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1 INTRODUCTION AND RESULTS

The purpose of this report is to support the Extended Power Uprate (EPU) at Turkey Point Units 3 and 4.
The EPU has two major impacts on the criticality analysis: (1) The fuel maximum enrichment Technical
Specification is increased from 4.5 wt%/o 235U to 5.0 wt% 235U, and (2) the depletion of fuel at the EPU
conditions results in the fuel being more reactive at the same burnup than fuel depleted under pre-EPU
conditions. This is due to the higher fuel and moderator temperatures that result in a harder neutron
spectrum, resulting in more plutonium production.

This report documents the criticality safety evaluation for the storage of PWR nuclear fuel assemblies in
the New Fuel Storage Rack and the Spent Fuel Pool (SFP). The SFP consists of the permanent Region 1
and Region 2 racks and the removable Cask Area Rack. The criticality analysis contained in this report
will completely supersede Reference 9.

1.1 OVERVIEW

The existing Region 1 and 2 racks analyzed in this report are evaluated for the placement of fuel with new
allowable storage configurations. Consistent with the storage patterns in License Amendment No. 234
(Unit 3) and No. 229 (Unit 4), this evaluation credits neutron absorber inserts placed into the Region 2
racks to partially offset an assumed full loss of the Boraflex. In this analysis, credit is taken for the
negative reactivity associated with burnup and post-irradiation cooling time. Additionally, credit is taken
for the presence of soluble boron in the spent fuel pool and for the presence of full-length rod cluster
control assemblies (RCCAs) placed in selected fuel assemblies. The presence of Integrated Fuel
Burnable Absorber (IFBA) rods is also credited for certain fresh fuel evaluations.

The Cask Area Rack in the SFP (Amendments 226 (Unit 3) and 222 (Unit 4)) is evaluated for the use of
the higher fresh fuel enrichment (5.0 wt% 235U). The Cask Area Rack is currently licensed for placement
of fresh fuel of up to 4.5 wt% 235U. Similarly, the New Fuel Storage Rack is analyzed for the higher
enrichment.

To clearly distinguish between the inserts placed into rack cells and the control components inserted into
fuel assemblies, the term "insert" by itself always refers to the MetamicTM neutron absorber inserts placed
into the Region 2 racks. The full-length control components are always referred to as RCCAs, and other
inserts placed into assemblies during depletion are always clearly characterized, e.g., as Pyrex inserts, Wet
Annular Burnable Absorber (WABA) inserts, or hafnium inserts.

The relevant fuel assembly and fuel rack specifications are identical between Turkey Point Unit 3 and
Unit 4, All analyses and conclusions presented in this report therefore apply to both units.

1.2 REGIONS 1 AND 2 FUEL STORAGE ARRAYS

In order to achieve the objective of qualifying the existing racks for placement of fuel of higher
enrichment and operation under EPU conditions, it is necessary to separate fuel assemblies into categories
and define appropriate storage configurations for each fuel assembly category. The combination of a fuel
assembly category and a storage configuration will be termed a "storage array."
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Eleven different 2x2 storage arrays are defined and analyzed to be subcritical. These are shown in
Figures 1-1 and 1-2. These arrays are developed to efficiently store the fuel projected from EPU fuel
management studies. These storage arrays are designed to accommodate both fresh fuel and spent
discharged fuel. The array and fuel category nomenclature is the same as the current Boraflex remedy
Technical Specifications (Reference 9) except that two fuel categories and two storage arrays are added.
This analysis will completely supersede the analysis documented in Reference 9.

The analyses summarized in this report confirm the acceptability of each storage array and determine
what limitations are placed on the use of each array. It is important to note that each 2x2 array is analyzed
with fuel of the maximum allowable reactivity for the category. Therefore, fuel of a lower reactivity
(i.e., greater burnup) may also be placed in the array. It is not necessary to use all defined arrays in the
configuration of the spent fuel pool.

A total of 13 (thirteen) fuel categories are established and are presented below in Table 1-1.

Table 1-1 Fuel Categories Ranked by Reactivity

1-1 High Reactivity

Region 1 1-2

1-3

Il-I

1-2a

I1-2b

11-2c

11-3
Region 2 11-4

11-5

11-6

11-7 Low Reactivity

11-8

Notes:
1. Fuel Category is ranked by decreasing order of reactivity without regard for any reactivity-reducing mechanisms,

e.g., Category 1-2 is less reactive than Category I-1, etc. The more reactive fuel categories require compensatory
measures to be placed in Regions 1 and 2 of the SFP, e.g., use of water filled cells, Metamic inserts, or full length
RCCAs.

2. Category I-I is fresh fuel up to 5.0 wt% 235U. Category 1-2 is fresh fuel up to 4.7 wt% 235U with no burnable absorber
rods, fresh fuel up to 5.0 wt% 235U with at least 16 IFBA rods (or an equivalent amount of other burnable absorber), or
burned fuel up to 5.0 wt% 235U that is burned to at least 500 MWD/MTU. The reactivity of an assembly with only 16
I FBA rods (or an equivalent amount of other burnable absorber) monotonically decreases with burnup, therefore
Category 1-2 includes any fuel assembly with 16 IFBA rods (or an equivalent amount of other burnable absorber),
regardless of burnup.

These fuel categories are utilized in the allowed configurations shown in Figures 1-1 and 1-2.
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All categories except 1-1 and 1-2 require a loading curve that specifies the minimum assembly burnup as a
function of initial 235U enrichment and cooling time.

1.2.1 Interface Requirements

In addition to the storage configurations described above there are special restrictions on configurations
next to, the pool wall and the Region l/Region 2 interface. There are no special restrictions for the
interface with the cask area rack.

Along the interface between Region I and Region 2 racks, the following restrictions apply to the
placement of assemblies in the Region 2 racks:

For arrays requiring two inserts, there must be an insert in at least every other assembly in the
outer row of Region 2 cells facing the Region 1 rack (see Figure 1-3 for examples); and

For fuel arranged as required by Arrays 1I-A, I-C, or 1I-D, the insert or empty cell required by
these arrays, as applicable, must be located in the outer row of Region 2 cells facing the Region 1
rack.

* There are no restrictions for placement of Arrays 11-E and 11-F

Figure 1-3 below illustrates the interface requirements between Region 1 and Region 2 racks.

For the cells facing the pool wall, calculations have been performed to provide flexibility on how fuel can
be placed. Fuel assemblies of higher reactivity (Category li-2b or II-2c) can be placed facing the pool
wall without inserts or full length RCCAs as an alternative to the use of the storage arrays described in
Figure 1-2. Placement of this fuel without inserts or full length RCCAs is acceptable if the fuel in the
adjacent 2x2 interior cells contains at least one insert and fuel placed in the 2nd and 3rd row of cells
matches Arrays 1I-B 1 through II-D criteria. Arrays 1I-E and I-F can be placed next to Category ii-2b fuel
placed without inserts or full length RCCAs along the periphery with no restrictions.

Examples of permissible arrangements along the pool walls with either Category I1-2b or 1-2c fuel on the
periphery are illustrated in Figure 1-4.

1.2.2 Additional Loading Restrictions

The Metamic inserts placed in Region 2 storage racks must be positioned with the same spatial orientation
within the 2x2 array and each overlapping 2x2 to be credited. Any inserts installed in the 2x2 array and
each overlapping 2x2 with an orientation different from the predominant orientation of the installed
inserts are not to be credited for reactivity control unless specific calculations considering the as-installed
geometric arrangement are performed and demonstrate acceptable results. Placement of extra inserts, use
of arrays that don't require inserts and selected placement of full length RCCAs can be used to acceptably
change the insert orientation within the pool.
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Empty (water-filled) storage cells required for Arrays I-A and I1-A are not to contain a fuel rod basket,
trash or non-fuel hardware, unless condition-specific calculations are performed to show that these items

meet the criticality requirements.

A maximum of 57 GWD/MTU of burnup credit can be taken for any 6 inch natural blanket assemblies

depleted under EPU conditions. It is anticipated that this restriction will only apply to the first Uprate
cycle since the fuel design is being transitioned to the Upgrade fuel that utilizes 8 inch blankets. Since the
use of the previous design will be limited, it is appropriate to handle this restriction using internal
administrative controls.

1.3 BURNUP VERSUS ENRICHMENT CURVES

For all Fuel Categories except I-1 and 1-2, an equation specifying the minimum required burnup as a

function of the initial enrichment and post-irradiation cooling time is developed. The uncertainty in the
reactor record burnup is included in the determination of the minimum bumup requirement and so it is
appropriate to use the nominal reactor record burnup before comparing to the minimum required burnup
determined from the loading curves. The burnup requirements are established as 3rd degree polynomial
functions in the form of

Bu = (A, + A2*En + A3*En 2 + A4*En3)* exp [- (A5 + A6*En + A7*En 2 + A8*En3)*Ct]
+ A9 + Aio*En + A,1*En 2 + Ai2*En3

where:

Bu = Minimum required assembly average bumup (GWD/MTU)
En = Initial 2 35U Enrichment (wt%)
Ct = Post Irradiation Cooling Time (years)
Aj = Coefficients (see Tables 1-2 and 1-3)

Separate functional relationships are developed for axial blanketed fuel assemblies and pre-EPU fuel
assemblies without axial blankets. The loading curves for blanketed fuel assemblies are developed by
depleting the fuel under EPU conditions. Pre-EPU assemblies with axial blankets must use the EPU
curves. The EPU curves are conservative for pre-EPU conditions (see Section 4.4). Note that for
blanketed assemblies, the enrichment to be used in the loading curve equation is the enrichment of the
axial section between the blanket material (the enrichment of the axial blankets is excluded when
determining the assembly enrichment for application of the loading curve).

Since the loading curve is an exponential in cooling time, any cooling time between 72 hours and
25 years is allowed to be evaluated by the curve for blanketed fuel assemblies and between 10 years and
25 years for non-blanketed fuel assemblies. Fuel assemblies with cooling times greater than 25 years
must conservatively use a value of 25 years.

The loading curves are valid for any enrichment between 2.0 and 5.0 for blanketed assemblies and
between 1.8 and 4.0 for non-blanketed assemblies.
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Coefficients for all loading curves, for both EPU blanketed assemblies and pre-EPU non-blanketed
assemblies, are listed in Tables 1-2 and 1-3. Required burnup values for selected initial enrichments are
detennined from these coefficients and are listed in Tables 1-4 and 1-5 for information. Note that some
burnups are above the current licensed limits but they are included for completeness. It is anticipated that
the bumup requirements generated from the loading curves will be used for the actual placement of the
fuel.

1.4 REGION 1 AND REGION 2 ANALYSIS RESULTS

Analyses demonstrate that the effective neutron multiplication factor (keff) of all permissible fuel storage
arrangements is less than 0.95 when the storage racks are assumed to be flooded with borated water.
Analyses also demonstrate that the keff is less than 0.95 under all postulated accident conditions. Finally,
the analyses demonstrate that the k1f of each fuel storage arrangement remains less than 1.0 when the
pool is assumed to be flooded with unborated water. The maximum calculated values of the neutron
multiplication factor include the appropriate bias, allowance for statistical uncertainty in the reactivity
calculations, allowance for the effect of manufacturing tolerances on reactivity, allowance for the effect of
eccentric positioning within the storage cell, allowance for uncertainty in the depletion calculations, and
allowance for uncertainty in the assigned burnup of each assembly. These allowances are calculated with
a 95% probability at a 95% confidence level (Reference 1). In all cases, the maximum keff calculated is
less than 0.995 for margin to the 1.0 limit. For the cases that include soluble boron, the maximum kef
calculated is less than 0.945 for margin to the 0.95 limit.

A minimum soluble boron concentration of 500 ppm must be maintained in the spent fuel pool to ensure
that klff is less than 0.945 under all normal conditions.

A minimum soluble boron concentration of 1600 ppm must be maintained in the spent fuel pool to ensure
that k,-f is less than 0.945 under all postulated accident conditions. The most limiting accident condition
involves placing a fresh fuel assembly, enriched to 5.0 wt% 235U, into an empty (water-filled) storage cell
in the Array 11-A storage arrangement (see Figure 1-2). A soluble boron concentration of 1600 ppm
ensures that keff is less than 0.945 under this condition. Turkey Point Unit 3 and Unit 4 current Technical
Specifications require that the fuel pool soluble boron concentration be maintained >1950 ppm at all
times (Reference 8). As part of the EPU, a soluble boron concentration of >2300 ppm has been proposed;
this will provide significant margin to the boron concentration needed to maintain keff less than 0.945 for
the worst accident.

Specifically, the results of the analysis of Region I demonstrate that:

* 5.0 wt% 235U fresh assemblies can be placed in Region 1 in a checkerboard pattern with
water-filled cells (Array I-A).

* Category 1-3 assemblies can be placed anywhere in Region 1 without restriction (Array I-B).

Category 1-2 assemblies (containing a full length RCCA) may be placed in any location instead of
a Category 1-3 assembly, without requiring a specific pattern (Array I-C).
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Each 2x2 array in the Region I area of the pool must match one of the Arrays I-A through I-C. In this
context, the term "match" means that the fuel assemblies forming the array have at least the required
burnup (Category 1-3) or an inserted full length RCCA (Category 1-2) or they are checker boarded with
empty (water-filled) cells (Category 1-1).

The results of the analysis of Region 2 confirm that:

* Arrays I-A through IL-F meet the criticality criteria.

The presence of a full length RCCA in an assembly produces a lower reactivity than the same
configuration where that assembly is stored in a cell containing a Metamic insert (without the
RCCA). For Arrays II-B I through I1-D, it is therefore acceptable to use a full length RCCA in
place of a Metamic insert.

* Fuel rod baskets may be placed in any spent fuel storage cell without restriction.

1.5 CASK AREA RACK

Analyses show that fresh fuel of up to 5.0 wt% 235U can be stored in the cask area rack under fully
flooded conditions and meet the acceptance criteria in Section 2.1.

1.6 NEW FUEL STORAGE RACK

Results confirm that Category 1-2 (fresh fuel assemblies up to 4.7 wt% 235U or up to 5.0 wt% with 16 or
more IFBA rods or an equivalent amount of other burnable absorber) may be placed anywhere in the new
fuel storage rack. The IFBA rods shall have a nominal boron content that is

]a,c
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Table 1-2 Blanketed Fuel - Coefficients to Calculate the Minimum Required Fuel Assembly
Burnup (Bu) as a Function of Enrichment (En) and Cooling Time (Ct)
(See Notes 1-5 for use of Table 1-2)

Fuel Category

Coefficients 1-3 11-1 11-2a I-2b II-2c 11-3

Al 3.94 -36.24 -25.34 -16.44 -4.202 21.29

A2 -6.213 33.85 24.57 16.93 6.41 -17.14

A3 2.867 -8.995 -6.372 -4.233 -1.332 5.681

A4 -0.2985 0.8217 0.5852 0.3995 0.1507 -0.511

A5 0.5688 0.6421 0.4329 0.4518 0.4025 -0.03822

A6 -0.2571 -0.4493 -0.2863 -0.3209 -0.2906 0.1354

A7 0.03994 0.1171 0.07647 0.08887 0.08382 -0.04176

A8 -0.001656 -0.009999 -0.006719 -0.007952 -0.007768 0.00387

A9 -31.8 2.918 -5.612 -9.132 -13.37 -34.54

A10 23.25 -2.415 6.56 11.58 16.96 38.72

All -3.643 3.949 1.51 -0.0305 -1.535 -7.927

A12 0.3011 -0.4073 -0.1932 -0.04359 0.08915 0.6882

Notes:
1. All relevant uncertainties are explicitly included in the criticality analysis. For instance, no additional allowance for

burnup uncertainty or enrichment uncertainty is required. For a fuel assembly to meet the requirements of a Fuel
Category, the assembly burnup must exceed the "minimum bumup" (GWD/MTU) given by the curve fit for the assembly
"cooling time" and "initial enrichment." The specific minimum burnup required for each fuel assembly is calculated
from the following equation:

Bu = (A, + A2*En + A 3*En2 + A4*En 3)* exp I - (As + A6 *En + A7*EnZ + A8*En 3)*Ct
+ A9 + Ai0*En + Ai*En

2 + Al 2*En 3

2. Initial enrichment, En, is the nominal central zone 23
5U enrichment. Axial blanket material is not considered when

determining enrichment. Any enrichment between 2.0 and 5.0 may be used.
3. Cooling time, Ct, is in years. Any cooling time between 72 hours and 25 years may be used. An assembly with a cooling

time greater than 25 years must use 25 years.
4. Category 1-1 is fresh unburned fuel up to 5.0 wt% 235U enrichment. No burnup is required.
5. Category 1-2 is fresh unburned fuel up to 4.7 wt% 235U enrichment, fresh unburned fuel up to 5.0 wt% 235U that contains

at least 16 IFBA rods (or an equivalent amount of other burnable absorber), or 5.0 wt% 23
5U with no burnable absorber

rods burned to at least 500 MWD/MTU. For fuel with 16 IFBA rods (or an equivalent amount of other burnable
absorber), no burnup is required but any amount of burnup is allowed.
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Table 1-2 Blanketed Fuel - Coefficients to Calculate the Minimum Required Fuel Assembly
(cont.) Burnup (Bu) as a Function of Enrichment (En) and Cooling Time (Ct)

(See Notes 1-3 for use of Table 1-2)

Fuel Category

Coefficients 11-4 11-5 11-6 11-7 11-8

Al 29.37 35.19 23.04 22.79 19.2

A2 -24.3 -29.28 -16.54 -15.59 -11.38

A3 7.817 9.348 5.604 5.376 4.194

A4 -0.7103 -0.8568 -0.512 -0.4954 -0.3908

A5 -0.07327 -0.1466 -0.02031 -0.04904 -0.1143

A6 0.1728 0.2426 0.1193 0.1427 0.1799

A7 -0.05314 -0.07373 -0.03703 -0.04334 -0.04983

A8 0.004935 0.00686 0.00344 0.004006 0.004345

A9 -34.59 -34.09 -14.9 -10.19 -4.624

A10 40.5 41.96 26.55 23.93 19.79

All -8.566 -9.168 -4.793 -4.151 -2.908

A12 0.7586 0.8309 0.4338 0.3871 0.2749

Notes:
1. All relevant uncertainties are explicitly included in the criticality analysis. For instance, no additional allowance for

bumup uncertainty or enrichment uncertainty is required. For a fuel assembly to meet the requirements of a Fuel
Category, the assembly burnup must exceed the "minimum bumup" (GWD/MTU) given by the curve fit for the assembly
",cooling time" and "initial enrichment". The specific minimum bumup required for each fuel assembly is calculated
from the following equation:

Bu = (A1 + A2*En + A3*En2 + A4*En3)* exp [ - (As + A6*En + A7*En 2 + A8*En 3)*Ct ]
+ A9 + A,0*En + Aii*En2 + A12*En 3

2. Initial enrichment, En, is the nominal central zone 235U enrichment. Axial blanket material is not considered when
determining enrichment. Any enrichment between 2.0 and 5.0 may be used.

3. Cooling time, Ct, is in years. Any cooling time between 72 hours and 25 years may be used. An assembly with a cooling
time greater than 25 years must use 25 years.
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Table 1-3 Non-Blanketed Fuel - Coefficients to Calculate the Minimum Required Fuel Assembly
Burnup (Bu) as a Function of Enrichment (En) and Cooling Time (Ct)
(See Notes 1-4 for use of Table 1-3)

Fuel Category

Coefficients 1-3 I-1 I1-2a ll-2b 1I-2c 11-3

Al -35.18 -10.95 -85.44 -41.76 -3.86 -30.33

A2 37.24 7.053 101.1 47.68 2.495 32.89

A3 -12.45 -0.5508 -34.92 -15.55 1.017 -9.444

A4 1.414 0 3.869 1.687 -0.2178 0.9173

A5 1.318 -0.5039 0.262 0.5439 1.056 0.5915

A6 -0.7817 0.3565 -0.2987 -0.6332 -1.204 -0.663

A7 0.13 -0.05129 0.107 0.2377 0.4525 0.2469

A8 -0.00307 0 -0.0111 -0.02719 -0.05352 -0.02849

A9 -21.4 -25.13 42.21 2.733 -7.353 14.57

A10 12.42 18.47 -62.25 -14.23 -1.402 -22.93

All -0.3007 -0.9294 27.68 11.17 7.4 14.27

A12 0.008347 0 -3.139 -1.364 -1.051 -1.723

Notes:
1. All relevant uncertainties are explicitly included in the criticality analysis. For instance, no additional allowance for

burnup uncertainty or enrichment uncertainty is required. For a fuel assembly to meet the requirements of a Fuel
Category, the assembly burnup must exceed the "minimum bumup" (GWD/MTU) given by the curve fit for the assembly
"cooling time" and "initial enrichment." The specific minimum burnup required for each fuel assembly is calculated
from the following equation:

Bu = (A1 + Az*En + A 3*En2 + A4*En 3)* exp [ - (A5 + A6*En + A7*EnZ + As*En 3 )*Ct]
+ A9 + A,0*En + Aui*En 2 + A12*En3

2, Initial enrichment, En, is the nominal 235U enrichment. Any enrichment between 1.8 and 4.0 may be used.
3, Cooling time, Ct, is in years. Any cooling time between 10 years and 25 years may be used. An assembly with a cooling

time greater than 25 years must use 25 years.

4, This Table applies only for pre-EPU fuel assemblies without axial blankets. If an unblanketed assembly is depleted at
EPU conditions none of the bumup accrued at EPU conditions can be credited (i.e., only bumup accrued at pre-EPU
conditions may be used as burnup credit).

WCAP- 17094-NP July 2010
Revision 2



1-10

Table 1-3 Non-Blanketed Fuel - Coefficients to Calculate the Minimum Required Fuel Assembly
(cont.) Burnup (Bu) as a Function of Enrichment (En) and Cooling Time (Ct)

(See Notes 1-4 for use of Table 1-3)

Fuel Category

Coefficients 11-4 !I-5 11-6 11-7 11-8

Al -35.55 -22.12 -20.42 -15.32 -82.47

A2 39.21 24.48 21.91 16.33 97.23

A3 -11.72 -6.23 -4.78 -2.554 -33.42

A4 1.18 0.5118 0.2802 -0.00474 3.782

A5 0.7689 0.7824 -0.6527 0.7264 0.4198

A6 -0.8497 -0.8901 0.8281 -0.7902 -0.3959

A7 0.3126 0.3369 -0.2977 0.2894 0.1245

A8 -0.03608 -0.04 0.03405 -0.03319 -0.01113

A9 21.35 18.32 -50.43 22.01 40.38

A10 -29.32 -26.14 56.6 -25.98 -44.56

All 16.73 16.25 -13.93 15.89 21.97

A12 -2.024 -2.038 1.453 -1.955 -2.568

Notes:
1. All relevant uncertainties are explicitly included in the criticality analysis. For instance, no additional allowance for

bumup uncertainty or enrichment uncertainty is required. For a fuel assembly to meet the requirements of a Fuel
Category, the assembly burnup must exceed the "minimum bumup" (GWD/MTU) given by the curve fit for the assembly
"cooling time" and "initial enrichment". The specific minimum bumup required for each fuel assembly is calculated
from the following equation:

Bu = (A, + Az*En + A3*En2 + A4*En')* exp - (A. + A6*En + A7*EnZ + A8*En 3)*Ct]
+ A9 + A]o*En + Aii*En 2 + A12*En3

2. Initial enrichment, En, is the nominal 235U enrichment. Any enrichment between 1.8 and 4.0 may be used.
3. Cooling time, Ct, is in years. Any cooling time between 10 years and 25 years may be used. An assembly with a cooling

time greater than 25 years must use 25 years.

4. This Table applies only for pre-EPU fuel assemblies without axial blankets. If an unblanketed assembly is depleted at
EPU conditions none of the burnup accrued at EPU conditions can be credited (i.e., only buuup accrued at pre-EPU
conditions may be used as burnup credit).
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DEFINITION

Array I-A

Checkerboard pattern of Category I-1 assemblies and empty (water-filled) cells.

Array I-B

Category 1-3 assembly in every cell.

ILLUSTRATION

1- X

X I-1

1-3 1-3

1-3 1-3

Array I-C

Category 1-2 and 1-3 assemblies. Each Category 1-2 shall have a
full length RCCA in the assembly. 1-3 1-3

Notes:

1. Category 1-1 is fresh fuel enriched to 5.0 wt% 235U. 1-2 is fresh fuel enriched to 4.7 wt%, fresh fuel
enriched to 5.0 wt% with at least 16 IFBA rods (or an equivalent amount of other burnable absorber),
or fuel enriched to 5.0 wt% with no burnable absorber rods burned to at least 500 MWD/MTU.
Category 1-3 is determined from Tables 1-2 and 1-3. In all arrays, an assembly of lower reactivity can
replace an assembly of higher reactivity.

2. Shaded cells indicate that the fuel assembly contains a full length RCCA.

3. X indicates an empty (water-filled) cell.

4. Attributes for each 2x2 array are as stated in the definition. Diagram is for illustrative purposes only.

Figure 1-1. Allowable Region 1 Storage Arrays
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DEFINITION

Array 11-A

ILLUSTRATION

X 11-1

1II- 1 1l-1Category 11-1 assemblies in three of every four cells;
One of every four cells is empty (water-filled).

Array 11-B1

Checkerboard pattern of Category 11-1 and 11-3 assemblies with two of
every four cells containing a Metamic insert or full length RCCA.

11-3

11-1

Array 1I-B2

Category ll-2b assembly in every cell with two of every four cells
containing a Metamic insert or full length RCCA.

Array II-B3

Checkerboard pattern of Category 1I-2a and II-2c assemblies with two of
every four cells containing a Metamic insert or full length RCCA.

112h 112b j-21 11-2b-

11-2 11-1) I1-2b 11-2b

11-2a 1-2c 11-2a 11-2c

1-2c 11-2a 11-2c 1k-Ia

Notes:

1. Fuel categories are determined from Tables 1-2 and 1-3. In all arrays, an assembly of lower reactivity
can replace an assembly of higher reactivity.

2. Shaded cells indicate that the cell contains a Metamic insert or the fuel assembly contains a full length
RCCA.

3. X indicates an empty (water-filled) cell.

4. Attributes for each 2x2 array are as stated in the definition. Diagram is for illustrative purposes only.

Figure 1-2. Allowable Region 2 Storage Arrays
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DEFINITION ILLUSTRATION

Array II-C 11-3 11-5

Checkerboard pattern of Category 11-3 and 11-5 assemblies with one of
every four cells containing a Metamic insert or full length RCCA.

Array 1I-D

Category 11-4 assembly in every cell with one out of every four cells containing a Metamic
insert or full length RCCA.

Array II-E

Checkerboard pattern of Category 11-6 and 11-8 assemblies.

11-6 11-8

11-8 11-6

11-7 11-7

11-7 11-7

Array 11-F

Category 11-7 assembly in every cell.

Notes:

1. Fuel categories are determined from Tables 1-2 and 1-3. In all arrays, an assembly of lower reactivity
can replace an assembly of higher reactivity.

2. Shaded cells indicate that the cell contains a Metamic insert or the fuel assembly contains a full length
RCCA.

3. X indicates an empty (water-filled) cell.

4. Attributes for each 2x2 array are as stated in the definition. Diagram is for illustrative purposes only.

Figure 1-2. Allowable Region 2 Storage Arrays (cont.)
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DEFINITION

For Array II-A, the
empty cell shall be in
the row adjacent to the
Region 1 rack.

ILLUSTRATION

Region I Rack

1-3 1-3 1-3 1-3

1-3 1-3. 1-3 1 1-3

11-I X 11-1 jX

11-1 11-1 i 1i1 Ii-i

Array I1-A

Region I Rack

1-3 1-3 1-3 1-3

1-3 1-3 1-3 1-3
For Arrays requiring two
inserts, there shall be an
insert in at least every

other cell in the row
facing the Region 1 rack.

1I-2c 11-2a 11-2c 11-2a

Array I1-B3

For Arrays requiring one
insert, the insert
shall be placed in the
row facing the Region 1
rack.

Region I Rack

1-3 1-3 1-3 1-3

1-3 1-3 1-3 1-3

11-3 1 uI-ý 11-3 1-

11-5 11-3 11-5 11-3

Array 11-C

1-3

1-3

11-4

11-4

Region I Rack

1-3 1-3 1-3

1-3 1-3 1-3

i4 11-4 11-4

11-4 11-4 11-4

Array I1-DArray 11-C

Notes:

1. Fuel categories are determined from Tables 1-2 and, 1-3. In all arrays, an assembly of lower reactivity can
replace an assembly of higher reactivity.

2. Shaded cells indicate that the cell contains a Metamic insert or the fuel assembly contains a full length RCCA.

3. X indicates an empty (water-filled) cell.

4. Attributes for each 2x2 array are as stated in the definition. Diagram is for illustrative purposes only. Region 1
Array 1-3 is depicted as the example; however, any Region 1 array is allowed.

5. Figure 1-3 is not applicable to the Region 1I - cask area rack interface

Figure 1-3. Interface Restrictions between Region 2 and Region 1 Arrays
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DEFINITION ILLUSTRATION

L_

For Arrays requiring two
inserts, there shall be an
insert in at least every
other cell adjacent to the
peripheral row containing
the 1I-2c assemblies.

11-2c

11-3

Ar-2c I-2c I1-2c

1I-3 11- 1I-3

Array II-B1

11-2c II-2c[II-2c 11-2c

11-21b 1-2 i,1-2b 1-

1I-21b [ 11-2b 1i1-2

Array 11-B2

1-15

11-2c II1-2c 11-2c II1-2c

II-2a I1-2c I1-2a 11-2c

Array II-B3

For Arrays requiring one
insert, the insert shall be
adjacent to the peripheral
row containing the 11-2b
assemblies.

•:!: ::7Spent Fuel Pit Wall I

lI-2b lI-2b l1-2b II-2b 1I-2b 11-2b II-2b 11-2b

11-5 -3 11-5 -3 1 11-3 11-5. 11-3

11-3 11-5 11-3 11-5 11-3 11-5 11-3 11-5

Array II-C Array II-C

11-2b

11-4

11-4

11-2bb 11-2b1l-2b ll-2b

1 -4 11-4

11-4 11-4

Array 11-D

11-2b

11-4

Notes:

1. Fuel categories are determined from Tables 1-2 and 1-3. Fuel category of rank 11-2b or lower reactivity can be
placed in the peripheral row next to the spent fuel pit wall without inserts, subject to the constraints listed here.
For arrays requiring 2 inserts, the peripheral row must contain Category ll-2c or lower reactivity. Alternatively,
the peripheral row may contain inserts as required for any 2x2 array.

2. Shaded cells indicate either a Metamic insert in the cell or the fuel assembly contains a full length RCCA.

3. X indicates an empty (water-filled) cell.

4. Attributes for each 2x2 array are as stated in the definition. Diagram is for illustrative purposes only.

5. There are no restrictions for placement of Arrays lI-E and lI-F.

6. Any defined Region 2 array may be placed against the spent fuel pit wall or one of the additional configurations
shown above may be used.

Figure 1-4. Allowable Exceptions to Region 2 Storage Arrays When Adjacent to Spent Fuel Pit
Walls
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Table 1-4 Burnup Requirements for Pre-EPU Non-Blanketed Fuel

Fuel Category 1-3
Initial Enrichment (wt% 1

35U)

1.8 2.5 3.0 3.5 4.0Cooling

Time GWD/MTU

10y 0.02 8.51 14.84 20.87 26.41

15 y 0.03 8.22 14.46 20.46 25.66

20y 0.03 8.07 14.18 20.13 25.14

25 y 0.03 7.99 13.97 19.86 24.79

Table 1-4 Burnup Requirements for Pre-EPU Non-Blanketed Fuel
(cont.)

Fuel Category 11-1
Initial Enrichment (wt% 231U)

1.8 2.5 3.0 3.5 4.0Cooling

Time GWD/MTU

1Oy 5.05 16.90 23.77 30.33 36.94

15 y 5.04 16.43 23.02 29.36 35.72

20 y 5.04 16.09 22.57 28.82 34.99

25 y 5.03 15.85 22.31 28.52 34.55

Table 1-4 Burnup Requirements for Pre-EPU Non-Blanketed Fuel
(cont.)

Fuel Category lI-2a
Initial Enrichment (wt% 235U)

1.8 2.5 3.0 3.5 4.0Cooling

Time GWD/MTU

lOy 7.14 19.10 25.83 32.73 39.14

15 y 6.96 18.66 25.02 31.85 37.99

20 y 6.80 18.24 24.31 31.16 37.18

25 y 6.63 17.84 23.70 30.64 36.60

WCAP- 17094-NP 
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Table 1-4 Burnup Requirements for Pre-EPU Non-Blanketed Fuel
(cont.)

Fuel Category 11-2b
Initial Enrichment (wt% 235U)

1.8 2.5 3.0 3.5 4.0Cooling

Time GWD/MTU

l0y 8.36 20.98 27.94 34.61 41.11

15 y 8.14 20.43 27.02 33.58 39.91

20 y 7.93 19.94 26.30 32.87 39.08

25 y 7.73 19.50 25.74 32.38 38.51

Table 1-4 Burnup Requirements for Pre-EPU Non-Blanketed Fuel
(cont.)

Fuel Category I1-2c
Initial Enrichment (wt% 1

35U)

1.8 2.5 3.0 3.5 4.0Cooling

Time GWD/MTU

10y 9.70 22.62 30.04 36.56 43.07

15 y 9.37 21.99 29.03 35.39 41.89

20 y 9.10 21.47 28.32 34.64 41.00

25 y 8.88 21.04 27.82 34.16 40.33

Table 1-4 Burnup Requirements for Pre-EPU Non-Blanketed Fuel
(cont.)

Fuel Category 11-3
Initial Enrichment (wt% 23SU)

1.8 2.5 3.0 3.5 4.0Cooling

Time GWD/MTU

10y 12.12 24.74 32.35 39.27 45.44

15 y 11.73 23.97 31.22 38.02 44.15

20y 11.40 23.31 30.37 37.17 43.23

25 y 11.11 22.75 29.72 36.57 42.57
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Table 1-4 Burnup Requirements for Pre-EPU Non-Blanketed Fuel
(cont.)

Fuel Category 11-4
Initial Enrichment (wt% 23.. U)

1.8 2.5 3.0 3.5 4.0Cooling

Time GWD/MTU

lOy 13.57 26.41 34.00 40.91 47.18

15 y 13.08 25.54 32.80 39.62 45.85

20 y 12.68 24.82 31.91 38.75 44.87

2 5 y 12.36 24.21 31.25 38.15 44.16

Table 1-4 Burnup Requirements for Pre-EPU Non-Blanketed Fuel
(cont.)

Fuel Category 11-5
Initial Enrichment (wt% 235U)

1.8 2.5 3.0 3.5 4.0Cooling

Time GWD/MTU

10 y 15.26 28.27 35.90 42.68 48.58

15 y 14.70 27.31 34.59 41.32 47.37

2 0 y 14.23 26.51 33.64 40.40 46.44

25 y 13.84 25.85 32.95 39.79 45.72

Table 1-4 Burnup Requirements for Pre-EPU Non-Blanketed Fuel
(cont.)

Fuel Category 11-6
Initial Enrichment (wt% 23SU)

1.8 2.5 3.0 3.5 4.0Cooling

Time GWD/MTU

10 y 17.31 30.35 38.04 44.73 50.15

15 y 16.55 29.04 36.60 43.35 48.87

20 y 16.02 28.21 35.58 42.33 47.99

2 5 y 15.65 27.67 34.87 41.57 47.39
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Table 1-4 Burnup Requirements for Pre-EPU Non-Blanketed Fuel
(cont.)

Fuel Category 11-7
Initial Enrichment (wt% 235u)

1.8 2.5 3.0 3.5 4.0Cooling

Time GWD/MTU

10y 18.89 32.11 39.85 46.43 51.52

15 y 18.13 30.94 38.32 44.90 50.22

20 y 17.53 29.99 37.21 43.89 49.31

25 y 17.06 29.22 36.41 43.22 48.68

Table 1-4 Burnup Requirements for Pre-EPU Non-Blanketed Fuel
(cont.)

Fuel Category 11-8
Initial Enrichment (wt% 235 U)

1.8 2.5 3.0 3.5 4.0Cooling

Time GWD/MTU

lOy 20.38 33.85 41.36 48.11 53.63

15 y 19.56 32.64 39.93 46.54 51.73

20y 18.91 31.62 38.82 45.50 50.67

25 y 18.40 30.76 37.96 44.81 50.07
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Table 1-5 Burnup Requirements for EPU and Pre-EPU Axial Blanket Fuel

Fuel Category 1-3
Initial Enrichment (wt% 1

35U)

2.0 3.4 4.0 4.5 5.0Cooling

Time GWD/MTU

72 h 3.13 21.19 28.03 33.33 38.25

2.5 y 2.90 20.34 27.06 32.24 37.02

5 y 2.75 19.65 26.24 31.32 35.99

lOy 2.62 18.67 24.99 29.90 34.44

15 y 2.57 18.05 24.13 28.89 33.37

20 y 2.55 17.65 23.53 28.19 32.63

25 y 2.54 17.40 23.12 27.69 32.13

Table 1-5 Burnup Requirements for EPU and Pre-EPU Axial Blanket Fuel
(cont.)

Fuel Category 11-1
Initial Enrichment (wt% 235U)

2.0 3.4 4.0 4.5 5.0Cooling

Time GWD/MTU

72 h 12.68 31.51 38.20 43.71 49.50

2.5 y 12.10 30.29 36.81 42.11 47.69

5 y 11.69 29.27 35.66 40.80 46.18

10y 11.17 27.73 33.94 38.85 43.87

15 y 10.91 26.67 32.78 37.54 42.27

20y 10.77 25.94 32.00 36.67 41.16

25 y 10.70 25.44 31.47 36.08 40.39
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Table 1-5 Burnup Requirements for EPU and Pre-EPU Axial Blanket Fuel
(cont.)

Fuel Category I1-2a
Initial Enrichment (wt% 235U)

2.0 3.4 4.0 4.5 5.0Cooling

Time GWD/MTU

72 h 14.99 34.09 40.86 46.39 52.14

2.5 y 14.26 32.74 39.31 44.66 50.25

5 y 13.71 31.62 38.05 43.24 48.66

lOy 12.97 29.96 36.17 41.12 46.25

15 y 12.56 28.85 34.92 39.71 44.57

20y 12.32 28.09 34.09 38.77 43.41

25 y 12.18 27.59 33.53 38.14 42.61

Table 1-5 Burnup Requirements for EPU and Pre-EPU Axial Blanket Fuel
(cont.)

Fuel Category 11-2b
Initial Enrichment (wt% 235U)

2.0 3.4 4.0 4.5 5.0Cooling

Time GWD/MTU

72 h 17.24 36.06 43.02 48.81 54.87

2.5 y 16.41 34.71 41.35 46.87 52.77

5 y 15.77 33.58 39.99 45.29 51.02

lOy 14.89 31.88 37.96 42.95 48.37

15 y 14.36 30.72 36.61 41.40 46.55

20 y 14.04 29.92 35.71 40.38 45.30

25 y 13.85 29.37 35.11 39.71 44.44
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Table 1-5 Burnup Requirements for EPU and Pre-EPU Axial Blanket Fuel
(cont.)

Fuel Category II-2c
Initial Enrichment (wt% 2"SU)

Coig2.0 3.4 4.0 4.5 5.0
Cooling

Time GWD/MTU

72 h 19.62 38.17 45.38 51.38 57.58

2.5 y 18.67 36.73 43.53 49.23 55.32

5 y 17.93 35.55 42.03 47.47 53.44

10 y 16.87 33.77 39.83 44.90 50.59

15 y 16.21 32.57 38.38 43.21 48.61

20y 15.80 31.76 37.43 42.10 47.25

25 y 15.55 31.21 36.81 41.38 46.30

Table 1-5 Burnup Requirements for EPU and Pre-EPU Axial Blanket Fuel
(cont.)

Fuel Category 11-3
Initial Enrichment (wt% 235 U)

2.0 3.4 4.0 4.5 5.0Cooling

Time GWD/MTU

72 h 22.34 41.12 48.47 54.52 60.64

2.5 y 21.13 39.36 46.43 52.28 58.20

5 y 20.18 37.96 44.77 50.44 56.19

10y 18.85 35.97 42.32 47.68 53.18

15 y 18.03 34.70 40.70 45.81 51.14

20y 17.52 33.90 39.63 44.54 49.77

25 y 17.20 33.39 38.93 43.68 48.84
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Table 1-5 Burnup Requirements for EPU and Pre-EPU Axial Blanket Fuel
(cont.)

Fuel Category 11-4
Initial Enrichment (wt% .35 U)

2.0 3.4 4.0 4.5 5.0Cooling

Time GWD/MTU

72 h 24.57 43.09 50.68 56.91 63.08")

2.5 y 23.17 41.18 48.47 54.51 60.49

5 y 22.08 39.65 46.66 52.53 58.35

lOy 20.57 37.50 44.02 49.56 55.16

15 y 19.65 36.15 42.27 47.55 53.01

20y 19.09 35.31 41.12 46.18 51.57

25 y 18.75 34.78 40.36 45.26 50.59

Table 1-5 Burnup Requirements for EPU and Pre-EPU Axial Blanket Fuel
(cont.)

Fuel Category 11-5
Initial Enrichment (wt% 211U)

2.0 3.4 4.0 4.5 5.0Cooling

Time GWD/MTU

72 h 26.97 45.27 53.03 59.44 65.75"1)

2.5 y 25.41 43.14 50.64 56.87 62.95(1)

5 y 24.18 41.47 48.69 54.75 60.66

lOy 22.48 39.11 45.81 51.56 57.24

15 y 21.44 37.64 43.92 49.40 54.96

20 y 20.80 36.73 42.67 47.92 53.44

25 y 20.42 36.17 41.84 46.92 52.42

1. Although this value is above the currently allowable burnup limit, it is provided for information only.
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Table 1-5 Burnup Requirements for EPU and Pre-EPU Axial Blanket Fuel
(cont.)

Fuel Category 11-6
Initial Enrichment (wt% "'SU)

Coig2.0 3.4 4.0 4.5 5.0

Time GWD/MTU

72 h 30.77 48.47 56.14 62.47"l1 68.68(1)

2.5 y 28.98 46.11 53.53 59.68 65.70"')

5 y 27.58 44.23 51.40 57.39 63.25()

10y 25.62 41.56 48.29 53.97 59.60

15 y 24.41 39.88 46.25 51.69 57.17

20 y 23.67 38.82 44.91 50.15 55.54

25 y 23.22 38.15 44.04 49.13 54.45

Table 1-5 Burnup Requirements for EPU and Pre-EPU Axial Blanket Fuel
(cont.)

Fuel Category 11-7
Initial Enrichment (wt% 2..U)

2.0 3.4 4.0 4.5 5.0
Cooling

Time GWD/MTU

72 h 33.31 50.85 58.62 65.06"') 71.38(')

2.5 y 31.38 48.29 55.82 62.09(1) 68.19))

5 y 29.85 46.24 53.54 59.65 65.58("

lOy 27.70 43.34 50.21 56.02 61.72

15 y 26.36 41.51 48.03 53.60 59.16

20 y 25.53 40.36 46.60 51.98 57.45

25 y 25.01 39.63 45.66 50.90 56.32

1. Although this value is above the currently allowable burnup limit, it is provided for information only.

WCAP-17094-NP July 2010
Revision 2



1-25

Table 1-5 Burnup Requirements for EPU and Pre-EPU Axial Blanket Fuel
(cont.)

Fuel Category 11-8
Initial Enrichment (wt% "3SJ)

2.0 3.4 4.0 4.5 5.0Cooling

Time GWD/MTU

72 h 35.61 53.47 61.36 67.89(') 74.28(')

2.5 y 33.76 50.68 58.32 64.69"' 70.88"1)

5 y 32.25 48.45 55.86 62.07(') 68.10(')

loy 30.01 45.28 52.27 58.21 64.00('"

15 y 28.52 43.27 49.94 55.64 61.29

20 y 27.52 42.01 48.42 53.94 59.50

25 y 26.86 41.21 47.43 52.81 58.31

1. Although this value is above the currently allowable burnup limit, it is provided for information only.
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2 ACCEPTANCE CRITERIA

2.1 SPENT FUEL POOL CRITERIA

The objective of this analysis is to ensure that all calculations of the effective neutron multiplication
factor (ke•-) performed for each permissible storage arrangement, yield results less than 0.95 when the
storage racks are fully loaded with fuel of the highest permissible reactivity, and assuming the pool is
flooded with borated water at a temperature corresponding to the highest reactivity. Also, the analysis
must demonstrate that k.ff is less than 0.95 under all postulated accident conditions. Finally, the analysis
must demonstrate that klff is less than 1.0 with unborated water in the spent fuel pool. The maximum
calculated values of neutron multiplication must include a margin for statistical uncertainty in the
reactivity calculations, include the effect of manufacturing tolerances and eccentric positioning, include

an allowance for uncertainty in the depletion calculations and the assigned burnup, and be calculated with
a 95% probability at a 95% confidence level (Reference 1).

2.2 NEW FUEL STORAGE RACK CRITERIA

For the new fuel storage rack, analyses must demonstrate:

1. The estimated ratio of neutron production to neutron absorption and leakage (klff) of the fresh fuel
in the fresh fuel storage racks shall be calculated assuming the racks are loaded with fuel of the
maximum fuel assembly reactivity and flooded with unborated water and must not exceed 0.95, at
a 95 percent probability, 95 percent confidence level.

2. If optimum moderation in the fresh fuel storage racks occurs when the racks are assumed to be

loaded with fuel of the maximum fuel assembly reactivity and filled with low-density
hydrogenous fluid, the k-effective corresponding to this optimum moderation must not exceed
0.98, at a 95 percent probability, 95 percent confidence level.

The maximum ker must account for all biases and uncertainties.
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3 ASSUMPTIONS

The major assumptions are listed below:

1. The only fuel types considered are the Westinghouse 15x15 STD and the Westinghouse 15x15

OFA (which includes Upgrade fuel) fuel assembly designs. These are the only fuel types used at
Turkey Point. The Westinghouse 15x15 STD and OFA designs are similar in all dimensions that

are important to reactivity with the exception of the guide and instrumentation tubes and minor
changes to the clad material. These small differences are not significant to criticality (see Section

6.3.1). Upgrade fuel is the same as OFA fuel for all the key dimensions listed on Table 4.1.

2. The pellet smear density is assumed to be 97.5% of theoretical density with no credit for dishing
or chamfering. This is the highest density that is being manufactured including tolerances. The
higher the fuel density, the more reactive the fuel will be.

3. For criticality analyses that take credit for IFBA rods in fresh fuel, the nominal l°B loading is
assumed to be

apC

4. All EPU fuel is assumed to contain 8 inch axial blankets with the blanket material enriched to
2.6 wt% 235U and the blanket pellets are annular. This assumption is conservative for blankets

enriched to less than 2.6 wt% or blankets that are longer than 8 inches. This assumption does not
cover shorter blankets or solid pellets. However, in the special case of 6 inch natural uranium

blankets, it is shown that the 8 inch enriched blanket depleted under EPU conditions is
conservative (see subsection 6.3.2).

5. All non-blanketed fuel (i.e., full length) is assumed to be characterized by the non-blanketed fuel

currently in the Turkey Point spent fuel pools and exposed to pre-EPU conditions. The analysis
does not cover non-blanketed fuel that might be used in the future. If an existing non-blanketed

assembly is re-inserted into the core, the extra burnup received cannot be credited. Only the
burnup received under pre-EPU conditions can be credited for non-blanketed fuel.

6. Depletion conditions for both pre-EPU and EPU fuel are chosen to conservatively maximize the
reactivity at a given burnup (hardened spectrum, higher plutonium production, etc.). See
Section 4.4.

7. The fuel pool temperature that results in the highest reactivity for each fuel category is used in the

calculations.

8. The uncertainty in the depletion calculations is 5% of the difference between the reactivity of
fresh fuel and the reactivity at the burnup of interest. This is consistent with the Kopp memo
(Reference 4). The uncertainty in the bumup reactor records is assumed to be 5% of the burnup.

Both are included in the analysis with and without soluble boron credit.
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9. The effective multiplication factor of an infinite radial array of fuel assemblies or assembly
patterns is used in the analyses, except for the assessment of peripheral and interface effects and
to analyze the worst case accident condition. Specifically, all gaps between adjacent
Region 2 rack modules are conservatively ignored, i.e., cells in neighboring Region 2 rack
modules are assumed to be separated by a single cell wall only. The actual configuration in the
Turkey Point spent fuel pool has a cell wall on each side of the Region 2 rack-to-rack gap.

Additionally, the following modeling assumptions are used.

I. Neutron absorption in minor structural members is neglected, i.e., spacer grids are replaced by

water. [

a,c

2. For freshly unloaded fuel, a cooling time of 72 hours is used in the analysis. This value is a
technical specification at Turkey Point (Reference 7). Also, the Xe-135 concentration in the fuel
is conservatively set to zero at all cooling times.

3. In the KENO models, 60 cm of unborated water is used above and below the active region of the

fuel, even when soluble boron is credited in the active fuel region. This is conservative because
the end fittings absorb neutrons and if they were to be modeled explicitly, the reactivity would
decrease.
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4 DESIGN AND INPUT DATA

4.1 FUEL ASSEMBLY AND RCCA SPECIFICATIONS

The design specifications of fuel assemblies, which are used for this analysis, are given in Table 4-1.
Table 4-2 shows specifications for the full length RCCA used in the analysis. Please note that RCCA
always refers to full length RCCAs. Part length control elements are not included as RCCAs in this
report.

Table 4-1 Fuel Assembly Specifications

Parameter Value

Assembly Type W 15x15 STD or OFA

Rod Array Size 15x15

Rod Pitch, inch 0.563 ± [ ]ac

Active Fuel Length, inches 144

Stack density, % TD 97.5

Maximum enrichment, wt% 2 3 5
U 5.0

Enrichment tolerance (for enrichments less than 5.0 wt%), wt% ± .05

Total number of Fuel Rods 204

Fuel cladding outer diameter, inch 0.4220 ± [ ]ax

Fuel cladding inner diameter, inch 0.3734 ± [ ],,c

Fuel cladding thickness, inch 0.0243 ± [ ]a.•

Pellet diameter, inch 0.3659(")+ [ ]aPc

IFBA '0B loading, mg/inch [

Number of Guide/Instrument tubes 20/1

STD OFA Toter.

Guide/Instrument tube OD, inch 0.546 0.533 a [ ],.c

Guide/Instrument tube ID, inch 0.512 0.499 [ ],C

Guide/Instrument tube thickness, inch 0.017 0.017 + [I

I The nominal pellet diameter is 0.3659 inches. However there have been some fuel rods with pellet diameters outside of the
manufacturing tolerances shown. Smaller than nominal diameter pellets are conservatively bounded by this analysis since the
smaller pellet diameter results in less fuel thus less reactivity. The effect of the rods with the large pellet diameter is negligible
since there are only 4 rods of this diameter.
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Table 4-2 RCCA Specifications

Parameter Value

Material Silver-Indium-Cadnmum

Silver content, wt% 80 ± [ ]pc

Indium content, wt% 15 ± [ ]a,c

Cadmium content, wt% 5 ± [ ]a.c

Poison OD, inch 0.3900 ± [ P

Clad inner diameter, inch 0.4005 + [ ]a.C

Clad outer diameter, inch 0.4390 ± [ ]

Clad material SS

Poison density, g/cc 10.17

Table 4-3 Pyrex and WABA Specifications

Parameter Pyrex WABA

Burnable Absorber Material Borosilicate Glass B4C

BA Inner Diameter 0.2440 0.2780

BA Outer Diameter 0.3890 0.3180

BA Clad Material SS Zr

BA Inner Clad Thickness 0.0065 0.0210

BA Inner Clad OD 0.2360 0.2670

BA Outer Clad Thickness 0.0188 0.0260

BA Outer Clad OD 0.4310 0.3810

Tables 4-1 and 4-2 above list tolerances for the fuel and the full length RCCA control insert.

]a~c

For the burnable absorbers during depletion (Pyrex, WABA, and IFBA), nominal values are used because

nominal values are used in fuel management. [
a,c

The stack density is set to the highest possible density without credit for dishing and chamfering.

Experience shows that the higher the stack density, the more reactive the assembly is (there is more fuel

present). Except for stack density, the criticality amalysis is performed at the nominal fuel dimensions
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using STD fuel.
]a,c If the true tolerance were greater, there would have been a

history of fuel assemblies getting stuck during refueling which has not been the case. Uncertainties in the
keff calculations due to tolerances are then calculated separately. An additional analysis shows that the
guide tube differences between Optimized Fuel Assembly (OFA) and Standard (STD) fuel is insignificant
(see subsection 6.3.1).

Fuel rod baskets can be stored in any fuel storage cell in the pool without restriction; this includes fuel
storage cells in Region 1, Region 2, and the cask area rack. These baskets consist of regular arrays of
stainless steel tubes. Individual fuel rods are placed in these tubes. The specifications of these fuel rod
baskets are given in Table 4-4.

Table 4-4 Fuel Rod Basket Specification

Parameter Value

Tube Array 8x8 - 4x3 (see Section 6.9)

Number of Tubes 52

Tube OD, inch 0,625

Tube thickness, inch 0.035

Tube pitch, inch 0,937

Tube material SS

4.2 STORAGE RACK SPECIFICATIONS

The storage cell characteristics that are used in the criticality analysis are summarized in Table 4-5 for the
Region 1, Region 2, cask area, and new fuel racks, and in Table 4-6 for the Metamic neutron absorber
inserts. Note that the poison areal density listed for Regions I and 2 is not used in the analysis since it is
assumed that the Boraflex has completely degraded. The Boraflex material is replaced with water. There
is no credible mechanism that would allow the '0B to escape without the whole material dissolving so
replacing the Boraflex with water is appropriate (i.e., if there is any Boraflex material remaining, it would
also contain the neutron absorbing '0B). For the Metamic inserts, maximum reactivity is obtained by
using the maximum value for the thickness and minimum values for the width and length. The water near
the Metamic is important to slow down neutrons that can then be absorbed by the Metamic. Therefore,
less water (because the Metamic thickness is larger) will be less effective for Metamic absorption and
result in higher reactivity. Also, note that the insert length used in the analysis is shorter than the active
fuel length, i.e., it is assumed that the lower 6 inches of the active length are not covered by the insert.
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Table 4-6 Metamic Insert Specification

Parameter Value

Material AI-B 4C

10B loading, g/cm 2  0.016 [ ],C

Thickness, inch [ ]a,c

Width, inches 8.35 [ ]x

Length, inches [ ]ac

4.3 SPENT FUEL POOL SPECIFICATION

Figure 4-1 shows the rack layout in the pools. The "1 lxl 2 NEW REGION I" rack is called the cask area

rack in this report. The minimum separation between rack modules and the pool wall is 2 inches.

Pool water temperature effects on reactivity can be modeled directly in the SCALE 5 code system. The
water temperature is analyzed at the minimum temperature of 39 deg-F (maximum water density) and the
maximum temperature of 150 deg-F (maximum bulk pool water temperature) for each fuel category. The
temperature that resulted in the highest reactivity is used in the final calculations. For Region 1 with
no water cells, the most reactive condition is hot because reactivity is being held down by the excess
water between the fuel assemblies. For the Region 1 checkerboard and for the cask area rack, the most

reactive condition is cold because the reactivity is being driven by a single assembly so the water between
fuel pins is more important that the water between fuel assemblies. For Region 2 with no inserts, both hot

WCAP- 17094-NP July 2010
Revision 2



4-5

and cold give very similar results but hot is slightly more reactive. For Region 2 with one or two inserts,
the cold condition is most reactive because the water between fuel pins is more important than the water
between fuel assemblies. Temperatures beyond this nominal range are covered in Section 6.12 as
accident conditions. The examples discussed above are for unborated cases; however the same approach
was used when determining the boron needed to offset the most limiting accident. The borated cases
tended to be more restrictive at the hotter temperature.

For this analysis, the pool is modeled as a 2x2 array of four assemblies using a periodic boundary
condition, thereby creating an infinite array of 2x2 storage cells. No credit is taken for the Boraflex. All
the analysis is performed with the Boraflex material replaced with water. Table 4-7 describes the material
composition of all structural and absorber materials used in the KENO model.

Table 4-7 Material Compositions

Component Density (g/cc) Material wt%

Rack 7.94 SS304 100.0

Sheathing 7.94 SS304 100.0

Metarnic 2.65 B4C 20.595

Al 79.405

Boral 2.65 B4C 28.009
(in cask area) Al 71.991
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Figure 4-1. Turkey Point Spent Fuel Layout (Unit 4 is the same except a mirror image)

4.4 DEPLETION ASSUMPTIONS

For the axially blanketed fuel, EPU conditions are assumed for the moderator temperature (corresponding
to the core outlet temperature at the higher power level), the specific power, and the average boron
concentration during depletion. The guidance in NUREG/CR-6665 indicates that the most conservative
nuclide composition is developed assuming the maximum core outlet temperature. The value used in this
analysis represents a bounding core exit temperature developed for the licensing basis accident analysis
using the most conservative set of thermal performance parameters of maximum thermal power,
minimum Reactor Coolant System flow allowed by Technical Specifications (thermal design flow),
maximum feedwater temperature, maximum bypass flow, and a maximum steam generator tube plugging
level. [

]a'c Table 4-8 provides the numeric values for
the depletion parameters used in the calculations. Prior to the EPU, the core outlet temperature is lower,
the specific power is lower, and the cycle average core boron concentration is smaller. Depleting with the
EPU conditions results in a higher reactivity at the same burnup than depleting with pre-EPU conditions
(due to a harder spectrum and more plutonium production). Therefore, using the EPU results for pre-EPU
axially blanketed fuel is conservative.

To support the EPU, fuel management studies are performed where the number of feed assemblies varies
from 64 to 72 fresh fuel assemblies. These fuel management studies are used to establish the cycle
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average soluble boron content and the burnable absorber assumptions.

]a,c

For non-blanketed fuel, the depletion parameters used are the most limiting prior to the EPU and the
burnable absorber assumptions used are consistent with actual use (see Table 4-9).

]a,, To

reflect that actual assembly data is used, the minimum cooling time reported is 10 years. If fresh non-
blanketed fuel is ever used in the core again, it will have to be handled as having no burnup until an
analysis is performed to justify burniup credit. If existing non-blanketed fuel is to be re-inserted into the
core, the additional burnup received cannot be credited. Only the burnup received under pre-EPU
conditions can be credited for full length fuel.

Table 4-8 Core Operating Parameters for Depletion Analyses

Non-Blanketed Fuel Value Blanketed Fuel Value
Parameter (pre EPU) (EPU)

Soluble Boron Concentration, ppm 780 [ ]a.c

Reactor Specific Power, MW/MTU 31.7 35.32

Moderator Temperature, 'F 611.31 [ ]a'c

(Core Outlet Temperature)

System Pressure, psi 2250 2250

In-Core Assembly Pitch, Inches 8.465 8.465

Burnable Absorber See Table 4-9
]a,c

Bumup the Removable Absorber is See Table 4-9 [ ]',
removed (GWD/MTU)

Table 4-9 Burnable Absorber Modeling For Non-Blanketed Fuel Depletion

Enrichment Number of Rodlets Removed

1.8 [ ]ax ]ac

2.5 [ ]y'C [ ]ac

3.0 [ ]ac []a,c

3.5 [ ]aXc [ ]ac

4.0 [ ]alc [ ]PeC

For pre-EPU non-blanketed fuel, two different burnable poison insert designs (Pyrex and WABA) were

used (these early fuel cycle designs predate the introduction of IFBA rods). To determine the bounding
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burnable absorber insert for pre-EPU fuel, three sets of PARAGON fuel lattice calculations are
performed:

a,c

Note that, as discussed earlier, the presence of Pyrex inserts in pre-EPU assemblies during depletion is a
conservative assumption. In reality, only a limited number of assemblies are exposed to any burnable
inserts. Further, only a fraction of the assemblies exposed to a burnable absorber were exposed to a Pyrex
insert since this absorber design was only used in the earliest cycles of plant operation. [

]•aC No credit is

taken for the potential presence of residual neutron absorption of burnable poison inserts when
determining neutron multiplication in the spent fuel pool.

For EPU fuel, [

]ac

In addition to the burnable poison inserts, there were also control components containing hafnium that
could be placed in an assembly prior to discharge. These are called reduced length annular Hafnium
Vessel Flux Depression (HFVD) absorbers. The hafnium absorber material was positioned near the
mid-plane of the fuel assembly's axial length, and was only inserted in an assembly on the core periphery

during its third cycle of operation. However, there were a few pre-EPU assemblies that contained a
burnable poison insert during their first cycle of operation and a hafnium insert in their third cycle. Since
the hafnium absorber is near the mid-plane and not in the upper part of the fuel assembly, the flux would
be pushed toward the top and result in increased bumup at the top compared to a fuel assembly without a
hafnium insert. Since the reactivity of burned fuel assemblies is dominated by the end effect, the
reactivity of a fuel assembly that contained a burnable poison insert during its first cycle and then
contained a hafnium insert in its third cycle would be bounded by the same fuel assembly depleted
without a hafnium insert. This is also the conclusion from a special analysis performed for hafnium
inserts in the previously approved criticality analysis (Reference 2).

WCAP- 17094-NP July 2010
Revision 2



4-9

4.5 REACTIVITY EFFECT OF AXIAL BURNUP DISTRIBUTION

The fuel in this report is either blanketed or non-blanketed. There are no plans to use non-blanketed fuel

in the future so the analysis of non-blanketed fuel is specific to the non-blanketed fuel currently in the
spent fuel pools. Blanketed fuel is modeled under the most reactive conditions expected. Since depletion
under EPU conditions is more limiting than depletion under pre-EPU conditions, the blanketed fuel used
prior to the EPU is bounded by the EPU conditions. The axial bumup profile for the blanketed fuel
covering current and future fuel is generated differently than the axial profile for the existing full length
fuel whose burnup is already completed.

The blanketed fuel is assumed to use 8 inch long blankets with 2.6 wt% 235U enrichment in the blanket
region and the blanket pellets are annular. This assumption is conservative for any enrichment less than
2.6 wt% 235U in the 8 inch annular blankets. In general, this assumption does not bound shorter blankets.
However, for the particular case of 6 inch blankets with natural uranium, a separate analysis is performed
to show that 6 inch natural blankets can be accommodated (see subsection 6.3.2)

For each assembly in the model, an axial bumup distribution is needed. The model allows a different
number of axial nodes for each fuel type to be loaded. [

]"lC The atom densities for each node are

generated using the PARAGON code and the depletion parameters from Table 4-8. The next
two subsections describe the determination of the bounding axial burnup distributions for both blanketed
and non-blanketed fuel.

4.5.1 Axial Burnup Distribution for the Blanketed Fuel

There is no standard which provides axial burnup distributions for axially blanketed fuel.
NIUREG/CR-680 1, Recommendations for Addressing Axial Burnup in PWR Burmup Credit Analyses,
(Reference 12) only addresses axial bumup profiles for non-blanketed fuel. In order to gain the benefit of
the lower enrichment associated with axial blankets for spent fuel pool criticality calculations, a set of

limiting axial profiles for blanketed fuel is needed.

]ac

ac
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a,c

The axial burnup profiles are actually provided for each radial quadrant of each fuel assembly. This is
conservative since an assembly average is less severe. The axial burnup distributions are normalized to
the assembly average burnup.

]ac
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a,c

For very low burnups, the limiting axial profile will be a uniform profile (the end effect becomes
important only at higher burnups). Both the end effect limiting shape and the uniform shape are
considered when generating the loading curves.

Table 4-11 shows the limiting axial burnup profiles for 8-inch 2.6 wt% blanketed fuel.
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Table 4-11 Axial Burnup Profiles for Blanketed Fuel (Node I is the top node)

B~lanket Length 8 8 8 8 8 8 8 8

Blanket Enrichmnent 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 a,c

_ _ _ _ I _ _ I _ _ I _ _ I _ _ I _ _ [I_ [ _ _ [
± I 4 4 4 4

.4. 4 4 4 4 4 4 4

+ 4 4 4 4 4 4 4

4. 4 4 4 * 4 4 4

4. 4 4 4 * 4 4 4

+ 4 4 4 * 4 4 4

I- 4 4 4 * 4 4 4

4. 4 4 4 4 4 4 4

1 1 1 1 [
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Table 4-11 identifies the limiting burnup profile within each burnup range for blanketed fuel.

]a,c

4.5.2 Axial Burnup Distribution for the Non-Blanketed Fuel

For the pre-EPU non-blanketed fuel, bumup profile data from the Turkey Point reactor records are used to
find the most limiting profiles (the pre-EPU non-blanketed loading curves are only used for the existing
fuel).

axc

I

Table 4-12 Assemblies with the Most Limiting Axial Burnup Profiles a,c

4 -f

4 +

I -t

]a,c
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a,c

Table 4-13 1 IUC a,c

+ I

+ I

+ 4

I
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II

Table 4-14 I Ia'c a,c

-4 I t I I-

4 4- 4 4 .4-

i + i i +

-4 4- I. 4 4 .4- I.
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Table 4-15 ]a,c ac

4 .4- I. 4 *4 + I.

4 + I I +

4 + .41- 4-

I -I- t I t t

4 *1- I 4 4- -4- 4

I + I 1 + 4- t

.4 4 4 4 .4- 4- 4
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5 METHODOLOGY

The criticality safety criteria are shown to be met by use of the three dimensional Monte Carlo code,
KENO-V.a (Reference 3). Any mention of KENO in this report refers to KENO-V.a. KENO is run using
the 44 group cross section library based on ENDF/B-V. Prior to the actual KENO analysis the 44 group
cross sections must be processed for the resonance self shielding and for the thermal characteristics of the
problem. The cross section processing and the running of KENO are done using a sequence, CSAS25,
which is part of the SCALE 5.1 code package.

The criticality sequence of SCALE 5.1 is validated using

]a C The details of the validation are found

in Appendix A. The validation showed that SCALE 5.1 is an accurate tool for calculation of klT. [

]ac The benchmark calculations utilize the same computer platform and cross-section

libraries as are used for the design basis calculations. [
]a " Any

additional uncertainty associated with depletion from the fresh fuel condition to the burned fuel condition
is covered by the 5% of the delta-k due to depletion (Reference 4).

The convergence of a Monte Carlo criticality problem is sensitive to the following parameters:
(1) number of particle histories per generation, (2) the number of generations skipped before averaging,
(3) the total number of generations and (4) the initial source distribution. The KENO criticality output
contains a great deal of useful information that may be used to determine the acceptability of the problem
convergence. This information is used to develop appropriate values for the aforementioned parameters
applied in storage rack criticality calculations. Based on this information, the calculations use
12,000 histories per generation and 3000 generations are accumulated for a total of 36 million neutron
histories per case. The number of generations skipped that results in the minimum statistical uncertainty
in the value of keff is detennined automatically by SCALE. The standard deviation of a calculation is
typically only +0.000 1 in kff. The initial source is specified as uniform over the fueled regions
(assemblies), which is found to achieve convergence in fewer than 100 generations.

For fresh fuel analyses, the atom densities used in the KENO analysis are directly derived from the
material descriptions. For spent fuel, depletion analyses are performed using the PARAGON
Version 1.2.0 code (Reference 6). PARAGON is a depletion code that is approved for use as a direct
replacement of PHOENIX-P (Reference 13) which is still used for the standard fuel management lattice
calculations performed by Westinghouse.

PARAGON is Westinghouse's state-of-the-art two-dimensional lattice transport code. It is being used as
part of Westinghouse's core design package, providing lattice cell data for three-dimensional core
simulator codes. These data include macroscopic cross sections, microscopic cross sections for feedback
adjustments, pin factors for pin power reconstruction calculations, and discontinuity factors for
three-dimensional nodal method solution of the diffusion equation. PARAGON uses the collision
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probability theory within the interface current method to solve the integral transport equation.
Throughout the whole calculation, PARAGON uses the exact heterogeneous geometry of the assembly
and the same energy groups as in the cross-section library to compute the multi-group fluxes for each
micro-region location of the assembly. In order to generate the multi-group data, PARAGON goes
through four steps of calculations: resonance self-shielding, flux solution, homogenization and burnup
calculation. The 70-group PARAGON cross-section library is based on the ENDF/B-VI.3 basic nuclear
data. It includes explicit multigroup cross-sections and other nuclear data for 174 isotopes, without any
lumped fission products or pseudo cross sections. PARAGON and its 70-group cross-section library are
benchmarked, qualified, and licensed both as a standalone transport code and as a nuclear data source for
a core simulator in a complete nuclear design code system for core design, safety and operational
calculations.

PARAGON is generically approved for depletion calculations. The use of PARAGON for spent fuel
criticality is chosen since it has improvements relative to PHOENIX-P and has all the attributes needed
for this work. There are no SER limitations for the use of PARAGON in UO2 criticality analysis.

Prior to inputting the PARAGON generated atom densities into the SCALE/KENO model, the atom
densities are adjusted for decay to 72 hours, 2.5 years, 5 years, 10 years, 15 years, 20 years, and 25 years.
The decay analysis is straightforward and described in subsection 6.1 .1.

The burnup credit analysis is iterative. The analyst must estimate an allowable burnup for
each enrichment, deplete to that burnup using PARAGON, place the depleted atom densities in KENO,
and finally compare the calculated kff- to the criticality safety criteria. Before comparing to the safety
criteria, the bias and the combination of uncertainties must be added.

The evaluation performed to develop Tables 1-2 and 1-3 of this report consisted of KENO calculations
performed at many combinations of enrichment, burnup and post-irradiation cooling time for each of the
proposed fuel storage patterns. After fitting the data points to the curve described in Section 1, the
curve-evaluated burnups are then used in subsequent KENO runs to calculate the keff for all enrichment,
burnup, and cooling time combinations. All of these calculations demonstrate that the maximum keff met
the acceptance criteria with and without soluble boron including appropriate biases and uncertainties (see
Section 6.7).
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6 ANALYSIS

This section describes the calculations that are used to determine acceptable storage criteria for the
Region I and Region 2 racks as well as the Cask Area Rack and the New Fuel Storage Rack. This section
also summarizes the results of these calculations. In addition, this section discusses the possible abnormal
and accident conditions. Unless otherwise stated, all calculations assumed nominal characteristics for the
fuel and the fuel storage cells. The effect of the manufacturing tolerances is accounted for by combining
the reactivity effects associated with manufacturing tolerances (rack, fuel, etc) with other uncertainties as
discussed below.

As discussed in Section 5, KENO is the criticality code used in the Turkey Point criticality calculations.
KENO is used to determine the reactivity effect of tolerances and to perform calculations needed for
eccentric fuel positioning, and fuel misloading.

All calculations are made using an explicit model of the fuel and storage cell geometry. KENO
three-dimensional calculations model a 2-by-2 array of cells surrounded by periodic boundary conditions.
The three-dimensional KENO models assume 60 cm of water above and below the active fuel length.
Additional KENO models with more than four cells and different boundary conditions are generated to
investigate the effect of interfaces between racks and to analyze accident conditions. These models are
discussed in the appropriate sections below.

6.1 DEPLETION MODEL DESCRIPTION

As discussed in Section 5, the fuel lattice code, PARAGON, is used for all the depletion calculations. The
depletion model is a 15x 15 standard fuel assembly in an infinite lattice of fuel assemblies separated by the
fuel assembly gap in the reactor core. The depletion conditions are different for pre-EPU fuel and EPU
fuel as discussed in Section 4.4. After depleting to each burnup step, the conditions are brought down
from full power to room temperature and pressure before extracting the isotopic compositions. This is
necessary to correct the fuel density which is depleted at full power temperatures.

6.1.1 Isotopic Compositions

]a,c

With the depletion assumptions given in Section 4.4, 15x 15 fuel is depleted to 72 GWD/MTU using
PARAGON at the following 235U enrichments:

o Full length(non-blanketed) fuel: 1.8, 2.5, 3.0, 3.5, and 4.0
o Axial blanketed fuel: 2.0, 3.4, 4.0, 4.5, and 5.0
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The burnup steps chosen are 0, 0.15, 0.50, 1.00, 2.00, 3.00, and every 1.0 GWD/MTU up to
72 GWD/MTU (although 72 GWD/MTU is not allowed for an assembly average, the isotopic inventory
at high burnups are needed for the center of highly burned fuel). The isotopic concentration at room
temperature conditions is obtained from PARAGON at each burnup step for 77 nuclides. The advantage
of using PARAGON is that all of the major and minor actinides and fission products are tracked. For the
I

]a,c.

The PARAGON calculations that produce isotopic compositions for use in KENO are performed
generically, with one set of depletion steps for each enrichment, at bumup increments of 1.0 GWD/MTU
or less. The isotopic composition at any given bumup is then determined by quadratic interpolation using
the nearest three burnup steps.

6.2 KENO MODEL DESCRIPTION

6.2.1 Infinite Model Description

Using the dimensions and materials described in Section 4, a 2x2 array of the spent fuel rack is modeled
in KENO. An illustration of the KENO model for the two insert case is shown in Figure 6-1 below. In
this Figure, the two inserts are shown in a checkerboard pattern. However, all of the final two insert
calculations are run with the two inserts in the same row (a "parallel" configuration) because this gives a
higher keff than the checkerboard arrangement. The region above and below the active fuel is modeled as
60 cm of pure water (i.e., no soluble boron credited in the water reflector).

The grids and sleeves in the fuel are replaced with water. Analysis confirms that this is conservative.

Some of the cases allow for a checkerboard of high and low burned fuel.

]a,c

WCAP-17094-NP July 2010
Revision 2



6-3

Figure 6-1. KENO Model of a Two Insert Case

6.2.2 Large Pool Model Description

Larger, full-pool models are created to adequately address 1) the reactivity of eccentric positioning of the
fuel, 2) reduced burnup requirements (higher reactivity fuel) along the pool periphery, 3) the Region 1 and
Region 2 interface, and 4) a misloaded fresh fuel assembly.

The large pool model is sized such that the effect of radial leakage is minimized.
]aC The Region 2 racks actually consists of 53 by 19 storage

cells (in several rack modules plus a separate 9 by 13 rack module). The Region 2 racks in the full-pool
model is [ versus the actual 1124 storage cells in the Turkey Point spent fuel pools.
I ]a"C The Region 1 spent

fuel racks in the spent fuel pool are actually three storage rack modules (two 8 by 11 modules separated
from an II by 10 rack module). The Region 2 rack model is separated from the Region I rack module by
I ]a". The cask area rack is not modeled in the
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large pool model. Figure 4-1 shows the actual spent fuel pool layout. Figure 6-2 shows the large pool
model.

The large pool model is an expansion of the 2x2 infinite model; therefore, all the detailed modeling of the
fuel and rack is identical.

a,c
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6.3 MANUFACTURING TOLERANCES

In calculating the final value of kff, the reactivity effect of manufacturing tolerances must be included.
KENO is used to quantify these effects. A bounding fuel smear density of 97.5% of theoretical density is
used in both the depletion calculations and the KENO analysis and so no separate tolerance calculation
for density is needed.

]a,

1. Rack cell ID [ ]a,c

2. Rack cell pitch [ ]ac

3. Rack cell wall thickness [ ]a.c

4. Fuel position in the cell [],c
5. Fuel rod pitch [ ]ax.c

6. Fuel clad OD []a,c
7. Fuel clad ID [ ]aXC

8. Guide tube OD and ID)( [ ]a,c

9. Pellet OD [ pc

10. Metamic areal density [ ]a,c

11. Metamic width [ ]a,c

12. Gaps and holes in the Metamic insert due to damage
13. Fuel initial enrichment [ ]ac

To conservatively model potential minor manufacturing/handling defects in the Metamic inserts, a

0.25 inch gap is assumed to exist in the middle of each panel that extended the full length of the insert.
This would bound any credible damage from scratches and holes that might be caused by moving the
inserts into and out of the cells.

The reactivity effect of tolerances are established separately for Region 1 and Region 2 racks. The
reference condition for each rack type consists of nominal dimensions and properties. Worst case
dimensions are used for the cask area so separate tolerance calculations for these regions are not
performed. For the new fuel storage rack, most of the analysis was performed with the worst case
dimensions. For the 4.7 wt% 235U fully flooded case, the worst case dimensions and positioning were
separated from the enrichment uncertainty. These two uncertainties were then statistically combined with
the validation uncertainty.

IThe guide tube OD and ID were conservatively changed [ ].,c to maximize reactivity.
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To determine the Ak associated with a specific manufacturing tolerance, the keff calculated for the
reference condition is compared to the kff from a calculation with an individual tolerance included.

]a.C The Ak due to a tolerance is then calculated as follows:

Ak = k, - kR+ 2 1 R•

where:

k, = kff with the tolerance included,

kt = klff for the reference case,

•Y = Monte Carlo standard deviation for the case with the tolerance included, and

GR = Monte Carlo standard deviation of the reference case.

]a.c Table 6-1 below summarizes the results for Region I and Region

2 with and without full length RCCAs or Metamic inserts as appropriate. It should be noted that both low
enriched, low burnup and high enriched, high burnup assemblies are analyzed for the tolerance
calculations and the worst tolerance effect is tabulated. For Region 2 with inserts, both one insert and two

insert cases are analyzed with the most limiting total tolerance uncertainty listed. Tolerance calculations
for Region 2 with full length RCCAs are bounded by the tolerance calculations for Region 2 with inserts.
All of the Ak values from the various tolerance effect calculations are statistically combined (square root

of the sum of the squares) with the enrichment, depletion, bumup and validation uncertainties to

determine the final reactivity penalty.

6.3.1 OFA versus STD Fuel

Westinghouse STD fuel was modeled in this analysis. The Turkey Point reactors have used two fuel

types, Westinghouse OFA and Westinghouse STD fuel. These fuel types have identical geometrical
properties for those parameters important to reactivity, with the exception of the guide tube thickness.

The reactivity effect of changing the guide tube OD and ID of the STD fuel assembly at the same time (to
achieve minimum thickness) increases kfrf by a maximum of only 0.0005 (see Table 6-1). As seen from
Table 4-1, the STD fuel assembly guide tube has a larger geometric cross-sectional area than the OFA

assembly, thereby displacing more moderator. If OFA fuel is explicitly analyzed in the depletion

calculations, there would be more moderator, resulting in a softer spectrum and producing less plutonium.

So OFA fuel would lose reactivity with depletion faster than STD fuel. It is concluded, therefore, that the
reactivity effect of OFA fuel is either negative or insignificant compared to STD fuel. (Upgrade fuel has
the same dimensions important to criticality as OFA fuel.)
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Table 6-1 Effect of Tolerances on Reactivity

Region I Region 1 Region 2
Tolerance w/RCCAs Region 2 w/inserts

Rack cell ID

Rack cell pitch

Rack wall thickness

Eccentric positioning

Fuel rod pitch

Fuel clad ID

Fuel clad OD

Guide tube OD/ID

Pellet OD

Metamic areal density

Metamic width

Metamic damage

Total tolerance uncertainty.

6.3.2 Natural Uranium Axial Blankets

As noted above, the blanketed assemblies are assumed to contain 2.6 wt% enriched annular axial blankets
that are 8 inches in length. 8 inch blankets that are less than 2.6 wt% are covered by this analysis since
there is less 235U. Generally, shorter blankets would not be covered by this analysis (since there is more
midplane fuel) but since Turkey Point has used 6 inch solid and annular natural uranium blankets in the
past, a separate analysis is performed to show that these assemblies are bounded by the 8 inch,
2.6 wt% blanketed assemblies. These assemblies are only applicable to pre-EPU operating conditions. A
calculation is performed for fuel Category 1I-2b requiring two out of four inserts. A fuel assembly with a
central zone enrichment of 4.0 wt% 235U and 6 inch natural uranium solid blankets is depleted under
pre-EPU conditions to 40 GWD/MTU. The ktff for this configuration is 0.9683. The same fuel assembly
but with 8 inch 2.6 wt% enriched annular blankets is depleted under EPU conditions to 40 GWD/MTU.
The k~r for this configuration is 0.9839. The 8 inch, 2.6 wt% enriched annular blanket is clearly more
limiting and so the axial blanket loading curves apply to 6 inch natural uranium solid (or annular)
blankets depleted under pre-EPU conditions.

During the transition from pre-EPU to EPU fuel, there will be 6 inch annular natural uranium blanket
assemblies that will be partially depleted under EPU conditions. An analysis is performed to confirm that
these assemblies would be bounded by the 8 inch enriched blankets. For this confirmation, the
6 inch natural blanket assemblies are assumed to be depleted under EPU conditions. At 40 GWD/MTU,
the k~f for the 4.0 wt% fuel assembly with an 8 inch enriched blanket is 0.0042 higher than the kf for the
fuel assembly with a 6 inch natural blanket. At 50 GWD/MTU, the fuel assembly with an 8 inch enriched
blanket is 0.0026 higher and at 60 GWD/MTU, the fuel assembly with the 8 inch enriched blanket is

a,c
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0.0009 lower. The 6 inch natural blanket is bounded by the axial blanket loading curves up to
57 GWD/MTU. Therefore, a maximum of 57 GWD/MTU of burnup credit can be taken for any
6 inch natural blanket assemblies depleted under EPU conditions. An administrative control will be
placed on the transition cycles to implement this limit.

6.4 UNCERTAINTIES WITH SOLUBLE BORON

6.5 UNCERTAINTY IN DEPLETION, BURNUP, AND ENRICHMENT

The depletion uncertainty is taken to be 5% of the delta-k difference between the reactivity at the fresh
fuel condition to the reactivity at the burned fuel condition of interest:

Depletion uncertainty = (kfresh - kbum) * 0.05

This is consistent with Reference 4. KENO calculations for each fuel category are performed for each
enrichment using unburned fresh fuel to obtain the fresh fuel keff.

The uncertainty in the burnup records is assumed to be 5% of the burnup. To estimate the uncertainty in
keff due to uncertainty in the burnup, the bumup slope is needed (that is, the delta-k per unit of burnup).
This slope can be obtained directly from the fresh fuel k~ty. That is,

BU slope = (kfresh - kbum) / BU

This slope is conservative for the bumup uncertainty calculation because the actual slope at a particular

burmup is always smaller (the kff versus bumup curve is concave). Multiplying the above BU slope by
0.05 x BU, we obtain:

Burnup uncertainty = (kfreslj - kburn) * 0.05

which is exactly the same as the depletion uncertainty. This makes physical sense because the depletion
is dominated by the burnup and a 5% error in the burnup translates into a 5% error in the depletion (and
vice-versa).

The uncertainty in the enrichment is assumed to be ± 0.05 wt% 235U. The uncertainty due to enrichment
can be obtained from the k-fresh of fuel of different enrichments as follows:

Enrichment uncertainty") = 0.05 * (kfrsh El - kfresh E2) / (El - E2)

t For blanketed fuel assemblies, this enrichment is the enrichment of the central zone. Analyses is perfomaed to separately
account for enrichment uncertainty in the blanketed regions and found to be insignificant.
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where:

El = enrichment I
E2 = enrichment 2

The depletion, burnup, and enrichment uncertainties are statistically combined with the other uncertainties
when determining the maximum kfr for comparison to the limits.

The actual pool loading in any 2x2 storage array can contain four assemblies having different
combinations of burmup and enrichment as long as each assembly meets the fuel category requirements.

[

]a,c

6.6 ECCENTRIC FUEL ASSEMBLY POSITIONING

The fuel assembly is assumed to be normally located in the center of the storage rack cell.

a.c

a,c

The final analysis uses the maximum value of the eccentric loading reactivity for each configuration. The
final eccentric fuel positioning uncertainty is given on Table 6-3.
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a,c

Figure 6-3 Eccentric Positioning in the [
,ac
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Table 6-2 Eccentric Loading Cases Analyzed a,c
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Table 6-3 Summary of Eccentric Loading Uncertainty I
Ia,c

Case Identification Maximum Uncertainty in k~f due
to Eccentric Loading a,c

6.7 CALCULATION OF BURNUP VERSUS ENRICHMENT CURVES

This analysis considers the following parameters and parameter combinations:

Two fuel storage rack styles (Region I and Region 2), with a total of eleven different loading
configurations (allowable 2x2 arrays) using thirteen different fuel categories,

* Assemblies with and without axial blankets,
* Fuel enrichments between 1.8 and 4.0 wt% 235U for pre-EPU non-blanketed fuel,
* Fuel enrichments between 2.0 and 5.0 wt% 235U for blanketed fuel, and
* Cooling times between 72 hours and 25 years.

All calculations to establish and validate the burnup versus enrichment curves are performed as full
three-dimensional criticality calculations considering the axial bumup distribution of each assembly in the
model.

The coefficients of the loading curves for all conditions listed above are shown in Table 1-2 for
assemblies containing axial blankets and in Table 1-3 for non-blanketed assemblies. The required
minimum burnup for selected values of initial enrichment are shown in Tables 1-4 and 1-5.

]a.C The maximum keft including all biases

and uncertainties from Region II is 0.9937 (array I-F) and the maximum k1f for Region I is 0.9939 (array
I-C). The most limiting calculation for each allowable 2x2 array is shown in Table 6-4 along with a
tabulation of all biases and uncertainties applied to the calculated value prior to comparison to the 1.0 k~f
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limit. This table also shows the total addition for each configuration (the sum of all the applicable biases
and uncertainties). Table 6-5 lists the detailed calculations for the conditions producing the two highest
k~ff for all the configurations. The following equation is used to perform the kcff calculation:

keff= k(calc) + Ak(bias) + Ak(uncert)

where:

k(calc) = kcff calculated by the KENO model

Ak(bias) = bias determined from critical benchmark comparisons (see Appendix A)

Ak(uncert) = statistical summation of all tolerance and uncertainty components (square root
of the sum of the squares)

Table 6-4 Most Limiting Calculation for Each Allowable Array

2x2 Array I-A I-B I-C 11-A I1-BI 1I-B2 1I-B3

Region 1 1 1 2 2 2 2

Fuel Category 1-1 1-3 1-2 11-1 11-1/11-3 ll-2b II-2a/II-2c

Axial Blanket? [ ]_,c

Enrichment 5.0 2.5 5.0(1 1.8 2.5 3.5 3.5

Burnup [ ],c

(GWD/MTU)
a

Cooling Time 0.0 20 y 0.0 lOy 25 y 1Oy IOy

Calculated keff

Bias

Uncertainties

Total Addition

Maximum k~f 0.9498 0.9931 0.9939 0.9919 0.9933 0.9933 0.9935

Notes:
1. This 5.0 wt/o fuel contains 16 IFBA rods
2. [ ]a,c

,C

,----I
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Table 6-4 Most Limiting Calculation for Each Allowable Array
(cont.)

2x2 Array II-C II-D II-E II-F

Region 2 2 2 2

Fuel Category 11-3/11-5 11-4 11-6/11-8 11-7

Axial Blanket? [ ]a.C

Enrichment 2.5 3.5 2.5 4.0

Burnup (GWD/MTU) [ ]ac

Cooling Time lOy 15 y i0y lOy

Calculated keff

Bias

Uncertainties

Total Addition

Maximum krf 0.9932 0.9932 0.9930 0.9937

Note:
I. [ ] '•

a,c

I
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Table 6-5 Detailed Results for Arrays I-C and 11-F

2x2 Array I-C 11-F

Fuel Category 1-2 11-7

Region 1 2

Axial Blanket? [ ]ac

Enrichment 5.0 4.0

Burnup [ ]a,c

Cooling Time 72 hr lOy

Calculated kcff

klff with fresh fuel at 5.0/4.0

kdff with fresh fuel at 4.5/3.5

Depletion UncertaintyC')

Burnup Uncertainty(2)

Enrichment Uncertainty(
3 )

Rack Cell ID Tolerance

Rack Cell Wall Tolerance

Rack Cell Pitch Tolerance

Insert Areal Density Tolerance

Insert Width Tolerance

Insert Damage

Fuel Rod Pitch

Fuel Clad OD

Fuel Clad ID

Fuel Pellet OD

Guide Tube OD/ID

Eccentricity Effect

Monte Carlo Uncertainty (2 (7)

Validation Uncertainty

Combined Uncertainty

Validation Bias

Bias plus Uncertainty L

Maximum kff 0.9939 0.9937

Notes:
I. Depletion uncertainty = (k-fresh - k-calc)*.05
2. Bumup uncertainty = (k-fresh - k-calc)*.05
3. Enrichment uncertainty = (k-fresh, - k-fresh2)*.05 / (En, - En2)

ac
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It should be noted that no correction for axial distribution in bumup is needed since the effect is included
explicitly in k(calc); that is, a full 3-D analysis is utilized in all cases. The tolerance and uncertainty
components listed in Table 6-5 are combined statistically using the square root of the sum of the squares
since they are independent variables.

The highest maximum keff for all the storage arrays is 0.9939 which is below the regulatory limit of 1.00,
when considering no soluble boron to be present in the fuel pool water. It should be noted that these
calculations contain significant amounts of embedded safety margin as a result of the underlying
conservative assumptions, such as:

1. Each assembly is depleted

]a,c

2. Conservative axial burnup distributions are used. In reality, only a few assemblies would actually
have these bumup distributions. Most assemblies have a nominal axial burnup distribution which
is less reactive.

3. The loading curves provide the minimum bumnp required. In reality, the loading of the pool in
each 2x2 array will contain assemblies that exceed these bumup requirements resulting in lower
reactivity.

4. The calculations assume worst case pool temperatures for each case. In reality, the pool
temperature would not be at either extreme temperature resulting in a lower reactivity.

The embedded conservatisms will ensure that the actual reactivity of the stored fuel array, under the
assumed condition of the loss of all soluble boron in the pool, will always be significantly below 1.0. All
burnup versus enrichment curves are therefore acceptable and result in reactivity values below the
regulatory limit.

All of the analyses are performed with the same enrichment/bumup (except for high reactivity/low
reactivity cases) in all four locations in the model. Since it is allowable to use differing
enrichment/burnup combinations from a fuel category some confirmatory cases are run. For example, it
may be desirable to pair a pre-EPU 1.8 wt% full length fuel assembly cooled for 25 years with an
EPU blanketed 5.0 wt% assembly cooled for 72 hours requiring two inserts in the 2x2 array. The
pre-EPU assembly will be a Category 11-3 assembly to hold down the reactivity of a Category Ii-1 EPU
assembly. This is configuration II-B 1. The 11-3 required bumup for 1.8 wt% fuel at 25 years cooling is
11.11 GWD/MTU. The 11-1 required burnup for 5.0 wt% fuel at 72 hour cooling is 49.50 GWD/MTU.
The calculated keff for this condition is [ ]a,c. For the calculation of burnup and enrichment
uncertainties, the average enrichment in the array is 3.4 wt% and the average burnup is
30.31 GWD/MTU. The statistical combination of uncertainties for this case is [ ]ac, so the
maximum keff would be 0.9893, clearly meeting the regulatory requirements. A summary of other
confirmatory cases are shown in Table 6-6 below.

WCAP- 17094-NP July 2010
Revision 2



6-17

Table 6-6 Check Cases for Different Burnup/Enrichment Combinations (Two different fuel
assemblies labeled I and 2)

2x2 Array II-B3 I1-BI II-B3 I1-BI l-B3

Region 2 2 2 2 2

Fuel Category 11-2c/II-2a 11-3/11-1 1I-2c/1I-2a 11-3/I1-1 1I-2c/11-2a

Axial Blanket 1 [ ]a,c

Axial Blanket 2 ]ac

Enrichment 1 1.8 1.8 4.0 4.0 4.0

Enrichment 2 5.0 5.0 2.0 2.0 2.0

Burnup 1 (GWD/MUT) 8.88 12.12 40.33 45.44 43.07

Bumup 2 (GWD/MTU) 52.14 40.39 14.99 10.70 12.18

Cooling Time 1 25 y 10y 25 y 10y 10y

Cooling Time 2 72 h 25 y 72 h 25 y 25 y

Maximum krf 0.9871 0.9898 0.9885 0.9898 0.9912

6.8 SOLUBLE BORON CREDIT

Calculations are performed to confirm that a soluble boron concentration of 500 ppm in the spent fuel
pool under normal conditions ensures that keff does not exceed 0.95 (after applying all appropriate
uncertainties) for each fuel storage arrangement. [

]aC For all storage arrays, the keff is less than 0.95 after applying all biases

and uncertainties. The details of the calculation for Array II-B2 with 5.0 wt% 235U fuel are shown in
Table 6-7. This array is used for illustration because the ppm worth will be minimum due to the high
burnup requirements and the presence of two Metamic inserts. Note that in this limiting case, there is
significant margin to the 0.95 limit.

Other storage arrangements are checked and it is confirmed that the two insert case is the most limiting
configuration.

a,c
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Table 6-7 Detailed Results of Array 1I-B2 with Soluble Boron

2x2 Array 1I-B2

Fuel Category 11-2b

Soluble Boron (ppm) 500

Region 2

Enrichment 5.0

Burnup 54.87

Cooling Time 72 hour

Calculated klff

k~fr with fresh fuel at 5.0

kf-r with fresh fuel at 4.5

Depletion Uncertainty(O

Burnup Uncertainty(2)

Enrichment Uncertainty(3 )

Rack Cell ID Tolerance

Rack Cell Wall Tolerance

Rack Cell Pitch Tolerance

Insert Areal Density Tolerance

Insert Width Tolerance

Eccentricity Effect

Fuel Tolerances

Monte Carlo Uncertainty (2 o)

Validation Uncertainty

Combined Uncertainty

Bias

Bias plus Uncertainty

Maximum kcff 0.9339

Notes:
I. Depletion uncertainty (k-fresh 5.o- k-calc)*.05
2. Humup uncertainty = (k-fresh5.0 - k-calc)*.05
3. Enrichment uncertainty = (k-freshs 0 - k-fresh4 .5)*.05 / (5.0 - 4.5)

a,c
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6.9 FUEL ROD BASKETS

Storage of a fuel rod basket in one or more Region 2 cells, instead of a fuel assembly, is evaluated. The
basket is an 8x8 array of stainless steel tubes with the three tubes closest to each comer of the array
omitted, i.e., the total number of tubes is 8x8 - 4x3 = 52 (the KENO model conservatively models all
64 tubes). The dimensions used in the analysis are listed in Table 4-4. A picture of the KENO model is

shown below in Figure 6-4. For the fuel rod basket, it is conservatively assumed that all tubes are filled
with fuel rods, and that all fuel rods consist of fresh fuel of 5.0 wt% enrichment. [

]ac The keff for this model is [ a,c.

Since tolerance, bumup, depletion, and enrichment uncertainties are all zero, the only uncertainty that
needs to be added to this value is bias and uncertainty from the validation (a total adder of [ pc).

The result is 0.9919, which is below the limit of 1.0 with 0.0081 margin. To summarize, a fuel rod basket

can be placed in any Region 2 fuel storage cell without restriction. Since Region 1 and the cask area rack
are less reactive for the same fuel, a fuel rod basket can also be placed in fuel storage cells in these two
regions without restriction.

* w.,4wIn C

Figure 6-4. Radial View of Fuel Rod Basket Model
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6.10 CASK AREA RACK

A picture of the KENO model for the cask area rack is shown in Figure 6-5 below. For this calculation,

all fuel and rack dimensions are set using the worst case tolerances and position. The fuel is fresh 5.0

wt% 235U. The k~ff for this model is [ ]a.c The only applicable uncertainties are the bias and

uncertainty from the validation (a total adder of [ ]ac) The worst case keff after adding uncertainty

is 0.9712, well below the regulatory limit of 1.0.

Figure 6-5. KENO Model for the Cask Area Rack
6.11 INTERFACES

The following subsections discuss the analyses and conclusions for the various interface configurations.
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6.1.1.1 Storage Arrangement Interfaces within the Region 2 Racks

Interfaces between different fuel storage arrangements within a rack module and across a rack-to-rack gap
between Region 2 rack modules are permissible if the following rules are met:

Each 2x2 configuration in the Region 2 area of the pool that does not contain cells facing the pool

wall or Region 1 racks must match one of the analyzed arrays 11-A through I-F.

* In this context, the term "match" means that the configuration has at least the required number of
inserts, full length RCCAs or empty cells and that the assemblies have at least the required
burnup for the appropriate Category.

The requirement to check all possible 2x2 configurations considers each storage cell as part of up to
four 2x2 configurations: one each where the cell is the top left, top right, bottom left and bottom right cell
of the 2x2 configuration. All four of these arrangements must match one of the acceptable categories, but
not necessarily all of them will match the same category. The application of this requirement will
automatically establish rows or columns of boundary cells at the interface, if required. These boundary
cells conservatively fulfill the requirements of cells on each side of the interface. As an example,
Figure 6-6 shows an acceptable interface between Array 11-F and II-B2 with an intermediate row
satisfying Array I-D. Array 11-F requires no inserts, Array 1I-B2 requires two inserts, and Array I1-D
requires one insert. Fulfilling the rules stated above creates a boundary between the two cases consistent
with allowable configurations but with reduced reactivity fuel. For example, the Array I1-D pattern (one
insert for the 2x2 uniformly loaded with Category 11-4 fuel), contains two 11-4 assemblies and two 11-7
(lower reactivity) assemblies.

11-7 11-7 11-7 11-4 11-2b II-2b

11-7 1.1-7 11-7 11-4 1 1-2b) •12)

11-7 11-7 11-7 11-4 a121-' I1-2b

11-7 11-7 11-7 11-4 I1-2b II -- I)

Figure 6-6. Example of an Interface between Array I-F and II-B2 (Shaded cells contain an insert)

Following these rules, every 2x2 configuration matches an analyzed condition, and therefore no
interface-specific analyses are required. Gaps between Region 2 rack modules are conservatively
neglected, i.e., cells located across a rack-to-rack gap are considered the same as cells directly facing
each other within a rack. The configurations wherein Region 2 cells face Region I rack modules or the
pool wall require additional analyses and are discussed in Sections 6.11.3 and 6.11.4, respectively.
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6.11.2 Storage Arrangement Interfaces within the Region 1 Racks

In Region 1 racks, the same approach is used as in Region 2 racks, i.e., case-to-case interfaces within a
rack module and across a rack-to-rack gap between Region I rack modules are permissible if the
following rules are met:

Each 2x2 configuration in the Region 1 area of the pool must match one of the analyzed
arrangements Array I-A through I-C.

o In this context, the term "match" means that the configuration has at least the required number of
empty cells or full length RCCAs and/or the assemblies have at least the required burnup for the

appropriate Category.

No special considerations need be given to cells facing the pool wall or other racks. Additionally,
Category 1-2 and 1-3 cells can be used in any combination without following a specific pattern, as shown

in Figure 1-1.

6.11.3 Region 1 to Region 2 Interface

It is possible that the interface between Region 1 and Region 2 could cause an increase in reactivity
compared to the 2x2 infinite array models. This is possible since the outside of Region 1 does not have
the same size water gap as the general gap between cells in the rest of Region 1. The cell to cell pitch for
Region 1 is 10.6 inches while the pitch is only 9.0 inches for Region 2. The gap between Region 1 and
Region 2 is conservatively modeled as only one inch such that the assemblies are 0.6 inches closer
together at the interface than in Region 1. Although the distance between the cells is larger than the
Region 2 cell to cell pitch, the Region 1 assemblies are more reactive than the Region 2 assemblies. To
minimize the effect of the interface, loading restrictions are applied to the Region 2 cells adjacent to
Region I (see Figure 1-3). Even with these restrictions, some increase in reactivity may be observed.

]ac

The interface analysis is straightforward. Region 1 has only three loading arrangements, checker boarded
fresh fuel, unifornm loading of fresh fuel with full length RCCAs inserted, or uniform loading with burnup
requirements from Table 1-4 and 1-5 (Fuel Category 1-3). The fresh fuel checkerboard has a lower
reactivity since there is some margin and the empty storage cells within the checkerboard would minimize
the interaction. For the first set of interface cases analyzed, Region 1 contains either the highest or lowest
burned fuel from type 1-3 fuel. Region 2 fuel can contain zero, one, or two inserts and highest or lowest
burnup. It can also contain a 3 out of 4 arrangement of fuel (array i1-A). After the cases with uniform
burned fuel in Region 1 are completed, the results are reviewed and the possible limiting cases with fresh
fuel and full length RCCAs are identified and analyzed.

]a,c
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As can be seen in Table 6-8 the effect of the interface on reactivity is very small. From Table 6-8

a,c

Table 6-8 Interface Reactivity Effects [ ]a,c

Region 2

Characteristics

No Absorber Inserts

1 in 4 Absorber Inserts

2 in 4 Absorber Inserts

I in 4 Empty Cells

Note:
The Monte Carlo uncertainty with each calculation is about 0.0001.

6.11.4 Cells Facing the Pool Wall in Region 2 Racks

The effects of radial neutron leakage for the fuel assemblies placed into Region II facing a pool wall
allows for an exception to the normal fuel placement categories. It has been shown that specific fuel of
higher reactivity can be placed on the outer row of Region 2 racks facing the pool wall without inserts if
certain restrictions on the interior fuel locations are applied (See Figure 1-4). Use of this exception to the
normal fuel placement is optional; it is always acceptable to configure these locations under the normal
2x2 array requirements. These more reactive assemblies correspond to the assemblies permitted by
Category 1I-2b or lower reactivity, without any inserts. To qualify this configuration on the peripheral
storage cells for all Region 2 fuel storage arrangements, [

]ax For this calculation, the Region 1 area of the model has no fuel in the racks. This
stored array of fuel is assumed to face a pool wall on three sides, and to contain Category 1I-2b fuel
without inserts in all peripheral locations (Category 11-2c fuel is required for arrays requiring two inserts).
For fuel arranged in accordance with Categories 11-2 through 11-8, the required inserts are placed in the
second row from the interface, i.e., directly adjacent to the row with the Category 11-2b or i1-2c
assemblies. For Category 11-7, variations of the rack to wall distance are analyzed. The results of this
study, as seen on Table 6-9, show no statistically significant effect on the reactivity. Therefore, all other
cases are analyzed using a fixed distance of [ ]a,, Storing Category 1I-2b or 1I-2c fuel on
the periphery without inserts is acceptable as long as the required inserts or empty cells in each 2x2 array

are placed in the row adjacent to the peripheral row.

Using more reactive fuel on the periphery of the rack will always increase reactivity compared to the
reference 2x2 model of the storage configuration, [

a,c

]"'. Table 6-10 shows the delta k due to using the more reactive
fuel on the Region 2/wall boundaries.
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Table 6-9 Effect of Separation between the Wall and Rack

Difference from 5 cm
Case Identification keff Sigma separation

1 cm between wall and rack [ la 0.00007 0.00012

5 cm between wall and rack [ ]a,c 0.00006 N/A

10 cm between wall and rack [ ]aPC 0.00005 0.00002

30 cm between wall and rack [ ]ac 0.00006 0.00013

Table 6-10 Wall Reactivity Effects I

Region 2
Characteristics

No Absorber Inserts
(Category II-2b on wall)

1 in 4 Absorber Inserts
(Category 1I-2b on wall)

2 in 4 Absorber Inserts
(Category I-2c on wall)

a,c

Note:
I in 4 empty cells is not in the above table since the burnup requirements of 11-2b and 11-2c are greater than that needed for
I in 4 empty cells.

The conclusions applicable to Turkey Point fuel storage near the pool walls are summarized as follows:

For any 2x2 arrangement requiring one or no inserts in the Region 2 area of the pool that are
adjacent to cells facing the pool wall, the cells facing the pool wall may contain Category 1I-2b
fuel assemblies without inserts.

For any 2x2 arrangement requiring two inserts that are adjacent to cells facing the pool wall, the
cells facing the pool wall may contain Category 1I-2c fuel assemblies without inserts.

Additionally, the 2nd row from the pool wall of each 2x2 array containing cells facing the fuel pool wall
must contain at least one insert if fuel placed in the 2nd and 3rd row of cells matches Arrays 1I-B I
through II-D criteria.

6.11.5 Combined Effect of Wall and Region 1/Region 2 Interface
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a,c

Table 6-11 Combined Interface and Wall Reactivity Effects I
a~c

Region 2
Characteristics

No Absorber Inserts

I in 4 Absorber Inserts

2 in 4 Absorber Inserts

1 in 4 Empty Cells

Note:
All cases have a Monte Carlo uncertainty of about 0.0001. The cases are run at the minimum burnup requirement for 5 wt%23

5U fuel and 72 hours cooling.

6.11.6 Configurations during Loading and Unloading of Assemblies

An insert can be placed into a cell only after the fuel assembly is placed into the cell. Therefore, during
the loading and unloading of fuel, a condition could exist wherein a storage location requiring an insert to
comply with the final fuel storage loading pattern does not contain that insert during the intermediate
steps. However, under such conditions, the same requirements as for the case-to-case interfaces can be
applied (see subsections 6.11.1 and 6.11.2), which ensures that all configurations conform to an analyzed
condition. As an example, Figure 6-7 shows the possible loading sequence for an assembly into a cell
ultimately requiring an insert in an Array 11-B2 configuration. Performed in reverse order, the steps of
Figure 6-7 show an unloading sequence for an assembly in a cell containing an insert. All steps of the
loading and unloading sequence conform to an analyzed configuration.
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Loading Step 1 Loading Step 2

X

ti 7x
Loading Step 3 Loading Step 4

~/' ,~jA

Figure 6-7 Example of Loading Steps for Array I1-B2 (All locations contain an assembly except
those with an X, shaded also contains an insert)

6.11.7 Interface with the Cask Area Rack

The cask area rack has sufficient absorber panels that the maximum keff is much less than the limiting kff
in Region 1 or Region 2. Section 6.10 shows the most limiting cask area rack reactivity is 0.9712 where

the limiting Region 1 or Region 2 reactivity is near 0.995. The Region 1 and Region 2 analyses assumed
an infinite array of the same assemblies so placing a lower reactivity rack in the model would not increase
the reactivity of the Region I or Region 2 racks. The cask area rack is also analyzed as infinite. Placing
the Region 1 or Region 2 racks next to the cask area rack would increase the reactivity determined for the

cask area rack but not above the Region 1 or Region 2 values. The cask area rack has Boral panels on the
exterior of the rack so there is no local increase in reactivity at the rack interface. There are no interface
loading constraints on the Cask Area Rack/Region 1 or Cask Area Rack/Region 2 interface.

6.12 ABNORMAL AND ACCIDENT CONDITIONS

6.12.1 Limiting Accident Case

All abnormal and accident conditions are bounded by the condition of placing a fresh assembly into the

water-filled cell required by Array 11-A. This is expected since the fresh assembly is being surrounded by
the most reactive fuel allowed in Region 2. Therefore, this condition is calculated for 5.0 wt% 235U fresh
fuel with 1600 ppm soluble boron in the pool water. Table 6-12 below shows the results of the
calculation.

]a,c
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The misloaded assembly analysis presented in Table 6-12 is done at the highest enrichment/burnup point
of the loading requirements. [

]a"C The analysis is also done at both hot and cold water conditions. The results
are very similar but the hot conditions are slightly more limiting and so the hot condition results are
shown on Table 6-12.

All allowable loadings in Region 2 require burnup, so misloading a fresh fuel assembly into Region 2
would be very unlikely. A conservative analysis of misloaded 5.0 wt% 2 35U fresh fuel in Region 1 was
preformed; the reactivity increase from the misload was offset by 1500 ppm of soluble boron. Therefore
the misload in Region 1 is bounded by the misload in Region 2.

Along with misloading an assembly it is required to consider an inadvertent removal of an absorber. The
inadvertent removal of any absorber insert creates cases with higher burnup than that analyzed for the
misloaded fresh assembly so these cases are covered by the misload analysis presented in this section.
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Table 6-12 Results of Accident Condition with 1600 ppm Soluble Boron (Fresh Fuel Surrounded by
Category I-1 Fuel)

Soluble Boron (ppm) 1600

Region 2

Enrichment of 11-1 Fuel 5.0

Bumup of 11-1 Fuel 49.50

Cooling Time 72 hour

Pool Temperature ('F) 150

Calculated kerr

Depletion Uncertainty(
1 )

Burnup Uncertainty(2)

Enrichment Uncertainty(3)

Rack Cell ID Tolerance

Rack Cell Wall Tolerance

Rack Cell Pitch Tolerance

Insert Areal Density Tolerance

Eccentricity Effect

Fuel Tolerances

Monte Carlo Uncertainty (2 c)

Validation Uncertainty

Combined Uncertainty

Bias

Bias plus Uncertainty

Maximum kIf 0.9393

Note:
I. Depletion uncertainty for II-1 fuel in Array 1I-A
2. Bumup uncertainty for I-1 fuel in Array Il-A
3. Enrichment uncertainty for Il-I fuel in Array I1-A

a,c
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6.12.2 Less Limiting Accident Conditions

A number of less limiting accident conditions must be considered and are discussed below.

The spent fuel pool is to be operated at less than 150 degrees F. However, under accident conditions this
temperature could be higher. Due to the large volume of water in the spent fuel pool, boiling off the pool

water before remediation is not credible; therefore the lowest density of the water is the water density at

boiling and atmospheric pressure, .96 gm/cc. The cases with absorber inserts are limited by cold
conditions. The water in empty cells is close to full neutron absorption at even 0.96 gim/cc. The case that
increases the most with temperature is the Region 1 case with full loading of fuel. Analysis is performed

on Region 1 with the highest bumup, 38.241 GWD/MTU, the highest enrichment, 5 wt%, and shortest
cooling, 72 hours, to determine the effect of accident temperatures. Since this is an accident case, the
water is assumed to contain at least 1600 ppm. With water at the boiling temperature and no voids keff is
I ]a,c which is well below the safety limit. Although most voiding with boiling would be around

the fuel pins where water has a positive worth, a few other cases are run with voiding and 1600 ppm. The
cases assumed 5%, 22%, 48%, and 69% voiding. The keff for these cases are [

]',C respectively. Although reactivity is increasing with increasing voids the reactivity with
69% voids still leaves considerable margin to the criticality safety limits.

During placement of the fuel assemblies in the racks, it is possible to drop the fuel assembly from the fuel
handling machine. The dropped assembly could land horizontally on top of the other fuel assemblies in

the rack. In this case, there is significant separation between the dropped fuel assembly and the rest of the
fuel assemblies due to the top nozzle, fuel rod plenum, fuel rod end plug, and the separation between the

fuel rod and the top nozzle. This separation is at least 10 inches. It is clear that the misloaded fresh fuel
assembly described in subsection 6.12.1 is far more limiting than a single assembly lying horizontally on
top of other assemblies in the rack. It is also possible that a fuel assembly could be dropped in its location

with such force that the resultant fuel assembly deforms the support structure such that more of the fuel

assembly is below the absorbers. The removal of an absorber insert represents 100% of the assembly
below the absorber and this was seen in the previous subsection to be non-limiting.

It is possible to misplace a fuel assembly in a location not intended for fuel. Any assembly placed outside
of the racks is surrounded by water on at least two sides. The misloaded fresh assembly in
subsection 6.12.1 is surrounded by fuel on all four sides. The reactivity level of that fuel around the
misloaded assembly is the highest of any fuel in Region 2. Analysis, also reported in subsection 6.12.1,

showed that if the entire Region I rack is loaded with fresh fuel and 1500 ppm it would meet the
subcriticality requirements. Adding a fresh fuel assembly outside of Region 1 is clearly less limiting than
the already analyzed multiple misloadings in Region 1.

There are two conditions with the cask area rack that must be considered. First, the cask area rack has a
comer where there is no storage cell box. It is possible, though very unlikely, that a fresh fuel assembly
could be placed in this comer such that there is only one panel of Boral separating this misplaced fuel

assembly from the fuel assemblies in the cask area rack. The infinite 2x2 model of the cask area rack is
modified to model this scenario. See the Figure 6-8 below. The kcff for this case with 1600 ppm boron in

the water is ]a,C which is significantly less than the limiting accident reported in subsection
6.12.1.
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Figure 6-8. Model for Misloading a Fresh Assembly in the Cask Area Rack Corner Cut

The second condition to be analyzed is due to the side of the cask area rack designed to be placed next to
the pool wall and therefore contains no Boral absorber. While it is considered extremely unlikely that the
cask rack could be mis-positioned, if the entire rack is rotated 180 degrees, then the side with no Boral
will be facing fuel assemblies in Region 2. The infinite cask area model is modified to remove the Boral
absorber on two sides. This very conservatively represents the rack facing fuel assemblies in Region 2.
The kef- of this configuration with 1600 ppm boron in the water is [ ]aC which is significantly less
than the limiting accident.

6.13 NEW FUEL STORAGE RACK

This section describes the analysis, which supports the safety conclusions (Section 1.5) for the new fuel
storage rack.

6.13.1 Rack and Fuel Description

Figures 6-9 and 6-10 show the top and side views of the new fuel rack. As can be seen from the top view,
the rack is L-shaped with a 10 by 3 array against an 8 by 3 array making for storage of 54 assemblies.
The side view is shortened. The side view shows two column-like items, which are funnel type devices
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used to assure the fuel assemblies are correctly placed in the rack. Between the bottom funnel and top
funnel the rack is open. The funnels are 2 feet 9 inches long. For this analysis, it is assumed that the fuel
assemblies are bare with only water between them. The cell pitch in the rack is 21 ± 0.125 inches. The
cell has an ID of 9 inches which is used for determining eccentric positioning. The fuel description is
found in Section 4.1. For the final analysis of fuel greater than a nominal 4.7 wt% 235U, the 16 IFBA rods
[ ]a,c.

4:

Figure 6-9. Top View of the Turkey Point New Fuel Racks
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-5&C7T/OAI (TzI*)
3'j ,-/5 /'- C)

Figure 6-10. Side View of the Turkey Point New Fuel Racks

6.13.2 Model Description

The analysis is done with SCALE 5.1 (parm=NITAWL) and the 44 group ENDF/B-V library. The
validation of SCALE is documented in Appendix A. The new fuel rack analysis is within the range of the
validation shown on Table 8-1 of the Appendix. From the validation,

]a,c

The SCALE model of the rack is shown in Figure 6-11.
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MATERIAL 8
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Figure 6-11. New Fuel Rack Model
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The following are comments about the SCALE model:

1. The U0 2 density is selected as 97% of the theoretical density. This is lower than the 97.5 % of
theoretical density used for the spent fuel pool analysis. This is the stack density - no dishing or
chamfering is taken into account. The current fuel products use a theoretical density of 95.5%
[ ]a,c. Thus the assumed theoretical density covers the most limiting condition. If the
nominal fuel density is raised to 97%, the dishing fraction would cover the uncertainty in density.

2. The water is modeled at the maximum density of 1.00 gm/cc.

3. For the final models, the axial reflector is assumed to be 100% water. Analysis is also perfonned
with the axial reflector modeled as 50% water and 50% steel. In the fully flooded cases, the
difference is less than the uncertainty. In the optimum moderation cases, the additional water
increased reactivity. The radial reflector is water at the same density as in the lattice. a,c

4.

5. For the limiting cases the fuel is placed in the cells so that they are
]ax.

6.13.3 Rack Analysis

Analysis showed that 5 wt% 235U fuel would not meet the 0.95 acceptance criterion in the fresh fuel rack
without additional absorbers. The absorber selected is 16 IFBA rods in the assembly. The minimum
number of IFBA rods in any Westinghouse IFBA design is 16 rods. It is assumed that the IFBA rods have
a nominal '0B loading of [

]ac Analysis further determined the
maximum enrichment allowed without absorbers is a nominal 4.7 wt% 235U.

Table 6-13 shows the results of the final analysis of the New Fuel Storage Racks. The acceptance criteria
for dry storage racks are:

1. If the rack is fully flooded by water, kf- must be less than 0.95.
2. If the rack is flooded with optimum reduced density water, k• must be less than 0.98.

Each criterion must be met including all biases and uncertainties. The 4.7 wt% 2 35
U fully flooded analysis

is done using a nominal base case and the addition of the bias from the validation and a statistical
combination of independent uncertainties. The rest of the cases shown on Table 6-13 started with a base
case that used [ ]ac.
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As seen from Table 6-13, racks with a large separation between assemblies can have higher reactivity at
low water density. The cases with the [ ]a c are run changing
the moderator density to find the low-density peak. Figures 6-12 and 6-13 show the resulting reactivity as
a function of moderation.

The analysis for 4.7 wt % 235U assumes an enrichment uncertainty of 0.05 wt%. The analysis of the
5.0 wt% 235U assumes a maximum enrichment of 5.0 wt%. Although it is anticipated that this will be
interpreted as a maximum nominal enrichment of 4.95 wt%, as long as the actual maximum enrichment is
5.0 wt% or less, the safety analysis applies.

A statistical combination of uncertainties is used for the 4.7 wt% 235U fully flooded case.

Table 6-13 Results for the New Fuel Storage Racks

4.7 wt% 5.0 wt% w/16
Fully 4.7 wt% 5.0 wt% w/16 IFBA

Flooded Optimum IFBA Fully Optimum
Case Moderation Flooded Moderation

k(calc)

Validation Bias

Validation Uncertainty

Tolerance Uncertainty

Enrichment Uncertainty

Monte Carlo Uncertainty

Combined Uncertainty

Max k~ff 0.9440 0.9709 0.9417 0.9527

Regulatory Limit 0.95 0.98 0.95 0.98

Note:r ]a,c

a,c
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a,c

Figure 6-12. keff as a Function of Water Density for 4.75 wt% 2351U Fuel in the New Fuel Racks
a,c

Figure 6-13. keff as a Function of Water Density for 5 wt% 235U Fuel with 16 IFBA Rods
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6.13.4 Sensitivity Analysis

The eccentric positioning of the fuel in the New Fuel Rack cell is evaluated and found to have no effect
for the fully flooded case and a small impact for the optimum moderation case. In the fully flooded cases
the difference in the calculated keff for centered fuel and eccentric positioned fuel is less than [ pc

in k-ff. Since the cell pitch is so large (21 inches), there is little interaction between assemblies in the
flooded model, leading to similar results in the centered and eccentric cases. To show this more clearly, a
case is run with a single 4.7 wt% 235U fuel assembly in the middle of a pool of water. The keff for this case
is [ ]"C, which means that the interaction of assemblies in the eccentric positioning only increased
the k~ff by [ ]d"C in k~ff. [

pac
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APPENDIX A VALIDATION OF SCALE 5.1

A.I INTRODUCTION

This document reports the validation of SCALE 5.1 [1] using the ENDF/B-V 44 group library for LWR
fuel rack applications. SCALE was run with NITAWL to account for resonance self-shielding for all the
analyses in this document therefore this validation uses NITAWL.

The validation consists [ ]a-c and the
determination of the bias and the uncertainty in the calculation of kff for fresh and burned fuel and
follows the direction of NUREG/CR-6698, "Guide for Validation of Nuclear Criticality Safety
Calculational Methodology," [ ]ac [2]. The guide establishes the following steps to
validation:

1. Define operation/process to identify range of parameters to be validated
2. Select critical experiment data
3. Model experiments
4. Analyze the data
5. Define the area of applicability of the validation and limitations

It further defines the steps of "Analyze the data" as:

1. Determination of Bias and Bias Uncertainty
2. Identify Trends in Data, Including Discussion of Methods for Establishing Bias Trends
3. Test for Normal or Other Distribution
4. Select Statistical Method for Treatment of Data
5. Identify and Support Subcritical Margin
6. Calculation of Upper Safety Limit

This approach will be followed for the validation provided in this appendix.
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A.2 DEFINITION OF OPERATION/PROCESS TO IDENTIFY RANGE OF
PARAMETERS TO BE VALIDATED

The validation guidance document [2] states:

"Prior to the initiation of the validation activity, the operating conditions and parameters for
which the validation is to apply must be identified. The fissile isotope, enrichment offissile
isotope, .fuel density,.fuel chemical form, types of neutron moderators and reflectors, range of
moderator to fissile isotope, neutron absorbers, and physical configurations are among the
parameters to specify. These parameters will come to define the area of applicability for the
validation effort."

This validation is for the Turkey Point Units 3 and 4 fuel racks. The racks are assumed to be flooded with
water from zero to full density at a temperature range of 0°C to 100°C at atmospheric pressure. The fuel
is low enriched uranium dioxide (less than or equal to 5.0 wt% 235U). The fuel is in pellets with a density
of greater than 94% of the theoretical density. The only significant neutron moderator is water (at all
densities in the range) and the oxygen in the fuel pellet. The neutron absorbers credited are boron (as
plates, rods or in solution) and Ag-In-Cd control rods. The reflector is water, steel, or concrete. The fuel
is in assemblies but the analysis is also valid for ordered arrays of loose pins. The assembly arrangement
can vary by design from totally isolated assemblies to a close packed array of assemblies.
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A.3 SELECTION OF THE FRESH U0 2 CRITICAL BENCHMARK EXPERIMENTS

There are numerous sources for critical experiments. The OECD International Handbook [4] provides the
most extensive set of well-documented critical experiments, but NUREG/CR-6361 [3] has historically
provided a basis for benchmark experiments to be used in LWR analyses. In NUREG/CR-6361 173
lattice criticality benchmarks are evaluated. These benchmarks have been well tested and in general meet
the needs of this validation. The next step is to select those critical experiments that are relevant to this
analysis.

The UO benchmarks were selected that met the following criteria:

Since the rack subcriticality depends on boron, additional benchmark experiments containing boron were
identified for inclusion in this validation:

a [

a,c

]a,

0

pac
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a,c

The critical experiments chosen to be included in this analysis were selected to cover the range of
parameters important to criticality. An evaluation of the area of applicability is provided in Section A. 10.
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Table A.3-1 Benchmark Experiment Summary

Case I D jReference SacDescription
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Table A.3-1 (continued) Benchmark Experiment Summary

~Case 11)erec ription ac
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Table A.3-1 (continued) Benchmark Experiment Summary

I

11
- Lx~asehIi~i ;j~;:~c~~i

a c
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Table A.3-1 (continued) Benchmark Experiment Summary

-) CC1w D a ) Case 11) ac
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A.4 ANALYSIS OF THE FRESH U0 2 BENCHMARK CRITICAL EXPERIMENTS

NUREG/CR-6698 [2] in section 2.3 states:

For specific critical experiments, the facility or site may choose to use input files generated
elsewhere to expedite the validation process. The site has the responsibility for ensuring that
input files and the options selected are appropriate for use. Regardless of the source of the input
file, the site must have reviewed the description of each critical experiment and determined that
the representation of the experiment, including simplifying assumptions and options, are
consistent with the intended use. In other words, the site must assume ownership of the input file.

Consistent with the NUREG/CR-6698 recommendations, [

]ax.

Table A.4-1 shows the results of the analysis of the
that are used to check for trends in the results. [

]'-' critical experiments along with parameters

] aC
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II Table A.4-1 Critical Exneriment Results with SCALE 5.1 and the 44proun Library 11

a,c

WCAP- 17094-NP 
July 2010

WCAP- 17094-NP July 2010
Revision 2



A-I1

Table A.4-1 Critical Experiment Results with SCALE 5.1 and the 44group Library
(cont.) Aý

a,c
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Table A.4-1 Critical Experiment Results with SCALE 5.1 and the 44group Library

(cont.)

a,c
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Table A.4-1 Critical Experiment Results with SCALE 5.1 and the 44group Library

(cont.)
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Table A.4-2 Summary of Critical Experiments Containing Boron

fF2 ~~Soluble B[ý'Ivc Plate Boron
Ca'JNiiie kic Depm I, "Id4 .I keT a,c
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Table A.4-2 Summary of Critical Experiments Containing Boron
(cont.) a,c
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A.5
aWc

]a,c
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I

]a.c
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A.6
ac

]a~c ac
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ac
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ac
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ac
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A.7 STATISTICAL ANALYSIS OF THE U0 2 AND COMBINED CRITICAL
BENCHMARK SUITE RESULTS

This section examines two benchmark suites. The first suite is composed of [ ]a,,C fresh U0 2 critical

experiments discussed in Sections A.3 and A.4. The second benchmark suite combines [
]aC which ensure the

area of applicability of the suite includes the actinides in spent fuel. In the rest of the discussion, these two
suites will be referred to as the U0 2 and combined suites respectively. In order to demonstrate
conservatism all benchmarking parameters are examined for both suites and the limiting values are used
in the analysis.

II

]a,c
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]a,c

As recommended by NUREG/CR-6698, the results of the validation are checked for normality. The NIST
has made publicly available a statistical package, DATAPLOT.

]ac

Histogram plots of the results are shown in Figures A.7-1 and A.7-2 below and provide a visual check of
the normality of the U0 2 and combined critical experiment suites.

]a,c
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a,c
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a,c
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a,c
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A.7.1 Neutron Spectrum Tests

I

]ac
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a,c
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A.7.2 Geometry Tests a,c
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ac
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a,c
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a,c
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a,c
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A.9 SUBCRITICAL MARGIN

The NRC has established subcritical margins for rack analysis. The subcritical margin for borated spent

fuel pools, casks, and fully flooded dry storage racks is 5% in k. For dry storage racks analyzed with

optimum moderation the subcritical margin is 2%.

]a,c
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A.10 AREA OF APPLICABILITY (BENCHMARK APPLICABILITY)

The critical benchmarks were selected to cover all commercial light water reactor fuel storage racks or
casks. Little to no extrapolation for key parameters important to criticality is needed. To summarize the

range of the benchmark applicability (or area of applicability), Table A. 10-1 is provided below.

Table A.10-1 Area of Applicability (Benchmark Applicability) a.c

WCAP- 17094-NP July 2010
Revision 2



A-38

J Table A.10-1 Area of Applicability (Benchmark Applicability) ac

__ (Cont.) 1 -1
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A.11 SUMMARY

This validation follows the guidance of NUREG/CR-6698 [ ]"'° Key aspects of the guidance
are the selection of experiments, analysis of the experiments, statistical treatment, determination of the
bias and the bias uncertainty, and finally identification of the area of applicability.

I ]"'f have been selected that cover the range of conditions

for rack analysis. The experiments have been analyzed using SCALE 5.1 and the ENDF/B-V cross
sections and the resulting bias in k is very small.

]a,c

While this validation is intended to cover the Turkey Point Units 3 and 4 fuel racks, the specifics of the
area of applicability are found in Table A. 10-1.
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Acronyms

[
[

ACRONYMS

Definition

]a,c

]a,c

Standardized Computer Analyses for Licensing Evaluation. This is the name of a
computer code used in this case for criticality analysis.

Organization for Economic Co-operation and Development.

Upper Subcriticality Limit on kff to assume safety.

SCALE

OECD

USL
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Attachment 3
Turkey Point Units 3 and 4

License Amendment Request No. 207
Fuel Storage Criticality Analysis

Westinghouse Affidavit

WCAP-17094-P, Rev 2,
Turkey Point Units 3 and 4
New Fuel Storage Rack and

Spent Fuel Pool Criticality Analysis



Westngious Ektriusean

' " ' 2,0: .O Box 355 .. .:

PiK burgh, Pennsyl~van.4a 1. 5230-0355;
uSA-

U.S. Nuclear Regulatory Commission Direct 0cl (412) 374-4643
Document Control Desk Dinct fak: (412).374`3846
Wasshington. DC 20555-0001 e-mail: greshaja@WeS ingo~ise.com

Pt•.leF e I ̀N F•PZ 1- I 72

CAWt 10-2895

Ju 1j,26, 20 10

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORM ATIONTFR OM P UI C LI DI SCLOSU RE ...

Subject A"7,4P, Revision2 . . ... .. .key Point Units 3 and.4 NewFuel Stor0ge Rackaud'Spent.

Fiel PooL Criticality Anaiysis" (Proprietary)

The proprietary information for which withholding is being requested in the above-referenced report is
fijrthe- identified i A.ffidcivit CAW-l' 0-2895 sign&l by thehowrieriof the propritary ihfobh tion -
Westinghouase Electric Company LUC. Tlae affidavit,-whichaccompaniesthis letter, sets fortl tlie basis
on whicch theilformation may be withheld from public disclosurcby tle Commission nd addresses with
specifkiythe considerationsO li'sted in paragraph (b)(4) of 10 CFR Section 2.390 of the Commissions'S
regulations.

,Accordingly, this lefhter authJrizes the utilizaton of the accompanying affidavit by Florida Power and
Ligh4t Company.•

Correspondence withl respect to the pýprpietary aspects ofthe app!,ication f1or withholding or the
Westingh'bi e a'idavt houildk fci dInchis lettm, CAW-.102895 and should be addressedto
J, A. Geselanmr anageri, Regulk toy Cqomk iance aiid Plan• L• •grrsin- Wcstingh•use Electric
C'mpany LL,'C P-0. Bo-x355, Pittsburgi, Pennsylvania 15230-0355.

?. A, Geslam, Manager
Regulatory CompiiahieC and PlaLt Licensingm

'E'n'losures



CAW- 10-2895

AFFbiDAI

COM4MONWEALTH OF PENNSYLVANIA:

SS

COUNTY OF AiLLEGHENY:

Before me the und rsigned authority, personally appear d J. A.AGreshani, Who, b iiig by, me dcly,

sworn according t9 law, deposes and says thai aw is authorizýed to execute-thisAffidavit on behalf of

Westinghouse Electric Company L[C (Westinghouse) and'thathe averments of fact set forth ihIhllis

Affidavit are'true and •orrIct to the best of his knowledge,, infoirmation and belie f:

:A.r Gresham, Manager

Reguiato y Comrrpl]a ije and Plant Licens ing

Sworn toq..id subscribed before ...e

ihis 26thfda' of July 2010

Notry. Public

COMMONWEALtIH OF P•ENNSYLVANIA

NOrAIIAL SEAL
Reýnee GiaMPOle, Notary PublicP~enn'TownsthjpW'

W0stmofeoian&cuntYMy commi"Sion Expfo plr, , 5 21
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( ýI) I amManager, Regtlatobr Compliance and Plant Licensing' in Nuc-aI Servicesý Westinghouse

Elctric Company LLC (Westinghouse), and s , su h have been specifically delceated the

fun tion of reviewing the proprietai-y: in ffmation Sought to be withheld from public disclosure in

connection witlhiiuc6eAr power plant licensirig andurule nmaking piroceedings, and am authorized.to

apply for its withholding on behalf of Westinghouse.

"() I am making this Affidaiit in: c0.iforman~&e.with the provjsibns of 10 CFR Section 2.390 offthe

Cgpmmissioihs regulationg and: in eojuhetioh w ith the Wcstinghou'e A pplioation: for Withholding

Prpprietary Information from Public Diklosure accompanying liSAffidavit.

(3) 1, have peisoinalknowledge of the criteria and procedures utilized by' Westi'ghous in designating

iiformation as a trade secret, privileged or as confidential commercial or finaricial infoi'mation.

(4) Pursuant to the provi.sions of, paragraph (b)(4) o Sectioi.2390 of te Commission's regulations,

the following is fumished'for consideration by tlhe!Commi'sipr"i indetermining whether the

in fdrmation ý sought to be withheld from 'p'ublic disclosure should b.withheld-

(i.) •Tle informiai ion sought to be withhdd'frompubii disclbsure is owdfe and has been held

in confidence by Westinghouse..

(ii); The in formation is o ;b I ca l.lomarily he•d in confideneeby Wesihise and not,

ctistomarily disclosed to thep6blic. Westi .whoust hasa rateional s R termIning

thýe'typesdof ihnfonnrmionmcustomarily hbld in e6nfidencc by it and, in thatcoiiqneCti6n,

Utilizes a systemto detern incWhen and whether to hold .ertain types of inf6rmatibn in

confidence. The applicaton. of that systie and the s bstae of tIat system constitutes

Westinghouse policy and provides the rational: basis required.

Under that system,.inforiaioln is held in confidence if it falls in one or more of several
types, th release of which might result in the:.o~sdah. isting or pptential coc)mjetitit-e

a dvantage, as follows:

(a):•- T['he infonr-ntionreeals~the distngiiishingaspectsofa p•ocess (or component,

strucure, :tool, methidde etc.)4where prevention of *ts use by any of
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Westinghouse's competkors Wiithoiut license6rom WeStinghouse constitutes a

competitive caonomic advantage:)e"Ver o her ihp anies.

(b)::, !t cbnsist of •upporiing data,, ifncludinrg est data; relative to aprocess.(or

componentj:ýtrftide; rt6ol, methoc eth .the :appiiation of Which dai secures a

coinapetitivý,Ee~cniomicad•antage, e.g., by optinization or improved,
::marlkbta•l ty.

(c) Cý use by acompctitor woiuld redu c hie expenditure of resources or: mprioe hiis

.. cnpetiui6 [i•iih fin the design, manufacture, Slipment, instIllation• assurance

of quality; o• iicensing a similar pIroduc•.°

(d) It eqvels costor price infirniation, pbdUctioin capacities, budget levels, or

commercial strategies of Westinghouse,.its ctstoniers o suppliers.

(e). fIt rvea 1!s-pts of past, present; ,o futtre f Wesinghouse or custom er finded,

development p-: s and programns o potentrai cdrmercial value to Westilngjlouseý

(0) it.:contains patentable ideas; f•r which patent protecfion may bei desirble..

There are sound policy reasons behiind 'the We-,'tiighoiuse sys'tem which' iniclude the::

(a) The use of such information by Westing lousegives Wstinhouse acompettive

advaintage over, its competitors., Iltis, th brfre, withhelld ftomdisClosure to

protect ti eaWestinghouse comptiptiive p"Gition.

(b)'1 It is information that is marketable in many ways. TIh extent to Which such

information is ýavaiiable to competiitors dimiwitshc ishies singhouse ability to

sell paroducts andt ser- vices iinh(vihgthe use ifnriforfmnatio

(c) Use by ourcorpetitorWould put Westinghouse at a cdmpetitivedisd tavc by

rediicing his expenditre of resources alt our ;xpen.•:
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,(d): Eachcomponent o. proprietay ifr~mation perinn to a paiclrt cm-ttv

advantage is potentially as •a•uable as the tota[lcomiietitive advantagze. If

competitors acquire comIPOientsof pioprietay i nformation, any onicd6n.ponent

may be the tkey to the entir&puzzle, thereby :depriving Westinghouse o4 a

.ompectitive advantage.

(e) Unrestricted distl6surew 0uld jedopardize the position Of prfminenie of

Westinghouse inl the' word marke _and thereby give a market advantage to the

corn~ljtoln f those coyl1r~s

(t) Tile Westinghouse capaciy to invest corporate. ssets in researcif and

development depends upor the success in, obtaining and maintaining~a
competitive. advantage. :.

7iii) iiThe iformati&i i~ beihg t'ansmitted:f tht C Oimrftiss)i6i in confide•ce and, under the-

pro isions of: 10 CFR, Section:2.390. it is to be rmeeived in t'onfidence b-y the

ComformisSion.

(iv) Tfieinformation pught to be protected is not available:in public sources'or available'.

in formation has not been previously employed in the same original Ti ann'er ,or method h 0to

the best of outr knowledge:and ,blief:

-(vf) Teproorietary informatibnwUghjt to be,'Withheld in this submittalis that 'whieh is

appropriatelý, marked in WCAP-1 7094-P, Revision::2,• .Turkey Point Units 3 and 4

New Fiuel Stotage Rack and Spent Fuel PoolC'ritliýtyAnalysis" (Proprie•t) datedy-

July.20160, for Turkey Point Units 3 and 4, being transmitted by Florida Power and LigtI

Company letter;anm Application for Withholding Vroprietary Information from Puiblic

Disclosure,q, o tfi Docum I ent Control Desk. Th pgroprietary information as submitted for
use by :Wetinghous8e for Tui-key Poifit Units 3!anid *4, ekpeeted to bekapplicabi for

other licensee sub iliittals in response to, iertain NRC :requilements for jistificatio" of:

spenit fCuei pool criticality safety analysis.

Tfi ifration is ,paitf. that whfich will enable' Vestinghouse to:ý

(a) Provide inforation .in sppotit knt wfr psntf ool P ritical[t sýafeyanalyAiiS. u
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(b) proVd , uto We pcfccacl~o

(C) PrOvide licensing supp1rt for cust ..m er subm-ittals.

Furthei this information has substantial commerclial value as follows!

+(:a)i Westinghouse. plans to sell ethe seo6fsimilar information to itscustomers'fo..

purposes of meetig NRQ requit~ments.for iiensing dorum~ntation associaed
viti spent ful p~ool ciiicaiity saffety analysis submittais.

the I iiensi ng piocess.

(a,I• • The :information requested to be,,'i~thhe d-reveals the~distihguiSh jag aspecs of-:a

methodology which wal developed by Westinghousee

Public disclosure of this proprietary infornation is likely to cause substantialharm to•th6
competitiVe position of Westinghouse because it would enlah the ability ofý

-competitors to prOvide similar information and liceising defense services for commercial

power Ireactors withoutý commensurate xpenses. Also, public disclosure oAIthe',

information*would enable others touse the information; ' meet NRC requirements.for,

licenseing documentation Without purchasing the rightto use the information.

ThedevelopmentOf t:he technology described i pait b3 the inforniatinis ie i~ult'f

applying the results of many yeairs of exprience in ain intensive Westinghiouse effdrt and

,the ýexpenditufe of a considerablcsum of money.

in 0oder for~compei tors of, vestingho6ise to duplicatt isijsnfonjmation, siiiilar tecliuical

programs would have to be perfiomed and a signifieant manpower effort having the

reqUisitetalentit: •nd eperi~n•• , •would havNe to be d-k• ePd4 :

Further the deponent Ia-eth i 6t.



P"ROP •-TARY INFORMATION NOTICE

'Transmitted herewith are proprietary and Iornolproprietary versions ofd.cuuments furnLshed Ito the NRCKQ
*ini connoection with re ,Ii ss ThiG ý ~rc~do ~rt~ ii eiw andpp ýval.

in o derm to onf to: ie .re quire of :~o0C!l2 .39 0 .of the Co0 !MSnisin, s regiioatios conc(,niWg4hle
protection of proprietary infiormiation s-o subhi-itted to thl NRC•, the: information which is proprietary in the
pr0prietary versionis is oi btamned :withain bracketS,ad waid We~e.the "p~roprit~ta'y' infon natkon has been deleted.

in tihe n1on-propri)taer versions, only the hracket iier'rain (tlhe in•flf'rmation that was co0ntained within the,
'brackets in it oprie'ary versions having en deTet). uhejuisiflcation forelaiming the information

:so designat d as proprietary is indicated in both versions by meansof lowercase letters(a) through (•)
located as a'sulplescript immediately. oIt:wing the brck-ets n•cosng each item' ofinformation b6i1g

identified as tikrietai or iiithemargin 'pposite such informliation. These lower case letiers refert•t the
types oifinformation esting {o tse cistomarly holds-in confidence.:dentified 4n Se tion (4)(ii)(a).
thro6ugh (4)(ii)(f Ulof'te affidavit.accompanying this trarnsmittai fiursuint toA 10CFR 2.390(b)( 1).

COPYRIGHT NOTICE

The reports trrasmitted herewith eaach bar aUWesringhouse copyright iotice.•ThýeNRC is permitted Ato
make the numbeSr of copies Of Ow• information con.et in these srj)rts whicih .renecess for, its;
internal use in connection with generic and plant-specific reviews and approvals as well as the issuarice,
denial; amendment, ransfercrenewal modifeaidn, suspension, rebcatidn; or violation of a license..
perm~it, orderor regulation, subject to *thle rcquirMen1i;s of 101 CFR 21390 regarding restrictions on publicý
diwclo.ur.jothe extent such information has3 been idetified as proprie•try by Westirighouse, eopyright:
protection notithstanding.. With respec to the aion-pioprietary rsibns ofthese reports, the NRC'iS
pemitited tio make the number of copieý beyoqnd those necessary :forits internal usse vwhichi are necessary in
order to havýe oiie copy availitbie for piblieiviewing in-the appropriate docket lies in the public d6cumrent
roomw ii wahinrgtoil DCand in local public document ro m"as I nay be re1quired by NRC regulations if.
the number oftcopies submitted is insu ficient for thispurpose. Copies imrade by the NRC must include
thecolpyrigt I notice in all insri snes ad the proprietary notice if heloriginal xyas identifed as proprietary.



Florida Power and Light C6i-p any'

Letter rfoi Transmýrittal to-the NRCI

The following paragaphs shoutd be includedodi'your letter to the NRC::

Enclosed are':

1. 4 copies•of W:CAP-!l7094rP, Revision 2, "Iurkey Poin4t.Units'and 4 'tn Fuel Storage Rat..: an4

Spntiel Pool Critical]ty Analyss Porvay

2. 2 copies 6f WCAP1 704'NP, Revision 2, Turkey PointUnis 3 and 4 New Fuel Siorage Rack and

Spent Fuel Pool Griticality Aalyss (Proprietary)

Also enclosed is the Wiestinghouse Applicatiion for Withholding Proprietary-Information fr6m Public
Disclssue cAW-f€2895¢ accompaniying Aftida•it, 'roprietaiy Information Notii, and a.Copyright

Notice:.

As Iteni 1 contains' informaifion proprietary to Westinghouse Electric Compaiiy LLC, it is supported by anf
affidavit signed by Westioghouse, the owner of the information, The affidavit sets forth the baSis on

'whici the itinforiation may be withheld fronm' public diosure bythe C6mmissionand addresses xwIth

specificity thee considerations listed ini paragraph (b)(4i)os'fction' 2.390 of the" Cominission's regulations.

According•y;it is r.espectfidlly requested that the infot.nation wlhich ir prpri'itaiy to Westinghouse be
wifhheld `roi'i pliblic disclosure in accordance with 10 cFR Section 2,390 oftheeCbmmilssion'
regUlatirns.

COrrespondence with r'espect to thie copyiýght, or proprietary aspects of the items listed above or the
supporting West~inghouse affidayvivshouldk referenceý CW. ~0-28S)n~ shu d b dressed to,
J. A. Gresham, Manager, Regulatory Compliance and Plant Licensing, wesinglouseElectrio
COmipiinLC, P.O. Box 355, Pitisburgh, Pennsylvania 155230-0355,.


