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1.0 Introduction

This report presents the results of a criticality analysis of the Farley Nuclear Plant Units 1 and 2
spent fuel storage racks using credit for soluble boron in the spent fuel pool. The methodology

employed here is contained in the topical report, "Westinghouse Spent Fuel Rack Criticality
Analysis Methodology"'"’

The spent fuel storage rack design considered herein is an existing array of fuel racks, previously
qualified'®) (with Boraﬂex[ for storage of various 17x17 fuel assembly types with maximum
enrichments up 10 5.0 w'o “**U. In this report, no credit is taken for the presence of Boraflex in
the racks. A single storage configuration is currently allowed. This configuration allows fuel
assemblies to be stored in an all cell patten of fuel assemblies with nominal enrichments up to
3.9 w/o ***U (with no burnup or IFBA'*"), or up 10 5.0 w/o 25U (with IFBA credit).

The Farley spent fuel racks are reanalyzed to allow storage of all 17x17 fuel assemblies used at
Farley with nominal enrichments up to 5.0 wo 235U in all storage cell locations using credit for
checkerboard configurations, burnup credit, and Integral Fuel Burnable Absorber (IFBA) credit.
The analysis does not take any credit for the presence of the spent fuel rack Boraflex poison

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

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

Enrichment Limits location with nominal enrichments no greater than 2.15 w/o *33U.
Fuel assemblies with initial nominal enrichments greater than this
must satisfy a minimum burnup requirement.

3-out-of-4 Storage of Westinghouse 17x17 fuel assemblies in a 3-out-of-4
Checkerboard checkerboard arrangement with empty cells. Fuel assemblies must
Storage Enrichment  have an initial nominal enrichment no greater than 3.0 w/o ***U or
Limits satisfy a minimum bumup requirement for higher initial

enrichments. 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.

2-out-of-4 Storage of Westinghouse 17x17 fuel assemblies in a 2-out-of-4
Checkerboard - checkerboard arrangement with empty cells. Fuel assemblies must
Storage Enrichment have an initial nominal enrichment no greater than 5.0 w/o 2y,
Limits A 2-out-of-4 checkerboard with empty cells means that no 2 fuel

assemblies may be stored face adjacent. Fuel assemblies may be
stored corner adjacent.

Introduction 1



Burned/Fresh Storage of Westinghouse 17x17 fuel assemblies in a burned/fresh

Checkerboard checkerboard arrangement. Any 2x2 matrix of storage cells
Storage Enrichment consists of 3 cells with fuel assemblies which must have an initial
Limits nominal enrichment no greater than 1.6 w/o 2**U or satisfy a

minimum burnup requirement for higher initial enrichments. The
remaining fuel assembly must have an initial nominal enrichment
no greater than 3.9 wio *°U or satisfy a minimum I[FBA
requirement for higher initial enrichments.

The soluble boron concentrations required for these storage configurations are 400 ppm for
normal conditions and 850 ppm for accidents.

The Farley spent fuel rack analysis is based on maintaining K& < 1.0 including uncertainties and
tolerances on a 95/95 basis without the presence of any soluble boron in the storage pool (No
Soluble Boron 9595 K, g conditions). Soluble boron credit is used to provide safety margin by
maintaining 9595 K& < 0.95 including uncertainties, tolerances, and accident conditions in the
presence of spent fuel pool soluble boron.

1.1  Design Description

The Farley spent fuel storage cell rack 1s depicted in Figure | on page 43. Nominal dimensions
are provided on the figure.

Fuel types being considered in the analyses include the Westinghouse 17x17 OFA and the
Westinghouse 17x17 STD fuel assembly types previously used in the reactors and currently in
storage in the Farley spent fuel pool. The Westinghouse 17x17 OFA design is equivalent to the
Westinghouse 17x17 VANTAGE 5 fuel type currently in use and is covered by this analysis. The
fuel rod cladding, guide tube and instrumentation tube are modeled with zircaloy in this analysis.
This is conservative with respect to the Westinghouse ZIRLO™ product which is a zirconium
alloy containing additional elements including niobium. Niobium has a small absorption cross
section which causes more neutron capture in these regions resulting in a lower reactivity.
Therefore, this analysis is conservative with respect to fuel assemblies containing ZIRLO™,
Thus, the fuel types considered account for all fuel types currently in use or used in the past at
Farley. Results are presented for whichever fuel type, OFA or STD, is bounding for the particular
configuration. '

The fuel parameters relevant to this analysis are given in Table | on page 36.

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 no credit is
taken for the presence of Boraflex panels in the racks.

t2
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Imr thus report, the reactivity of the spent fuel rack is analyzed such that K g remains less than 1.0
vnder No Soluble Boron 95/95 K.g 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 Farley spent fuel pool. This parameter provides significant negative reactivity in the
criticality analysis of the spent fuel rack and will be used here in conjunction with administrative
controls to offset the reactivity increase when ignoring the presence of the spent fuel rack
Boraflex peison panels. Soluble boron credit provides sufficient relaxation in the enrichment
limits of the spent fuel racks to allow the racks to be used under checkerboarded conditions with
no credit for the Boraflex poison panels. If some amount of Boraflex material is considered
remaining, the reactvity of the spent fuel rack and the amount of soluble boron required to
maintain 95/95 K g < 0. 95 will be reduced.

The design basis for preventing criticality outside the reactor is that, including uncertainties, there

is a 95 percent probability at 2 95 percent confidence level that the effective neutron multiplication
factor, K.g, of the fuel rack array will be less than or equal to 0.95.

Introduction 3



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 insure: the cnticality safety of fuel assemblies in the fuel storage rack
is described in detail in the Westinghouse Spent Fuel Rack Criticality Analysis Methodology
wpical report''’. This report describes the computer codes, benchmarking, and methodology
which are used to calculate the cniticality safety limits presented in this report for Farley.

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 with a 95 percent
probability at a 95 percent confidence level standard deviation on the bias of 0.0030 AK. These
values will be used throughout this report as needed.

Analytical Methods 4



3.0 Criticality Analysis of All Cell Storage

This section describes the analytical techniques and models employed to perform the criticality
analysis and reactivity equivalencing evaluations for the Farley spent fuel storage racks all cell
enrichment limits using credit for soluble boron.

Section 3.1 descnbes the No Soluble Boron 9595 K 4 KENO-Va calculations performed for the
all cell storage configuration. Section 3.2 discusses the results of the spent fuel rack K g soluble
boron credit calculations. Finally, Section 3.3 presents the results of calculations performed to
show the mimimum burnup requirements for assemblies with higher initial ennichments above
those determined in Section 3.1. The all cell storage configuration is shown in Figure 2 on
page 49.

3.1 No Soluble Boron 95/95 K¢

To determine the enrichment required to maintain Ko < 1.0, KENO-Va is used to establish a
nominal reference reactivity and PHOENIX-P is used to assess the effects of matenal and
construction tolerance vanations. A final 95/95 K 4 is developed by statistically combining the
individual tolerance impacts with the calculational and methodology uncertainties and summing
this term with the nominal KENO-Va reference reactivity. The equation for determining the final
95/95 K 1s defined in Reference 1.

The following assumptions are used to develop the No Soluble Boron 95/95 K4 KENO-Va model
for storage of fuel assemblies in the Farley spent fuel storage racks:

|. The fuel assembly parameters relevant to the cnticality analysis are based on the
Westinghouse 17x17 OFA and 17x17 STD designs (see Table | on page 36 for fue!
parameters). The 17x17 VANTAGE § fuel design parameters relevant to the criticality
analysis are the same as the OFA parameters and will yield equivalent results. The
Westinghouse 17x17 STD design bounds the reactivity of all fuel assembly types for this
configuration.

2. Westinghouse 17x17 OFA and STD fuel assemblies contain uranium dioxide at a2 nominal
enrichment of 2.15 w/o 23°U over the entire length of each rod.

3. The fuel pellets are modeled assuming nominal values for theoretical density and dishing
fraction.

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 used at
Farley including those with annular pellets at the fuel rod ends, if used in the future.

5. No credit is taken for any 2341 or 238U 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.

Cniticality Analysis of All Cell Storage 5



8. No credit is taken for the presence of spent fuel rack Boraflex poison panels. The Boraflex
volume is replaced with water.

9. The moderator is water with 0 ppm soluble boron at a temperature of 68°F. A water density of
1.0 gmcm3 is used.

10. The fuel assembly array is conservatively modeled as infinite in lateral (x and y) extent an¢
finite 1n axial (vertical) extent with a 3 inch water region on the top of the fuel in the axial
direction or conservatively modeled as infinite.

11. All available storage cells are loaded with fuel assemblies.

With the above assumptions, the KENO-Va calculations of K.g under normal conditions resulted
in a Kegrof 0.96231 for Westinghouse STD fuel assemblies, as shown in Table 2 on page 37.

Calculational and methodology biases must be considered in the final K g summation prior to
comparing against the 1.0 K g limit. The following biases are included:

Methodology: The benchmarking bias as determined for the Westinghouse KENO-Va
methodology was considered.

Water Temperature: A reactivity bias 1s appli;:d to account for the effect of the normal range
of spent fuel pool water temperatures (50°F to 180°F).

To evaluate the reactivity effects of possible vanations in material characteristics and
mechanical construction dimensions, perturbation calculations are performed using PHOENIX-P.
For the Farley spent fuel rack all cell storage configuration, UO, material tolerances are
considered along with construction tolerances related to the cell 1.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:

2350 Enrichment: The enrichment tolerance of £0.05 w/o >*U about the nominal reference
enrichment of 2.15 w/o 235U was considered.

UO; Density: A +2.0% vanaiion about the nominal reference heoretical density (the nominal
reference values are listed in Table | on page 36) was considere .

Fuel Pellet Dishing: A vaniation in fuel pellet dishing fraction fror. 0.0% to twice the nominal
dishing (the nominal reference values are listed in Table 1 on page 3v" was considered.

Storage Cell L.D.: The +0.045 inch tolerance about the nominal 8.90 inch reference cell 1.D.
was considered.

Storage Cell Pitch: The +0.06 inch tolerance about the nominal 10.75 inch reference cell pitch
was considered.

Stainless Steel Thickness: The +0.012 inch tolerance about the nominal 0.12 inch reference
stainless steel thickness for all rack structures was considered.

Critcality Analysis of All Cell Storage 6



Assembly Position: The KENO-Va reference reactivity calculation assumes fuel assemb’ s
are symmetrically positioned within the storage cells. Conservative calculations show that an
Increase in reactivity can occur if the corners of four fuel assemblies are positioned together.

This reactivity increase was 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 K, ¢ was considered.

Methodology Uncertainty: The 95 percent probat.ility/95 percent confidence uncertainty in
the benchmarking bias as determined for the Westinghouse KENO-Va methodology was
considered.

The 9595 K, tor the Farley spent fuel rack all cell storage configuration is developed by adding
the temperature and methodology biases and the statistical sum of independent tolerances and
uncertainties to the nominal KENO-Va reference reactivity. The summation is shown in Table 2
and results in a 9595 K g 0f 0.99201 for Westinghouse STD fuel assemblies.

Since Kegr 15 less than 1.0 for the limiting fuel type, the Farley spent fuel racks will remain
subcritical when all cells are loaded with 2.15 w/o U Westinghouse 17x17 OFA VANTAGE 5,
or STD fuel assemblies and no soluble boron is present in the spent fuel pool w: er. In the next
section, soluble boron credit will be used to provide safety margin by determining the amount of
soluble boron required to maintain K. < 0.95 including tolerances and uncertainties.

3.2 Soluble Boron Credit K 4 Calculations

To determine the amount of soluble boron required to maintain K g < 0.95, KENO-Va is used to
establish a nominal reference reactivity and PHOENIX-P is used to assess the effects of matenal
and construction t~ierance variations. A final 95/95 K, 4 1s developed by statistically combining
the individual tolerance impacts with the calcuiational and methodology uncertainties and
summing this term with the nominal KENO-Va reference reactivity.

'

The assumptions used 10 deveiop the nominal case KENO-Va model for soluble boron credit for
all cell storage in the Farley spent fuel racks are the same as those in Section 3.1 except for
assumption 9 regarding the moderator soluble boron concentration. The moderator used is water
with 200 ppm of soluble boron for the Westinghouse STD fuel assembly type.

With the above assumptions, the KENO-Va calculation for the nominal case results in a Ko of
0.90920 for Westinghouse STD fuel as shown in Table 3 on page 38.

Calculational and methodology biases must be considered in the final K ¢ summation prior to
comparing against the 0.95 K 4 limit. The following biases are included:

Methodology: The benchmarking bias as determined for the Westinghouse KENO-Va
methodology was 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 180°F).

Crnincality Analysis of All Cell Storage 7



To evaluate the reactivity effects of possible variations in matenial characteristics and
mechanical construction dimensions, PHOENIX-P perturbation calculations are performed. For
the Farley spent fuel rack all cell storage configuration, UO, material tolerances are considered
along with construction tolerances related to the cell .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:

2350 Enrichment: Thcﬁcr:richmcnt tolerance of +0.05 w/o ***U about the nominal reference
enrichment of 2.15 w/o 35U was considered.

U0, Density: A +2.0% variation about the nominal reference theoretical density (the nominal
reference values are listed in Table | on page 36) was considered.

Fuel Pellet Dishing: A vanation in fuel pellet dishing fraction from 0.0% to twice the nominal
dishing (the nominal reference values are listed in Table | on page 36) was considered.

Storage Cell 1.D.: The +0.045 inch tolerance about uie nominal 8.90 inch reference cell 1.D.
was considered.

Storage Cell Pitch: The +0.06 inch tolerance about the nominal 10.75 inch reference cell pitch
was considered.

Stainless Steel Thickness: The +0.C12 inch tolerance about the nominal 0.12 inch reference
stainless steel thickness for all rack structures was 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 corners of four fuel assemblies are positioned together.
This reactivity increase was 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 K¢ was considered.

Methodology Uncertainty: The 95 percent probability/95 percent confidence uncertainty in
the benchmarking bias as determined for the Westinghouse KENO-Va methodology was
considered. ;

The 95/935 K¢ for the Farley spent fuel rack al! cell storage configuration is developed by adding
the temperature and methodology biases and the statistical sum of independent tolerances and
uncertainties to the nominal KENO-Va reference reactivity. The summation is shown in Table 3
and results in a 95/95 K g of 0.93741 for Westinghouse STD fuel assemblies.

Since K. is less than 0.95 including soluble boron credit 2nd uncertainties at a 95/95
probability/confidence level, the acceptance criterion for criticality is met for the all cell storage
of 17x17 fuel assemblies in the Farley spent fuel racks. Storage of fuel assemblies with nominai
enrichments up to 2.15 w/o 235U is acceptable for Westinghouse OFA, VANTAGE §, or STD fuel
assembly types in all cells of the Farley spent fuel racks including the presence of 200 ppm of
soluble boron.

Criticality Analysis of All Cell Storage 8



3.3 Burnup Reactivity Equivalencing

Storage of fuel assemblies with enrichments higher than 2.15 w/o 2**U for the Westinghouse
OFA, VANTAGE 5§, and STD fuel types in the Farley spent fuel rack all cell configuration is
achievable by means of 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 are performed to generate a set of
enrichment-fuel assembly discharge burnup ordered pairs which all yield an equivalent K, 4 when
stored in the spent fuel storage racks.

Figure 3 on page 50 shows the constant K.« contour as a function of assembly average burnup,
generated for the Farley spent fuel rack all cell configuration. Curve | of Figure 3 represents
combinations of fuel ennchment and discharge burnup which yieid the same rack multiplication
factor (K.¢) as the rack loaded with 2.15 wio 33U fuel (at zero burnup) for Westinghouse STD
fuel assemblies in all cell locations.

Uncertainties associaied with bumup credit include a reactivity uncenainty of 0.01 AK at
30.000 MWD/MTU applied linearly to the burnup credit requirement to account for calculational
and depletion uncertainties and 5° on the calculated burnup to account for hurnup measurement
uncertainty. The amount of additional soluble boron needed to account for these uncertainties in
the burnup requirement of Curve | on Figure 3 is 200 ppm for the Westinghouse STD fuci
assembly type. This is additional boron above the 200 ppm required for Westinghouse STD fuel,
as calculated in Scction 3.2, This results in a total soluble boron requirement of 400 ppm for the
Westinghouse STD fuel assembly type.

It is important to recognize that Curve | in Figure 3 is based on calculations of constant rack
reactivity. In this way, the environment of the storage rack and its influence on assembly reactivity
are implicitly considered. For convenience, the data from Figure 3 is also provided in Table 9 on
page 44. Use of linear interpolation between the tabulated values is acceptable since Curve |
shown in Figure 3 is approximately linear between the tabulated points. :

The effect of axial burnup distribution on assembly reactivity has been considered in the
development of the Farley burnup credit limit. Previous evaluations have been performed to
quantify axial burmup reactivity effects and to confirm that the reactivity equivalencing
methodology described in Reference 1 results in calculations of conservative burnup credit limits.
The evaluations show that axial burnup effects can cause assembly reactivity to increase only at
burnup-enrichment combinations which are beyond those calculated for the Farley burnup credit
limit. Therefore, additional accounting of axial burnup distribution effects in the Farley burnup
credit limit is not necessary.

Cniticality Analysis of All Cell Storage 9



4.0 Criticality Analysis of 3-out-of-4 Checkerboard
Storage

This section describes the analytical techniques and models employed to perform the criticality
analysis and reactivity equivalencing evaluations for the Farley spent fuel storage racks 3-out-of-4
cells enrichment limits using credit for soluble boron.

Section 4.1 describes the No Soluble Boron 95/95 K, KENO-Va calculations performed for the
3-out-of-4 cells storage configuration. Section 4.2 discusses the results of the spent fuel rack K¢
soluble boron credit calculations. Finally, Section 4.3 presents the results of calculations
performed to show the minimum burnup requirements for assemblies with higher initial
enrichments above those determined in Section 4.1. The 3-out-of-4 storage configuration is
shown in Figure 2 on page 49.

4.1 No Soluble Boron 95/95 K¢

To determine the enrichment required to maintain K.g < 1.0, KENO-Va is used to establish a
nominal reference reacuvity and PHOENIX-P 1s used to assess the effects of material and
construction tolerance vanations. A final 9595 K g 1s developed by statistically combining the
individual tolerance impacts with the calculational and methodology uncertainties and sumriing
this term with the nominal KENO-Va reference reactivity. The equation for determining the final
95/95 K g is defined in Reference |.

The following assumptions are used to develop the No Soluble Boron 95/95 K ¢ KENO-Va model
for storage of fuel assemblies in the Farley spent fuel storage racks:

|. The fuel assembly parameters relevant to the cnticality analysis are based on the
Westinghouse 17x17 OFA and 17x17 STD designs (see Table | on page 36 for fuel
parameters). The 17x17 VANTAGE 5 fuel design parameters relevant to the criticality
analysis are the same as the OFA parameters and will yield equivalent results. The
Westinghouse i7x17 OFA design bounds the reactivity of all fuel assembly types for this
configuration.

2. Westinghouse 17x17 OFA and STD fuel assemblies contain uranium dioxide at a nominal
enrichment of 3.0 w/o #**U over the entire length of each rod.

3. The fuel pellets are modeled assuming nominal values for theoretical density and dishing
fraction.

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 used at
Farley including those with annular pellets at the fuel rod ends, if used in the future.

n

No credit is taken for any ***U or 2361 in the fuel, nor is any credit taken for the buildup of
fission product poison matenal.

6. No credit 1s taken for any spacer grids or spacer sleeves.
No credit is taken for any burnable absorber in the fuel rods.

Criticality Analysis of 3-out-of-4 Checkerboard Storage 10



8. No credit is taken for the presence of spent fuel rack Boraflex poison panels. The Boraflex
volume 15 replaced with water.

9. The moderator is water with 0 ppm soluble boron at a temperature of 68°F. A water density of
1.0 gmvcm3 is used.

10. The fuel assembly array is conservatively modeled as infinite in lateral (x and y) extent and
finite 1n axial (vertical) extent with a 3 inch water region on the top of the fuel in the axial
direction or conservatively modeled as infinite.

11. Fuel storage cells are loaded with fuel assemblies in a 3-out-of-4 checkerboard arrangement.
A 3-out-of-4 checkerboard with empty cells means that no more than 3 fuel assemblies can
occupy any 2x2 matnx of storage cells.

With the above assumptions, the KENO-Va calculations of K¢ under normal conditions resulted
in a Ko of 0.97212 for Westinghouse OFA fuel assemblies, as shown in Table 4 on page 39.

Calculational and methodology biases must be considered in the final K g summation prior to
comparing against the 1.0 K g limit. The following biases are included:

Methodology: The benchmarking bias as determined for the Westinghouse KENO-Va
methodology was considered.

Water Temperature: A reactivity bias i1s applied to account for the effect of the normal range
of spent fuel pool water temperatures (50°F to 180°F).

To evaluate the reactivity effects of possible vanations in matenal characteristics and
mechanical/construction dimensions perturbation calculations are performed using PHOENIX-P.
For the Farley spent fuel rack 3-out-of-4 cells storage configuration, UO, material tolerances are
considered along with construction tolerances related to the cell 1.D., storage cell pitch, and
stainless steel wall thickness. Uncertainties associated with caiculation 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:

1351 Enrichment: The enrichment tolerance of +0.05 w/o 2351 about the nominal reference
enrichment of 3.0 w/o 2357 was considered.

U0, Density: A +2 0% variation about the nominal reference theoretical density (the nominal
reference values are listed in Tabie 1 on page 36) was considered.

Fuel Pellet Dishing: A variation in fuel pellet dishing fraction from 0.0% to twice the nominal
dishing (the nomina! reference values are listed in Table | on page 36) was considered.

Storage Cell L.D.: The £0.045 inch tolerance about the nominal 8.90 inch reference cell 1.D.
was considered.

Storage Cell Pitch: The 0.06 inch tolerance about the nominal 10.75 inch reference cell pitch
was considered.
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Stainless Steel Thickness: The +0.012 inch tolerance about the nominal 0.12 inch reference
stainless steel thickness for all rack structures was considered.

Assembly Position: The KENO-Va reference reactivity calculation assumes fuel assemblies
are symmetncally positioned within the storage cells. Conservative calculations show that an
increase in reactivity can occur if the corners of four fuel assemblies are positioned together.
This reactivity increase was 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 K, 4 was considered.

Methodology Uncertainty: The 95 percent probability/95 percent confidence uncertainty in
the benchmarking bias as determined for the Westinghouse KENO-Va methodology was
considered.

The 95/95 K¢ for the Farley spent fuel rack 3-out-of-4 cells storage configuration i1s developed by
adding the temperature and methodology biases and the statistical sum of independent tolerances
and uncertainties to the nominal KENO-Va reference reactivity. The summation is shown in
Table 4 and results in a 95/95 K. g of 0.99558 for Westinghouse OFA fuel assemblies.

Since K.q 18 less than 1.0 for the limiting fuel type, the Farley spent fuel racks will remain
subcritical whe~ 3-out-of-4 cells are loaded with 3.0 w/o ***U Westinghouse 17x17 OFA,
VANTAGE 5, or STD fuel assemblies and no soluble boron is present in the spent fuel pool water.
In the next section, soluble boron credit will be used (o provide safety margin by determining the
amount of soluble boron requied to maintain K g < 0.95 including tolerances and uncertainties.

4.2 Soluble Boron Credit K g Calculations

To determine the amount of soluble boron required to maintain K.g € 0.95, KENO-Va is used to
establish a nominal reference reactivity and PHOENIX-P is used to assess the effects of matenal
and construction tolerance variations. A final 95/95 K g is developed by statistically combining
the individual tolerance impacts with the calculational and methodology uncertainties and
summing this term with the nominal KENO-Va reference reactivity.

The assumptions used to develop the nominal case KENO-Va model for soluble boron credit for
3-out-of-4 cells storage in the Farley spent fuel racks are the same as those in Section 4.1 except
for assumption 9 regarding the moderator soluble boron concentration. The moderator used 1s
water with 200 ppm of soluble boron for the Westinghouse OFA fuel assembly type.

With the above assumptions, the KENO-Va calculation for the nominal case results in a Keg of
0.92351 for Westinghouse OFA fuel as shown in Table 5 on page 40.

Calculational and methodology biases must be considered in the final K g summation prior to
comparing against the 0.95 K¢ limit. The following biases are included:

Methodology: The benchmarking bias as determined for the Westinghouse KENO-Va
methodology was considered.
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Water Temperature: A reactivity bias is applied to account for the effect of the normal range
of spent fuel pool water temperatures (S0°F to 180°F).

To evaluate the reactivity effects of possible variations in material characteristics and
mechanical construction dimensions, PHOENIX-P perturbation calculations are performed. For
the Farley spent fuel rack 3-out-of-4 cells storage configuration, UO, material tolerances are
considered along with construction tolerances related to the cell 1.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:

e - :
25U Enrichment: 'lhcsennchmcm tolerance of +0.05 w/o 2>5U about the nominal reference
enrichments of 3.0 w/o *>*U was considered.

U0, Density: A +2.0% vanation about the nominal reference theoretical density (the nominal
reference values are listed in Table | on page 36) was considered.

Fuel Pellet Dishing: A vanation in fuel pellet <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>