0.00044 

Net Balance** -_0.00206** 

*Currently licensed lead rod bumup 

** In order to offset this net reactivity penalty, the bumup requirements specified in Table 6 and 

coirTesponding Figu'e 3 were increased to provide an additional reactivity credit of.00500 delta-K 

at 60,000 MWDiMTU. The required burnup values were increased linearly from 0 at 17.000 

.\4XW'DiMTIT throuah 770 M, VD/MTU at 60.000 MWD.,MTU. With consideration of this

additional .00500 delta-K credit. the net balance then becomes +.00294 delta-K..
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3-out-of-4 Storage

Region 2, 3 of 4 
Configuration (42156 
MWD/MTU, 5.0 w/o)

Penalty/Credit Description
Penalty/Credit 

value (AK)

Summary of Penalties Revised Axial Burnup Bias Penalty - 0.02091 

Original WCAP-14416-NP-A axial bumup bias penalty + 0.00000 

Summary of Credits Samarium and fission product buildup + 0.00086 

Leakage due to gaps between rack modules + 0.00540 

Boron letdown curve for HFP depletion credit + 0.00431 

Enrichment tolerance credit + 0.00535 

Existing delta to the Keff limit + 0.00189 

Grid and sleeve credit + 0.00225 

Pool leakage credit + 0.00044

Net Balance -_0.0__4 

* In order to offset this net reactivity penalty, the bumup requirements specified in Table 7 and 

cnrresnnndinty Fihure 4 were increased to provide an additional reactivity credit of.00200 delta-K

at 42.156 MWDiMTU. The required bumup values were increased linearly from 0 at 17,000 

MWDiMTU through. 320 MWDiMTU at 42,156 MWDiMTU. With consideration of this 

additional .00200 delta-K credit. the net balance then becomes +.00159 delta-K.

13Comanche Peak Spent Fuel Racks

I 

I 

I

I

I



4.0 Discussion of Postulated Accidents 
Most accident conditions will not result in an increase in Keff of the rack. Examples are:

Fuel assembly drop 
on top of rack 

Fuel assembly drop 
between rack 
modules 

Fuel assembly drop 
between rack 
modules and spent 
fuel pool wall

The rack structure pertinent for criticality is not excessively 
deformed and the dropped assembly which comes to rest 
horizontally on top of the rack has sufficient water separating it from 
the active fuel height of stored assemblies to preclude neutronic 
interaction.  

Design of the spent fuel racks and fuel handling equipment is such 
that it precludes the insertion of a fuel assembly in other than 
prescribed locations.  

For High Density storage areas, this accident is bounded by the fuel 
assembly misload accident discussed below since placing a fuel 
assembly inside the racks next to other fuel assemblies will result in 
a higher Keff.

However, two accidents can be postulated for each storage configuration which can increase 

reactivity beyond the analyzed condition. The first postulated accident would be a change in the 

spent fuel pool water temperature and the second would be a misload of an assembly into a cell 

for which the restrictions on location, enrichment, or burnup are not satisfied.  

Calculations were performed for the Comanche Peak storage configurations to determine the 

reactivity change caused by a change in the Comanche Peak spent fuel pool water temperature 

outside the normal range (50*F to 150°F). For the change in spent fuel pool water temperature 

accident, a temperature range of 32°F to 212°F is considered. In all cases, additional reactivity 

margin is available to the 0.95 Keff limit to allow for temperature accidents. The temperature 

change accident can occur at any time during operation of the spent fuel pool.  

For the assembly misload accident, calculations were performed to show the largest reactivity 

increase caused by a Westinghouse or Siemens 17xl 7 fuel assembly misplaced into a storage cell 

for which the restrictions on location, enrichment, or bumup are not satisfied. The assembly 

misload accident can only occur during fuel handling operations in the spent fuel pool.  

For an occurrence of the above postulated accident condition, the double contingency principle of 

ANSI/ANS 8.1-1983 can be applied. This states that one is not required to assume two unlikely, 

independent, concurrent events to ensure protection against a criticality accident. Thus, for these 

postulated accident conditions, the presence of additional soluble boron in the storage pool water 

(above the concentration required for normal conditions and reactivity equivalencing) can be 

assumed as a realistic initial condition since not assuming its presence would be a second unlikely 
event.  

The additional amount of soluble boron for accident conditions needed beyond the required boron 

for uncertainties and burnup is shown in Table 8 on page 25.
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5.0 Soluble Boron Credit Summary 
Spent fuel pool soluble boron has been used in this criticality analysis to offset storage rack and 
fuel assembly tolerances, calculational uncertainties, uncertainty associated with burnup credit 
and the reactivity increase caused by postulated accident conditions. The total soluble boron 
concentration required to be maintained in the spent fuel pool is a summation of each of these 
components. Table 8 on page 25 summarizes the storage configurations and corresponding 
soluble boron credit requirements.  

Based on the above discussion, should a spent fuel water temperature change accident or a fuel 
assembly misload accident occur in the High Density spent fuel racks, Keff will be maintained less 
than or equal to 0.95 due to the presence of at least 800 ppm (no fuel handling) or 1900 ppm 
(during fuel handling) of soluble boron in the Comanche Peak spent fuel pool water.
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6.0 Storage Configuration Interface Requirements 

The Comanche Peak High Density spent fuel pool area has been analyzed for all cell storage, 

where all cells share the same storage requirements and limits, and checkerboard storage, where 

neighboring cells have different requirements and limits.  

The boundary between different checkerboard zones and the boundary between a checkerboard 

zone and an all cell storage zone must be controlled to prevent an undesirable increase in 

reactivity. This is accomplished by examining all possible 2x2 matrices containing rack cells and 

ensuring that each of these 2x2 matrices conforms to checkerboard restrictions for the given 

region.  

For example, consider a fuel assembly location E in the following matrix of storage cells.

Four 2x2 matrices of storage cells which include storage cell E are created in the above figure.  

They include (A,B,D,E), (B,C,EF), (E,FH,I), and (DE,GH). The fuel assemblies in each of 

these 2x2 matrices of storage cells are required to meet the checkerboard requirements 

determined for the given region.  

Using the requirement that all 2x2 matrices within the storage racks must conform to both all cell 

and 2x2 checkerboard requirements, the following interface requirements are applicable to High 

Density storage cells:

All Cell Storage 
Next to 3-out-of-4 
Storage or 
2-out-of-4 Storage 

3-out-of4 Storage 
Next to 2-out-of-4 
Storage 

1-out-of-4 Storage 
Next to All Cell 
Storage and 
3-out-of-4 Storage 

2-out-of-4 Storage 
Next to 1-out-of-4 
Storage

Comanche Peak Spen

The boundary between all cell storage and 3-out-of-4 storage or 

2-out-of-4 storage can be either separated by a vacant row of cells or the 

interface must be configured such that the first row of carryover in the 

checkerboard storage zone uses 1.51 w/o fuel assemblies alternating with 

empty cells. Figure 5 on page 30 illustrates the carryover configuration.  

The boundary between 3-out-of-4 storage and 2-out-of-4 storage can be 

either separated by a vacant row of cells or the interface must be 

configured such that the first row of carryover in the 2-out-of-4 storage 

zone uses 2.90(3) w/o fuel assemblies alternating with empty cells.  

Figure 6 on page 31 illustrates the carryover configuration.  

The boundary between 1 -out-of-4 storage and all cell storage or 

3-out-of-4 storage must be separated by a vacant row of cells. Figure 7 on 

page 32 illustrates the carryover configuration.  

The boundary between 2-out-of-4 storage and 1 -out-of-4 storage must be 

separated by a vacant row of cells. Figure 8 on page 33 illustrates the 

carryover configuration.  
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7.0 Summary of Criticality Results 
For the storage of Westinghouse and Siemens 17x 17 fuel assemblies in the Comanche Peak spent 

fuel storage racks, the acceptance criteria for criticality requires the effective neutron 

multiplication factor, Keff, to be less than 1.0 under No Soluble Boron 95/95 conditions, and less 

than or equal to 0.95 including uncertainties, tolerances and accident conditions with the presence 

of spent fuel pool soluble boron. This report shows that the acceptance criteria for criticality is 

met for the Comanche Peak spent fuel racks for the storage of Westinghouse and Siemens 17x 17 

fuel assemblies under both normal and accident conditions with soluble boron credit and the 

following storage configurations and enrichment limits: 

High Density Spent Fuel Rack Enrichment Limits

All Cell Storage 

3-out-of-4 
Checkerboard 
Storage

Storage of Westinghouse and Siemens 17x17 fuel assemblies in 
any cell location. Fuel assemblies must have an initial nominal 
enrichment no greater than 1.04 w/o 2 3 5 U or satisfy a minimum 

burnup requirement for higher initial enrichments up to 5.00 w/o 
235U . The soluble boron credit required for this storage 
configuration is 800 ppm. Including accidents, the soluble boron 
credit required for this storage configuration is 1700 ppm.  

Storage of Westinghouse and Siemens 17x17 fuel assemblies in a 

3-out-of-4 checkerboard arrangement with empty cells. Fuel 
assemblies must have an initial nominal enrichment no greater 
than 1.51 w/o 235U or satisfy a minimum burnup requirement for 

higher initial enrichments up to 5.00 w/o 235U. A 3-out-of-4 
checkerboard with empty cells means that no more than 3 fuel 

assemblies can occupy any 2x2 matrix of storage cells. The 
soluble boron credit required for this storage configuration is 
700 ppm. Including accidents, the soluble boron credit required 
for this storage configuration is 1900 ppm

The analytical methods employed herein conform with ANSI N18.2-1973, "Nuclear Safety 

Criteria for the Design of Stationary Pressurized Water Reactor Plants," Section 5.7 Fuel 

Handling System, except for the use of pure water; ANSI 57.2-1983, "Design Requirements for 

Light Water Reactor Spent Fuel Storage Facilities at Nuclear Power Plants," Section 6.4.2; 

ANSI/ANS 8.1-1983, "Nuclear Criticality Safety in Operations with Fissionable Materials 

Outside Reactors," Section 4.3; and the NRC Standard Review Plan, Section 9.1.2, "Spent Fuel 

Storage". The spent fuel rack criticality analysis takes credit for the soluble boron in the spent fuel 

pool water as discussed in Reference 1.
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Table 1. Fuel Parameters Employed in the Criticality Analysis 

Westinghouse Westinghouse Siemens 
Parameter 17x17 OFA 17x17 STD 17x17 OFA 

Number of Fuel Rods per 264 264 264 

Assembly 

Fuel Rod Zirc-4 Clad O.D. 0.360 0.374 0.360 
(inch) 

Clad Thickness (inch) 0.0225 0.0225 0.0250 

Fuel Pellet O.D.(inch) 0.3088 0.3225 0.3035 

Fuel Pellet Density 95.5 95.5 95.5 

(% of Theoretical) 

Fuel Pellet Dishing Factor 1.211 1.2074 1.3579 
(%) 

Rod Pitch (inch) 0.496 0.496 0.496 

Number of Zirc Guide 24 24 24 
Tubes 

Guide Tube O.D. (inch) 0.474 0.482 0.480 

Guide Tube Thickness 0.016 0.016 0.016 

(inch) 

Number of Instrument 1 1 1 

Tubes 

Instrument Tube O.D. 0.474 0.482 0.480 
(inch) 

Instrument Tube 0.016 0.016 0.016 
Thickness (inch)

Siemens 
17x17 STD 

264 

0.376 

0.0240 

0.3215 

95.5 

1.2737 

0.496 

'24 

0.480 

0.016 

1 

0.480 

0.016
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Table 2. Comanche Peak High Density All Cell Storage No Soluble Boron 95/95 Keff

Nominal KENO-Va Reference Reactivity: 

Calculational & Methodology Biases: 

Methodology (Benchmark) Bias 

Pool Temperature Bias (50°F - 150F) 

TOTAL Bias 

Tolerances & Uncertainties: 

U0 2 Enrichment Tolerance 

U0 2 Density Tolerance 

Fuel Pellet Dishing Variation 

Cell Inner Diameter 

Cell Pitch 

Cell Wall Thickness 

Asymmetric Assembly Position 

Calculational Uncertainty (95/95) 

Methodology Bias Uncertainty (95/95) 

TOTAL Uncertainty (statistical)

[ ((tolerance/ ... or ... uncertaintyi) ) 
i= 1

Final Keif Including Uncertainties & Tolerances:

Comanche Peak Spent Fuel Racks

0.96756 

0.00770 

0.00033 

.0.00803 

0.01868 

0.00313 

0.00185 

0.00017 

0.00443 

0.00213 

0.00320 

0.00073 

0.00300 

0.02015

0.99574
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Table 3. Comanche Peak High Density All Cell Storage 200 ppm Soluble Boron 9 5/9 5Keff

Nominal KENO-Va Reference Reactivity: 

Calculational & Methodology Biases: 

Methodology (Benchmark) Bias 

Pool Temperature Bias (50*F - 150'F) 

TOTAL Bias 

Tolerances & Uncertainties: 

U0 2 Enrichment Tolerance 

U0 2 Density Tolerance 

Fuel Pellet Dishing Variation 

Cell Inner Diameter 

Cell Pitch 

Cell Wall Thickness 

Asymmetric Assembly Position 

Calculational Uncertainty (95/95) 

Methodology Bias Uncertainty (95/95) 

TOTAL Uncertainty (statistical)

9

Z ((tolerance/ ... or ... uncertaintyi) ) 
i= 1

Final Keff Including Uncertainties & Tolerances:

Comanche Peak Spent Fuel Racks

0.90641 

0.00770 

0.00084 

0.00854 

0.01874 

0.00379 

0.00223 

0.00013 

0.00550 

0.00172 

0.00110 

0.00069 

0.00300 

0.02036

0.93531
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Table 4. Comanche Peak High Density 3-out-of-4 Checkerboard Storage 
No Soluble Boron 95/95 Keff

Nominal KENO-Va Reference Reactivity: 

Calculational & Methodology Biases: 

Methodology (Benchmark) Bias 

Pool Temperature Bias (50*F - 150OF) 

TOTAL Bias 

Tolerances & Uncertainties: 

U0 2 Enrichment Tolerance 

U0 2 Density Tolerance 

Fuel Pellet Dishing Variation 

Cell Inner Diameter 

Cell Pitch 

Cell Wall Thickness 

Asymmetric Assembly Position 

Calculational Uncertainty (95/95) 

Methodology Bias Uncertainty (95/95) 

TOTAL Uncertainty (statistical)

0.97785 

0.00770 

0.00002 

0.00772 

0.01070 

0.00290 

0.00172 

0.00017 

0.00288 

0.00193 

0.00309 

0.00092 

0.00300 

0.01254

9 ((tolerance/ ... or ... uncertaintyi)2) 
i=1

Final Kff Including Uncertainties & Tolerances: 0.99811
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Table 5. Comanche Peak High Density 3-out-of-4 Checkerboard Storage 
200 ppm Soluble Boron 95/95 Keff

Nominal KENO-Va Reference Reactivity: 

Calculational & Methodology Biases: 

Methodology (Benchmark) Bias 

Pool Temperature Bias (50'F - 150°F) 

TOTAL Bias 

Tolerances & Uncertainties: 

U0 2 Enrichment Tolerance 

U0 2 Density Tolerance 

Fuel Pellet Dishing Variation 

Cell Inner Diameter 

Cell Pitch 

Cell Wall Thickness 

Asymmetric Assembly Position 

Calculational Uncertainty (95/95) 

Methodology Bias Uncertainty (95/95) 

TOTAL Uncertainty (statistical)

0.91997 

0.00770 

0.00006 

0.00776 

0.01091 

0.00352 

0.00208 

0.00014 

0.00352 

0.00151 

0.00238 

0.00092 

0.00300 

0.01288

Z ((tolerancei ... or ... uncertaintyi) )

Final Keff Including Uncertainties & Tolerances: 0.94061
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Table 6. Summary of Burnup Requirements for Comanche Peak 

High Density All Cell Configuration

Burnup (MWD/MTU) 

0

Enrich.  
(W/O) 

1.04 

1.20 

1.25 

1.40 

1.60 

1.80 

.2.00 

2.20 

2.40 

2.60 

2.80 

3.00 

3.20 

3.40 

3.60 

3.80

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I
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10180 
11315 

14574 

22141 

2 53-7 6 

284145 

34M75 

36800 

39)459 

42095 

44703 

49780

4.00 52221 

4.20 54581 

4.40 56862 

4.60 59070 

4.80 61208 

4.95 62768 

5.00 63280



Table 7. Summary of Burnup Requirements for Comanche Peak 
High Density 3-out-of-4 Checkerboard Configuration

Enrich. Burnup 

(w/o) (MWD/MTU) 

1.51 0 

1.60 1268 

1.80 5270 

2.00 8853 

2.20 11953 

2.40 14646 

2.60 17044 

2.80 19285 

3.00 21453 

3.20 23637 

3.40 25842 

3.60 28049 

3.80 30237 

4.00 32390 

4.20 34493 

4.40 36546 

4.60 38557 

4.80 40532 

4.95 41992 

5.00 42476
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Total Total 

Soluble Soluble Soluble 
Soluble Boron Soluble Boron Boron Boron Boron 

Spent Storage Required for Required for Credit Required Credit 

Fuel Configuration Uncertainties Equivalencing Required for Required 
Rack Without Accidents With 

(ppm) (ppm) Accidents (ppm) Accidents 

(ppm) (ppm) 

High All Cell 200 600 800 900 1700 

Density Storage 
3-out-of-4 

High Checkerboard 200 500 700 1200 1900 

Density Storage I

C 

0 

0 

"0 
0



1 Y 

I ARRAY 
II 
II

9.0"1 

S-- 7.53"- • 

I I 
! I 

0.075" INNER CELL WALL 

0.066"6 GAP (Water)) 

DETAIL'A' 0.020" WRAPPER (not exist) 

Figure 1. Comanche Peak High Density Spent Fuel Pool Storage Cell 
Nominal Dimensions
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1.04 w/o 1.04 w/o 

1.04 w/o 1.04 w/o 

High Density All Cell Storage 

1.51 w/o 1.51 w/o 

Empty Cell 1.51 w/o

High Density 3-out-of-4 Storage 

Note: All values are initial nominal enrichments.  

Figure 2. Comanche Peak High Density Spent Fuel Storage Configurations
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The axial force, bending moment and safety margin for the critical elements 
of the spent fuel pool under normal condition is given below: 

Axial Force* Bending 
Structural Kips/ft Moment Safety Margin 
Component K-fl/ft 
East Wall 48.18 -362.28 2.46 
West Wall 173.30 74.13 1.42 
North Wall -34.42 -502.77 2.06 
South Wall 58.89 -224.12 1.19 
Slab 50.93 -502.76 1.35 

*Tension Positive 

The axial force, bending moment and safety margin for critical elements of 
the spent fuel pool under factored load conditions is given below: 

Axial Force* Bending 
Structural Kips/ft Moment Safety Margin 
Component K-ft/fl 
East Wall -92.25 -779.34 3.28 
West Wall -0.98 -793.89 1.35 
North Wall 32.57 -434.85 1.87 
South Wall 133.61 -559.02 1.12 
Slab 69.52 -557.23 1.11 

*Tension Positive 

It should be noted that the above results include a reduction in concrete 
strength due to high temperature and thermal cycling for the East and West walls. In addition, these results are based on the following conservative 
assumptions: 

"* The maximum affects of gamma heating are applied to the concrete 
elements from the bottom of the pool, throughout the entire height of the 
racks, to a point several feet above the top of the racks.  

" The maximum wall temperatures, including the affects of gamma 
heating, are applied as indicated above around the entire perimeter of the 
pool. This would require that spent fuel from a full core off-load be placed in the outermost cell of every rack around the perimeter of the 
pool. In practice, newly off-loaded fuel is placed in the Region I racks.  
Therefore, temperatures down the length of the pool side walls and in 
the wall opposite the gate would be reduced.  
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supporting edge. The in-plane forces used for shear capacity evaluation are 
obtained from the finite element solution. The total shear load is obtained by 
integrating the shear force resultants from the finite element solution 
throughout the total width of the support. The ratio of the total available 
capacity of supporting edge to the total shear load acting on the same 
reinforced concrete cross section defines the factor of safety for shear.  

The axial force, bending moment and safety margin for the critical element 
of the SFP2 slab are given below: 

Axial Force* Bending 
Structural Kips/fi Moment Safety Margin 
Component K-ft/ft 
Slab 48.24 369 1.48 

*Tension Positive 

The axial force, bending moment and safety margin for the critical element 
of the SFP2 slab under factored load conditions are given below: 

Axial Force* Bending 
Structural Kips Moment Safety Margin 
Component K-ft/ft 
Slab 54.36 383.04 1.45 

*Tension Positive 

8.2.6.2 Local Structure Integrity 

Mechanical Accidents 

The maximum compressive stress calculated in the concrete as a result of 
the mechanical accident analysis is 11,374 psi. Per the ACI Code, the 
allowable bearing pressure for confined concrete (under static load) is 
1.19fc. For concrete strength of 4000 psi, the allowable bearing pressure 
equals 4760 psi. Based solely on this static limit, one would infer that some 
concrete is crushed below the impact area. However, the deep drop event 
creates a scenario where the concrete is subjected to high strain rates. For 
this evaluation, application of the ACI Code to evaluate concrete limits is 
not appropriate. Under this loading condition, the concrete response can 
only be determined by application of an acceptable stress-strain relation for 
concrete.  

Since the concrete is confined laterally, the deep drop event causes a state of 
tri-axial compression in the concrete. A suitable model for concrete 
material subjected to tri-axial compressive loads is obtained from Appendix 
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8.3.5 Description of Liner Analysis 

8.3.5.1 Gross Liner Structure Integrity 

Analysis of the spent fuel pool liner is based on a combination of hand 
calculations and computer analyses. Hand calculations are used to 
determine strain in the liner due to thermal expansion and friction loads 
from the rack pedestals. To determine the worst case location, the full array 
of pedestals is mapped on the pool floor. Loads induced in the liner due to 
structural deformations and concrete reactions are obtained from the updated 
spent fuel pool analysis described in Section 8.2.5.1 (i.e., the one-half model 
of the Fuel Building).  

8.3.5.2 Local Liner Structure Integrity 

Local structural integrity of the spent fuel pool liner is evaluated using 
results from the mechanical accident analyses described in Section 7.0.  

8.3.6 Liner Acceptance Criteria and Results 

8.3.6.1 Gross Liner Structure Integrity 

The design of spent fuel pool liners is not governed by a specific code other 
than the general requirements of NRC Regulatory Guide 1.13. The design 
of CPSES SFP liners is based on the material strain limits from the ASME 
Boiler and Pressure Vessel Code, Section III, Division 2 (ACI Standard 359) 
for containment liners. This is very conservative since the pool liner 
material is stainless steel which has a much higher strain capacity than 
typical carbon steel containment liners. The extent of ASME criteria 
utilized is limited to the liner plate allowables presented in Table CC-3720-1 
of the Code. Liner plate seam welds, other than fillets, are evaluated using 
the liner plate acceptance criteria.  

Liner plate allowables are presented in Table 8.3-1 of this document. Liner 
plate fillet welds when subjected to mechanical loads are evaluated in 
accordance with AISC rules with allowables increased by a factor of 1.5.  
Liner stud acceptance criteria is presented in Table 8.3-2. Results of the 
liner evaluation are presented in Table 8.3-3.  

8.3.6.2 Local Liner Structure Integrity 

The maximum strain in the liner resulting from a mechanical accident is 
0.0026 in/in. This is less than the allowable tensile strain of 0.003 in/in for 
this abnormal condition.  
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TABLE 8.3-3 
SUMMARY OF MAXIMUM STRAINS/DISPLACEMENTS IN 

CRITICAL COMPONENTS OF THE SPENT FUEL POOL LINER/ANCHORAGE

I

Page 8-62 Report HI-20024022

Liner Welds Studs 

Load Combination Actual Strain Actual Displ Actual Displ 
(Allowable Strain) (Allowable Displ) (Allowable Displ) 

Normal 0.00154 in/in 0.0046 in 0.0130 in 
(D+L+ToM) (0.0020 in/in) (0.0066 in) (0.0400 in) 

Extreme Environmental 0.0024 in/in 0.0048 in 0.0500 in 
(D+L+ToM+SSE) (0.0050 in/in) (0.0132 in) (0.0800 in) 

Abnormal Thermal/Extreme Environmental 0.0038 in/in 0.0091 in 0.0790 in 
(D+L+TOA+SSE) (0.0050 in/in) (0.0132 in) (0.0800 in)


