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1. INTRODUCTION AND SUMMARY

This report documents the safety evaluation to address the potential degradation of neutron
absorbers in the Region 1 and Region 2 spent fuel storage racks at the Seabrook Unit 1 nuclear
power plant operated by NextEra Energy Seabrook, LLC [21].

e Region 1: These racks were originally designed with BORAL™ panels as the neutron
absorber material in a flux-trap rack configuration. Ongoing coupon surveillance has
revealed evidence of blistering and thinning/spalling of the aluminum clad on the
BORAL™ panels. To account for these conditions, criticality calculations use a reduced B-
10 areal density in the BORAL™, and assume a voided space on one side of each panel.

e Region 2: These racks were originally designed with BORAFLEX™ as the neutron
absorber material in a flux-trap rack configuration. Due to the BORAFLEX™ degradation,
future credit for BORAFLEX™ in these racks is not feasible. The criticality safety
evaluations of the Region 2 racks are therefore performed without credit for
BORAFLEX™.

In addition to the results of the criticality calculations, a qualitative evaluation of the thermal
hydraulic impact of the neutron absorber degradation [22] is documented.

Under the degraded neutron absorber conditions, the evaluations qualify the following fuel loading
configurations, with details documented in Section 4 of this report.

e Region 1: Storage of fresh and spent fuel assemblies in a checkerboard configuration of
fresh fuel assemblies with a maximum nominal enrichment of 5.0 wt% U and spent fuel
assemblies with a minimum specified burnup as a function of the initial enrichment.

s Region 2:

o Storage of spent fuel assemblies with specific burnup requirements as a function of
initial enrichment between 1.5 wt% and 5.0 wt% ***U, decay time, and presence of
up to 2 RCCAs in the assemblies in an 2x2 cell array.

o Storage of spent fuel assemblies in the Rows 1 and 2 on the periphery of Racks 3, 4
and 5 adjacent to the west side of pool wall (See Figure 4.5.7), which require unusual
plant actions to reach the fuel and allow crediting higher periphery leakages for these
locations.

The review of the thermal-hydraulic analyses of record and evaluation of the potential impact of
changes in the physical condition of the BORAL™ (or BORAFLEX™) demonstrates that there are
no potential adverse thermal-hydraulic impacts of degradation of these neutron absorbing materials.

Additionally, this report documents the fuel storage rack criticality calculations performed for the
Seabrook Unit 1 New Fuel Vault (NFV) [23]. The calculations qualify the NFV to store up to 90
fresh Westinghouse 17x17 assemblies with enrichment up to a maximum of 5.0 wt% >*°U.

Project No. 2064 Report No. HI-2114996 Page 5
Shaded Areas Denote Holtec International Proprietary Information



2. EFFECTS OF NEUTRON ABSORBER DEGRADATION ON SPENT FUEL POOL
THERMAL-HYDRAULICS

2.1 INTRODUCTION

This Section provides an evaluation that qualitatively assesses the impact of the anticipated
BORAL™ blistering phenomena on each of the pertinent considerations addressed in the Plant’s
thermal-hydraulic analysis of record. Specifically, the following areas of concern are addressed:

1. The effect of the displacement of water due to BORAL™ degradation on the bulk
temperature of the spent fuel pool.

2. The effect of BORAL™ degradation in reducing flow in a spent fuel cell, to ensure that local
thermal-hydraulic requirements are satisfied.

3. The effect of the presence or absence of the volumetric displacement of water due to
BORAFLEX™ (used in the Region 2 spent fuel racks).

4. Expected thermal-hydraulic performance issues related to BORAL™ degradation in
conjunction with items possibly in fuel assemblies, such as RCCAs.

ct

2.2 EFFECT OF BORAL™ DEGRADATION ON BULK TEMPERATURES

2.2.1 Steady State Conditions

The steady state condition is the condition where the decay heat generation rate is equal to the heat
rejection rate. The decay heat generation rate is the result of the ongoing radioactive decay of the
isotopes in the spent fuel. As such it cannot be affected by the condition of the BORAL™. The heat
rejection rate is a function of the design of the spent fuel pool cooling system and the temperature of
the cooling water supplied to it, neither of which can be affected by the condition of the BORAL™,
As these two terms are both unaffected by the condition of the BORAL™, it is apparent that the
licensing-basis spent fuel pool bulk temperature cannot be affected by any BORAL™ degradation.

2.2.2 Time-to-Boil

The dimensions of the BORAL™ panels are 1417 x 7.5” x 0.075”, and the number of BORAL™-
equipped rack cells is 576. The maximum BORAL™ blister thickness is 45-mils (0.045”).
Conservatively assuming that there are four BORAL™ panels affixed to each cell, the theoretical
maximum possible increase in the racks displaced volume is 475 gallons. This additional volume
displaced by the blistered BORAL™ would reduce the pool water volume. This corresponds to a
0.09% reduction in pool water volume. The pool water thermal capacity is proportional to the water
volume, so the thermal capacity is also reduced by 0.09%. The rate of change of the bulk
temperature is inversely proportional to the thermal capacity, so the rate of change would increase
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by 0.09% and the time-to-boil would decrease by 0.09%. It is apparent that the licensing-basis spent
fuel pool time-to-boil analyses would only be negligibly affected by the theoretical maximum
worst-case BORAL™ degradation.

2.3 EFFECT OF BORAL™ DEGRADATION ON LOCAL TEMPERATURES

BORALT™ panels are mounted on the outsides of the boxes that form the rack storage cells,
meaning the panels are in the inter-cell water gaps. As the panels are outside of the storage cells,
blistering and spalling of the BORAL™ surface could not reduce the flow area through the storage
cells and the equivalent hydraulic diameter used in the local temperature analysis model could not
be affected. Based on this observation, the licensing-basis spent fuel pool local temperature analysis
is not affected by BORAL™ degradation.

2.4 EFFECT OF THE PRESENCE OR ABSENSE OF BORAFLEX™

If the BORAFLEX™ were absent, the volume of water in the spent fuel pool would increase. As
described in Section 2.2.1 of this report, the normal condition bulk temperatures are steady-state
values and cannot be affected by the volume of water. Also, as described in Section 2.2.2, the time-
to-boil analyses would only be adversely affected if the volume of water in the pool were reduced.
Thus, the absence of the BORAFLEX™ will not adversely affect the licensing-basis thermal-
hydraulic analysis. .

2.5 EFFECT OF BORAL™ DEGRADATION COMBINED WITH ITEMS IN FUEL
ASSEMBLIES

Degradation of the BORAL™ could potentially release small amounts of the constituent materials
of BORAL™, namely aluminum and boron carbide, into the spent fuel pool water. Boron carbide is
an extremely inert material that will not react with any other material, and therefore poses no
potential for adverse interactions with any items in the fuel assemblies. In the presence of water,
aluminum rapidly passivates to form aluminum oxide, which is also extremely non-reactive and also
poses no potential for adverse interactions with any items in the fuel assemblies.

BORAL™ is manufactured from small particles of boron carbide and aluminum, formed into flat
sheets under high temperature and pressure. Any loss of materials from the BORAL™ panels would
therefore be expected to result in very small particles that are much smaller than the flow passages
in the fuel assemblies. Any small particles would be safely collected by the spent fuel pool cleanup
system.

2.6 CONCLUSIONS

A review of the thermal-hydraulic analyses of record and evaluation of the potential impact of
changes in the physical condition of the BORAL™ (or BORAFLEXT™™) has demonstrated that there
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are no potential adverse thermal-hydraulic impacts of degradation of these neutron absorbing
materials.
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3. CRITICALITY EVALUATION OF NEW FUEL VAULT

3.1 INTRODUCTION

This Section documents the fuel storage rack criticality calculations performed for NextEra Energy
for the Seabrook Unit 1 New Fuel Vault (NFV). The purpose of Section 3 of this report is to qualify
the capability of the Seabrook Unit 1 NFV to store up to 90 fresh Westinghouse 17x17 assemblies
with enrichment up to a maximum of 5.0 wt% *°U.

The objective of the calculations is to demonstrate that the effective neutron multiplication factor
(ketr) in the NFV is less than or equal to 0.95 for the fully flooded condition with un-borated water
and less than or equal to 0.98 for optimum moderation conditions, with the storage racks fully
loaded with fuel of the highest anticipated reactivity. The maximum calculated reactivity includes a
margin for uncertainty in reactivity calculations including manufacturing tolerances and is shown to
be less than the regulatory limit with a 95% probability at a 95% confidence level.

3.2 METHODOLOGY

3.2.1 General Approach
The analysis is performed in a manner such that the results are below, the regulatory limit with a 95% -
probability at a 95% confidence level. The calculations are performed using the statistical analysis
approach with respect to the various calculation parameters The: approach considered for each
parameter is discussed below.

3.2.2 Computer Codes and Cross Section Libraries

The principal method for the criticality analysis of the NFV is the use of the three-dimensional Monte
Carlo code MCNP5-1.51 [2]. MCNPS is a continuous energy three-dimensional Monte Carlo code
developed at the Los Alamos National Laboratory. MCNP5 was selected because it has been used
previously and verified for criticality analyses and has all of the necessary features for this analysis.
In this analysis MCNP5 calculations used continuous energy cross-section data predominantly
based on ENDF/B-V.

The convergence of a Monte Carlo criticality problem is sensitive to the following parameters: (1)
number of histories per cycle, (2) the number of cycles skipped before averaging, (3) the total
number of cycles and (4) the initial source distribution. The MCNPS5 criticality output contains a
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great deal of useful information that may be used to determine the acceptability of the problem
convergence. ThlS mformatlon has been used in parametric studies to develop approprlate values

B “and the initial
source was usually specified as uniform over the fueled regions (assemblles) Further, the output
was reviewed to ensure that each calculation achieved acceptable convergence. These parameters
represent an acceptable compromise between calculation precision and computational time.

3.2.3 Analysis Methods

3.2.3.1 Design Basis Fuel Assembly

Three types of 17x17 fuel assemblies (Standard design, Vantage 5 and RFA) have been used for
Seabrook station. However, Standard design assemblies were only used during initial cycles of
operation (Cycles 1-4), Vantage 5 assemblies were only used for Cycles 5-8 and further operation of
these assembly types is not supposed. Therefore only RFA assemblies which are employed most
recently are considered in this analysis. This way, the single set of parameters of RFA assemblies is
used in all design basis calculations for NFV analysis.

3.2.3.2 Reactivity Effect of Water Temperature and Density .. . ..,

The Seabrook NFV is intended to be dry during all normal operation- condition.; However the worst -
case accident, when the NFV is flooded with water is considered. The main effect of changes in the
NFV water temperature is the impact of the difference in water density. Additionally there may be
temperature-dependent cross section effects that need to be considered. To ensure that the
appropriate temperature is used for each case, calculations at the lower end of the temperature range
- 80.33 °F (300K) and at the higher end of the temperature range — 212 °F (373K) are performed.
Note that one of the temperature adjustments, S (alpha, beta), is only available at fixed temperatures
of 300K and 400K in MCNPS. Calculations are therefore performed at both temperatures for 5.0
wit% U enrichment cases, and the temperature identified to result in higher reactivity is
determined. The calculations are all performed with unborated water. :

3.2.3.3 Fuel and Rack Uncertainties

In the calculation of the final ke for Seabrook NFV, the effect of manufacturing tolerances on
reactivity must be included. MCNP5 was used to perform these calculations. As allowed in [3], the
sensitivity study approaches is employed to calculate the tolerance effects. The evaluations include
tolerances of the fuel dimensions and tolerances of the racks dimensions. The reference condition is
the condition with nominal dimensions and properties. To determine the Ak associated with a
specific manufacturing tolerance, the reactivity calculated for the reference condition is compared to
the reactivity from a calculation with the tolerance included. The uncertainty associated with each
individual calculation is statistically combined and added to the k. calculation according to the
following equation [6]:

Akcalc = (kcalcz - kcalcl) +2* \/ (022 + 612)
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All of the Ak values from the various tolerances are statistically combined (square root of the sum of
the squares) to determine the final reactivity allowance for manufacturing tolerances. In some cases
it is not obvious whether an increase or decrease of the parameter will lead to an increase in
reactivity. In these cases, the reactivity effect of both increase and decrease of the parameter are
calculated, and the maximum value of reactivity effect is used when calculating the statistical
combination. The fuel and rack tolerances included in this analysis for the NFV are described
below:

Fuel Tolerances

Increased Fuel Density:
Fuel Rod Cladding Outside Dlameter .
Fuel Rod Pitch:
Fuel Rod Cladding Inside Diameter:
Fuel Pellet Outside Diameter:
Guide Tube Outside Dlameter
Guide Tube Inside Diameter: ...
Increased Fuel Enrichment: +0.05 wt‘V 235U

Rack Tolerances
o Cell Inside Diameter:
: o Box Wall Thickness:

. ‘T.‘he maximum enrichment value in the Seabrook Unit 1 Technical Speéiﬁcations' 1s 50 wt% 35y,
Therefore, NextEra Energy designs (and the fuel vendor provides) a maximum enrichment in the
fresh fuel that will guarantee that no fuel assembly could exceed the Technical Specification limit

with all uncertainties applied. Therefore, the highest possible enrichment of 5.0 wt% U is used in
all calculations.

3.2.3.4 Eccentric Fuel Positioning
The eccentric fuel positioning case should be included in the tolerance calculations. The MCNP35
model consists of the following eccentric fuel positioning case in NFV analyses:
» All the fuel positioned at the closest approach with the storage cell to the center point of the
whole NFV model.
e All the fuel positioned within the storage cell away from the center point of the whole NFV
model.
e In each 2x2 array, all the fuel positioned at the closest approach with the storage cell to the
center point of the 2x2 array.
e In each 2x2 array, all the fuel positioned within the storage cell away from the center point
of the 2x2 array.
The maximum positive reactivity effect among these cases is used when calculating the statistical
combination of the tolerance.
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" '*3237 Other Accident Conditions ' Y I :
' The con51derat10n of two accident conditions: fully flooded and optimum moderatlon havejf:been_ -

3.2.3.5 Rack Deformation :
Rack deformation is not considered in this calculation due to that it is not considered a credible
accident scenario. See Section 3.6.5.

3.2.3.6 Calculation of Maximum Keg

The calculated ke are determined for fully flooded and optimum moderation conditions. The
maximum kgt for each case is therefore determined from the MCNPS5 calculated ke, the calculation
bias, and the applicable uncertainties and tolerances (bias uncertainty, calculation uncertainty, fuel and
rack tolerances, and eccentric fuel positioning) using the following formula:

Max kegr = Calculated kegr + biases + [Y; (Uncertainty)*]

In the geometric models used for the calculations, each fuel rod and its cladding were described
explicitly.

The regulatory limit for NFV analysis is that at the optimum moderation condition, a maximum Kefr
should be less than 0.98 at the 95/95 level; while at the full flooded condition with un-borated water,
a maximum kefrshould be less than 0.95 at the 95/95 level. The target ke used in this analysis retain
a 0.01 delta-k margin to the regulatory limit. ’

1ncluded in the analysis of the NFV. The double contingency principal of ANS-8.1/N16.1-1975 [4]
spec1ﬁes that it shall require at least two unlikely, independent and concurrent events to produce a
criticality accident. This principle precludes the necessity of considering the simultaneous
occurrence of multiple accident conditions. No additional calculations are required for accident
conditions.

3.2.3.8 Effect of the IFBA Rods

Obviously the presence of the IFBA rods in the fresh fuel assemblies reduces the reactivity due to
the integrated neutron absorber. However, this absorber may change the behavior of the fuel
assemblies in the low temperature area. To ensure that the fresh fuel assembly without IFBA rods is
bounding the criticality calculations are performed and discussed in Section 3.6.7.

3.2.3.9 Effect of the NFV Concrete Wall Thickness

In the criticality analysis the wall thickness of 40 inches is assumed. The additional calculations are
performed with a concrete thickness of 12 inches. See Section 3.6.8.

3.2.3.10 Effect of the Non-Fuel Hardware
The non-fuel hardware such as Thimble Plugs (TP), Rod Cluster Control Assemblies (RCCAs) and
non-activated sources are acceptable to storage with the fuel assemblies. Non-fuel hardware is
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inserted in the guide tubes of the assemblies. For pure water, the reactivity of any fuel assembly
with inserts is bounded by (i.e. lower than) the reactivity of the same assembly without the insert.
This is due to the fact that the insert reduces the amount of moderator in the assembly, while the
amount of fissile material remains unchanged.

Therefore, from a criticality safety perspective, the presence of inserts does not impact the analysis.

3.3 ACCEPTANCE CRITERIA

The PWR storage racks for Seabrook Unit 1 NFV are designed in accordance with the applicable
codes and standards listed below. The objective of this analysis is to show that the effective neutron
multiplication factor, K., is less than or equal to the target keg of 0.97 for the NFV at optimum
moderation conditions (low density water) and less than or equal to the target ke of 0.94 with the
NFV vault flooded with pure water with a density of 1.0 g/cm’, when the NFV is fully loaded with
fuel of the highest anticipated reactivity. The maximum calculated reactivity includes a margin for

uncertainty in reactivity calculations including manufacturing tolerances and is shown to be less

than the limit with a 95% probability at a 95% confidence level [1].
Applicable codes, standard, and regulations or pertinent sections thereof, include the following:

: - Code of Federal Regulations, Title 10, Part 50, Appendlx A, General Design Criterion 62
S “Preventlon of Criticality in Fuel Storage and Handling.” :

1

e USNRC Standard Review Plan, NUREG-0800, Section 9.1.1, Criticality Safety of Fresh and

AT Spent Fuel Storage and Handling, Rev. 3 — March 2007.

e L. Kopp, “Guidance on the Regulatory Requirements for Criticality Analysis of Fuel Storage

at Light-Water Reactor Power Plants,” NRC Memorandum from L. Kopp to T. Collins,
August 19, 1998.

e USNRC Regulatory Guide 1.13, Spent Fuel Storage Facility Design Basis, Rev. 2, March
2007.

e ANSI ANS-8.17-2004, Criticality Safety Criteria for the Handling, Storage and
Transportation of LWR Fuel outside Reactors.

e Code of Federal Regulations, Title 10, Part 50, Section 68, “Criticality Accident
Requirements”

e ANSI/ANS-8.1-1998 (R2007), “Nuclear Criticality Safety in Operations with Fissionable
Materials outside Reactors.”
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3.4 ASSUMPTIONS

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

1) A fuel pellet stack density assumed to be equal to the pellet density, and is conservatively
modeled as a solid right cylinder over the entire active length, neglectmg dishing and

chamfering;

2) Neutron absorption in minor structural members is neglected, i.e., spacer grids and mixing vanes
are replaced by water.

3) The concrete wall thickness of 40 inches is assumed;

4) The maximum planar average enrichment is assumed to be 5.0 wt% 2°U;

3.5 INPUT DATA

3.5.1 Fuel Assembly Specnﬁcatlon . !

The NFV is designed to accommodate the RFA 17x17 Westmghouse fuel assembly. The de51gn _

specification for RFA fuel assembly is presented in Table 3.5:1.

{

3.5.2 Burnable Absorbers Specification

There is the potential for burnable absorbers to be located in the assembly. The Seabrook Unit 1
fuel makes use of burnable poison rod assemblies (BPRAs) of B,O; and integrated fuel burnable
absorber (IFBA) rods with a thin coating of ZrB, on the UO; pellet. The BPRAs were only utilized
in Cycle 1 and then replaced with IFBA rods for the remaining cycles, therefore only IFBA rods are

considered in the calculations of this section. The design specifications for the IFBA rods are given

in Table 3.5.1.

3.5.3 New Fuel Vault and Storage Rack Specification

The NFV and storage cell characteristics that were used in the criticality analysis are summarized in
Table 3.5.2.

The NFV MCNP5 model is a finite model that consists of a storage array of five cells (East-West)
by eighteen cells (South-North) with the dimensions given in Table 3.5.2. The model includes the
gaps between the storage racks and the walls. The concrete walls have some variation in the
thickness (three walls at 12 inches and one at a maximum of 72 inches). In the model, the concrete
wall is assumed to be 40 inches thick. Above the fuel is a 12 inch reflector with the water density of
1.0 g/cm’ and the same temperature as within the fuel region and below the fuel is the concrete floor
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with thickness of 40 inches. The model containing the 17 x 17 fuel assembly, as drawn by the two-
dimensional plotter, is shown in Figures 3.5.1 and 3.5.2. The calculations are described in Section
3.6.

3.6 ANALYSIS

This section describes the calculations that were used to determine that the storage racks meet the
acceptance criteria as discussed in Section 3.3.

Unless otherwise stated, all calculations assumed nominal characteristics for the fuel and the fuel
storage cell dimensions. The effect of the fuel tolerances is accounted for with a reactivity
adjustment as discussed below.

3.6.1 Design Basis Fuel Assembly

The RFA 17 x 17 PWR fuel assembly used in the analysis is described in Table 3.5.1. It was
evaluated at 5.0 wt% ***U enrichment and conservatively modeled without spacer grids or other

non-fuel hardware.

3.6.2 Temperature and Water Density Effects

Wateér temperature ‘effects on reactivity in the NFV have been evaluated for the fuel with 5 0: wt%i o
el 0 enrlchment at'80.33 °F (300K) and 212 °F (373K). The results presented in Table 3:6.1-show;
that the water temperature coefficient of reactivity is positive, i.e. the higher temperature of 212 °F

results in a higher reactivity. Based on the results, it was also determined that the 100% moderator-,}@{, L
condition, i.e. 1.0 g/cm3 , represent the maximum reactivity condition and 6% moderator condition,-

e., 0.06 g/cm’, represent optimum hypothetical low density moderation (i.e., fog or foam).
Therefore, all the following cases are performed with 100% and 6% moderator density at
temperature of 212 °F.

3.6.3 Uncertainties Due to Fuel and Rack Tolerances

In the calculation of the final ke, the effect of manufacturing tolerances on reactivity is included as
discussed in Section 3.2.3.3. The evaluations include tolerances of the fuel and rack dimensions.
These tolerances are provided in Table 3.5.1. The reference condition is the condition with nominal
dimensions and properties. To determine the Ak associated with a specific manufacturing tolerance,
the kefr calculated for the reference condition is compared to the ke from a calculation with the
tolerance included. The results are presented in Table 3.6.2.

3.6.4 Eccentric Fuel Positioning

Four different eccentric fuel positioning models discussed in Section 3.2.3.4 are analyzed by the
MCNPS5 code. The reactivity effect of eccentric fuel positioning is included in the tolerance
calculations as shown in Table 3.6.2.
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3.6.5 Rack Deformation

Rack deformation is not considered in this calculation due to that it is not considered a credible
accident scenario. The ke value is below 0.65 (see Table 3.6.1) for dry conditions, therefore rack
deformation could not cause the reactivity of the system to exceed the regulatory limit. Note that
considering rack deformation under moderated conditions would fall under the double contingency
principle, as two accident scenarios would have to take place (moderator filling the NFV and rack
deformation occurring).

3.6.6 Calculation of Maximum Kegr

The maximum ke values, based on the formula in Section 3.2.3.6, were calculated for the fuel
assembly described in Table 3.5.1 with enrichment of 5.0 wt% 2*°U. The results presented in Table
3.6.3 show the maximum ke values for different moderation conditions and confirm that ke values
are well below the target ke of 0.97 at optimum moderation and the target ke of 0.94 when fully
flooded with un-borated water at a 95% probability and at a 95% confidence level.

3.6.7 Effect of the IFBA Rods

The criticality calculations to confirm that the presence of the IFBA rods in the fresh fuel assemblies
reduces the reactivity are performed The results presented in Table 3.6.4 show that the reference
case without IFBA rods has a maximum ke value. The minimum difference between the no IFBA
case and 16 IFBA rods case is about 0.011, which is sufficient margin to cover any tolerances in the

NN

IFBA rod. Therefore all fuel assemblies w1th IFBA rods are bounded by the reference case without *" ' :

IFBA and are acceptable for storage in the Seabrook NFV Note also that for the reactivity & "

calculation a longer IFBA length (current cycle) is bounded by the shorter length.

3.6.8 Effect of the NFV Concrete Wall Thickness

As discussed in Section 3.2.3.9, the additional calculations with a concrete thickness of 12 inches
are performed. The results presented in Table 3.6.5 show the reactivity effect of the NFV concrete
wall thickness is statistically insignificant. Therefore, assumed reference NFV concrete thickness of
40 inches is acceptable.

3.7 CONCLUSIONS

Section 3 of this report documents the criticality analysis for the storage of 17 x 17 PWR fresh fuel
assemblies with an initial planar average enrichment of up to 5.0 wt% 23U in the NFV at the
Seabrook Unit 1 Nuclear Power Plant. Calculations were made with the continuous energy MCNP5-
1.51 code package, a three-dimensional Monte Carlo analytical technique, with fresh fuel
assemblies enriched to 5.0 wt% *°U without IFBA rods. These calculations were made for various
moderator densities, and the results shown in Figure 3.6.1 indicate that the peak reactivity (full
moderation) occurs at 100% moderator density and the optimum hypothetical low density
moderation (i.e., fog or foam) occurs at 6% moderator density. The effective neutron multiplication
factor (kesr) for the NFV is less than 0.97 for the optimum moderation condition and less than 0.94
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for the fully flooded with un-borated water condition. The maximum calculated reactivity includes a
margin for uncertainty in reactivity calculations with a 95% probability at a 95% confidence level.
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Table 3.5.1
PWR Fuel Assembly Specifications

Fuel Assembly Type | 17x17 RFA
Fuel Rod Data

Fuel Pellet Outside Diameter, in. 0.3225

Cladding Inside Diameter, in. 0.3290

Cladding Outside Diameter, in. 03740
Cladding Material ZIRLO
Maximum Pellet Density, g/cc 10.505 7
Maximum Enrichment, wt% ~°U 5.0
ZrB, Coating Loading (mg "’B/inch) 2.355
ZrB, Coating Thickness', in. 0.000657
ZrB; Coating Length, in. 1207
' Fuel Assembly Data
Fuel Rod Array 17x17
Number of Fuel Rods 264
Fuel Rod Pitch, in. : 0.496
[ Fuel Assembly Width, in. . 8.426
Fuel Assembly Length, in. 159.975
Active Fuel Length, in. . -~ - . ' C 144 S
Bottom of Active Fuel Length to'Bottom of Assembly, in. 3.278 K
Guide/Instrument Tube Data 3
Number of Guide Thimbles. - .24 ] N
Number of Instrument Tubes 1 - ~
| Guide Thimble Upper Region Inside Diameter, in. 0.442
| Guide Thimble Upper Region Outside Diameter, in. 0.482
| Guide Thimble Dashpot Region Inside Diameter, in. 0.3970
Guide Thimble Dashpot Region Outside Diameter, in. 0.4390
Instrument Tube Inside Diameter, in. , 0.442
Instrument Tube Outside Diameter, in. 0.482

Guide/Instrument Tube Material : ZIRL.O

' The coating thickness was not available. The values brovided are calculated.
* For Cycle 15, the coating length has been increased from 120 to 122 inches.
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Table 3.5.2
New Fuel Vault Storage Racks Specification

Parameter

Value

Storage Cells Array

5 (East-West) x 18 (South-North)

Storage Cell Inside Dimension, in.

Storage Cell Wall Thickness, in.

Storage Cell Pitch?®, in.

21 or 33

Storage Cell Material

SS304

Cell Array Width, in.

125.1875 (East-West) x 373 (South-North)

Cell Array to Wall Distance North Face, in. 4
Cell Array to Wall Distance South Face, in. 4
"Cell Array to Wall Distance East l_?a'ce, i__n,._,% C ‘ 3.375
Cell Array to Wall Distance Weét Face_, mq . - 3.4375
Concrete Wall Thibkness, in. - | ‘ ) 12-72

3

The cell pitch is 21 inches center to center between the cells in the (South-North) 18-cell array direction. The cell

pitch for the (East-West) 5-cell array direction is 33inches center to center between the 2™ and 3™ and between the
3" and 4™ cell, and 21inches center to center between the 1% and 2™ and between the 4" and 5% cell.
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Table 3.6.1

Summary of the MCNP5 NFV Calculations for Different

Water Density and Temperature - 5.0 wt% >°U

80.33 °F
%o (Reference) 212°F
Ml());ls::lt;or Calculated | Calculated Delta keye
kcalc kcalc
0 0.6263 0.6469 0.0206
3 0.8410 0.8607 0.0197
4 0.8809 0.9027 0.0218
5 0.8981 0.9254 0.0273
6 0.9022 0.9330 0.0308
7 0.8950 0.9295 0.0345
8 0.8809 0.9193 0.0384
9 0.8603 0.9034 0.0431
10 0.8396 0.8850 0.0454
15 0.7393 0.7890 0.0497
20 ‘ 0.6704 0.7170 0.0466
30 06081 [ 0.6491 0:0410
60 |+ 0.7094 P.0.7309 0.0215
90 - 0.8603 | ©0.8736 0.0133
95 0.8828 . 10.8949 0.0121
100 0.9043 - 0.9151 0.0108
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‘ Table 3.6.2
Results of the NFV Tolerance Calculations - 5.0 wt% 2°U

Calculation 6 % Moderator Density 100% ‘Moderator Density
Description kcalc o Delta l"calc Y Delta kcalc
. : kcalc
Reference keff 0.9330 | 0.0005 n/a 0.9151 | 0.0005 n/a
Pellet Density max 0.9342 | 0.0005 0.0026 | 0.9155]0.0005| 0.0018
Clad OD max 0.9330 | 0.0005 0.0014 | 0.9136 | 0.0005 | -0.0029
Clad OD min 0.9342 | 0.0005 | 0.0026 |0.9164|0.0006 | 0.0029
Pin Pitch max 0.9334 | 0.0005 | 0.0018 | 0.9158 ] 0.0006 | 0.0023
Pin Pitch min 0.9326 | 0.0005 | -0.0018 | 0.9145] 0.0005{ -0.0020
Clad ID max 0.9328 | 0.0005 | -0.0016 |0.9152]0.0006 | 0.0017
Clad ID min 0.9337 | 0.0005 | 0.0021 |0.9153]0.0006 | 0.0018
Pellet OD max 0.9341 | 0.0005 | 0.0025 ]0.9153]0.0005| 0.0016
Pellet OD min 0.9326 | 0.0004 | -0.0017 |0.9149 | 0.0006 [ -0.0018
GT OD max | 0.9323 | 0.0005 | -0.0021 |0.9149 | 0.0006 | -0.0018
GT OD min 0.9329 | 0.0005 | -0.0015 | 0.9162|0.0005| 0.0025
GT ID max : 0.9340 | -0:0005 [-.--0.0024 - | 0.9152 | 0.0005 | 0.0015" -
GT ID min 0.9324 | 0.0005 |:+:0.0020: | 0.9154 | 0.0005 | 0.0017 ;
| Eccentric Position #1 0.9359 | 0.0005 |*:0.0043 | 0.9187 | 0.0006 | 0.0052 :
Eccentric Position #2 | 0.9307 | 0.0004 |"-0.0036 | 0.9182 | 0.0006 | 0.0047
Eccentric Position #3 0.9322 | 0.0005 |:--0.0022 | 0.9188 | 0.0005 | 0.0051
Eccentric Position #4 0.9352 | 0.0005 | 0.0036 | 0.9181|0.0006 | 0.0046
Cell ID max 0.9324 | 0.0005 | -0.0020 | 0.9155]0.0006 | 0.0020
Cell ID min 0.9333 | 0.0005 | 0.0017 |0.9148]0.0006 | -0.0019
Wall Thk max 0.9215 | 0.0005 | -0.0129 | 0.9126 | 0.0005 [ -0.0039
{ Wall Thk min 0.9446 | 0.0005 | 0.0130 | 0.9180] 0.0006 | 0.0045
| Square Root Sum of the Squares 0.0151 0.0091
2 Sigma (max of all cases) 0.0010 0.0012

Note: The maximum positive value of the tolerance effect for each case was used.

Project No. 2064

Report No. HI-2114996

Shaded Areas Denote Holtec International Proprietary Information

Page 21




Table 3.6.3

Results of the NFV MCNPS5 Calculations

Parameter Value
Enrichment, wt% 5.0% 5.0%
Moderator Density 6.0% 100.0%
Uncertainties:

MCNPS5 Code Bias Uncertainty

0.0085 0.0085

MCNPS5 Calculation Statistics (95%/95%, 20)

0.0010 0.0012

Calculated Tolerances

0.0151 0.0091

Statistical Combination of Uncertainties

0.0173 0.0125

Calculated MCNP5 ket

0.9330 0.9151

MCNPS5 Code Bias

0.0043 0.0043

Maximum Kegr

0.9546 0.9319

Target Kegr 0.9700 0.9400
Regulatory Limit | .. | 0.9800 | 0.9500
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Table 3.6.4
Results of the IFBA Calculations

6.0 % 100%
Calculation Moderator Moderator
Description Density Density
: Keale [ [ kcalc I [
212 °F '

Reference (No IFBA) [ 0.9330 | 0.0005 | 0.9151 | 0.0005

16 IFBAs 0.9215 | 0.0005 | 0.8917 | 0.0006
32 IFBAs - 0.9062 | 0.0005 | 0.8793 | 0.0006
48 JFBAs 0.8902 | 0.0005 | 0.8723 | 0.0006
64 IFBAs 0.8794 | 0.0005 | 0.8694 | 0.0006
80 IFBAs 0.8633 | 0.0004 | 0.8667 | 0.0005
104 IFBAs 0.8490 | 0.0005 | 0.8634 | 0.0006
128 IFBAs 0.8155 | 0.0005 | 0.8607 | 0.0005
156 IFBAs 0.7901 | 0.0004 | 0.8597 | 0.0006

80.33 °F
| Reférence (No IFBA) | 0.9022 | 0.0005'| 0.9043 | 0:0005

16 IFBAs 0.8911 | 0.0005-| 0.8819 | 0.0006
_ 32 IFBAs '0.8784 | 0.0005 | 0.8683 | 0.0005
s 48 IFBAs 0.8624 | 0.0005 | 0.8613 | 0.0006
64 IFBAs 0.8526 | 0.0005 | 0.8585 | 0.0005
80 [FBAs 0.8376 | 0.0004 | 0.8562 | 0.0005
104 IFBAs 0.8243 | 0.0005 | 0.8520 | 0.0006
128 IFBAs 0.7897 | 0.0004 | 0.8503 | 0.0006
156 IFBAs 0.7660 | 0.0005 | 0.8485 | 0.0006
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Table 3.6.5
Results of the NFV Calculations for Different Wall Thickness - 5.0 wt%

235
Calculation Description Keare c Delta K¢uic
6 % Moderator Density
40" (Reference) 10.9330 0.0005 n/a
12" 1 0.9329 0.0005 0
100% Moderator Density
40" (Reference) 1 0.9151 0.0005 n/a
12" 0.9145 0.0006 0
|
|
|
|
|
|
%
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Figure 3.5.1
A Two Dimensional Representation of the NFV Model (Radial Section)

Figure 3.5.2
A Two Dimensional Representation of the NFV Model (Axial Section)
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4. CRITICALITY EVALUATION OF SPENT FUEL POOL

4.1 INTRODUCTION

This chapter documents the criticality safety evaluation for the storage of PWR fresh and spent
nuclear fuel in Region 1 & 2 spent fuel storage racks at the Seabrook nuclear power plant
operated by NextEra Energy.

The Seabrook SFP (Spent Fuel Pool) has two separate rack designs (BORAL™ and
BORAFLEX™) which are designated as Region 1 and Region 2 respectively. These
designations do not refer to the rack geometry as both rack designs are of the flux-trap style.
Region 1 SFRs (Spent Fuel Racks) have six modules with BORAL™ as the credited neutron
absorber with space for 576 fuel assemblies; Region 2 SFRs contain six modules with a non-
credited BORAFLEX™ absorber that allow storage of 660 fuel assemblies. RCCAs (Rod
Cluster Control Assemblies) have been evaluated and may be credited for neutron absorption in
selected fuel assemblies in Region 2. The maximum pool capacity is 1236 assemblies.

Criticality control in the SFP relies on the following:

o For Region 1 racks:

Fixed Neutron Absorbers ' ' Lo
. * BORAL™. The BORAL™ areal density is taken as lower hmlt value:' T
: +~o. Administrative controls S
= Fuel Burnup as a function of initial enrichment. Cs
Soluble boron for. normal and accident conditions in accordance .with
10CFR50.68(4)(b). ‘ o

e For Region 2 racks:

o Peripheral leakage (ONLY for the fuel in Rows 1 and 2 on the periphery of the
Region 2 racks adjacent to the pool wall, i.e., the periphery of Racks 3, 4, and 5
adjacent to the west side of the pool shown in Figure 4.5.5, see Section 4.6.11.3.2).

o Administrative controls

=  Fuel Burnup as a function of initial enrichment.
»  Cooling time of fuel assemblies.
=  RCCA:s in guide tubes for selected patterns.

o Soluble boron for normal and accident conditions in accordance with

10CFR50.68(4)(b)

Criticality control in the SFP does NOT rely on

e Radial neutron leakages, i.e. all configurations are considered radially infinite, except for the
evaluation of the single assembly in water (see Sections 4.6.11.3.1 and 4.6.12.2) and the
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assemblies stored on the periphery of the Region 2 racks adjacent to the pool wall (see
Section 4.6.11.3.2).
e BORAFLEX™ in the Region 2 racks, i.e., it is assumed for this analy51s that the B4C in the
" BORAFLEX™ is not credited for neutron absorption.

The criticality calculations qualify fresh and spent fuel with an initial enrichment of 1.5 to 5.0
wt% **°U in the following storage rack configurations hereby denoted by Pattern names:

e Pattern A: Region 1 storage rack 2x2 array with a checkerboard of fresh fuel and spent fuel,
with fresh fuel at the maximum nominal enrichment of 5.0 wt% U, and spent fuel
assemblies with an initial enrichment of 1.5 to 5.0 wt% 2**U. No credit for cooling time. All
four cells contam BORAL™ panels in each side of the cells. A BORAL™ areal density of
0.015 gm/cm is considered.

e Pattern B: Region 2 storage rack 2x2 array uniformly loaded with spent fuel with an initial
enrichment of 1.5 to 5.0 wt% *°U, with any two of the four cells containing RCCAs in the
fuel assemblies, and the consideration of cooling times of 0, 2.5, 5, 10, 15, and 20 years. No
credit for BORAFLEX™ panels. Additionally, it is acceptable to replace any cells that
contain fuel assemblies with empty water cells.

o Pattern C: Region 2 storage rack 2x2 array uniformly loaded with spent fuel with an initial

enrichment of 1.5 to 5.0 wt% ***U, with any one of the four cells containing RCCAs in the

fuel assemblies, and the consideration of cooling times of 0, 2.5, 5, 10, 15, and 20 years.No - ..

credit. for BORAFLEX™ panels. Addltlonally, it is acceptable to replace any cells‘, that N

'contam fuel assemblies with empty water cells. Lo

“e “Paftern D: Region 2 storage rack 2x2 array uniformly loaded with spent fuel Wlth an initial. . . .

enrichment of 1.5 to 5.0 wi% 23U, without any RCCAs in the’ fuel assemblies, and, the. =

** consideration of cooling times of 0, 2.5, 5, 10, 15, and 20 years. No credit for BORAF LEXTM;
panels. Additionally, it is acceptable to replace any cells that contain fuel assemblies with
empty water cells.

The spent fuel assemblies stored on the periphery of the Region 2 rack adjacent to the pool wall
are also qualified by taking credit of the periphery leakages for these locations.

Additionally, the fuel rod storage basket is qualified for all locations that are qualified for any
fresh or spent fuel in above cases.

4.2 METHODOLOGY

4.2.1 General Approach

Typically, in order to show that the results of the analyses are below the regulatory limit with a
95% probability at a 95% confidence level, independent uncertainties are considered by adding a
statistical combination of their reactivity effects (square root of the sum of squares) to
calculations performed at nominal conditions. However, usually only a few tolerances have a
large effect, while most of them have an effect that is only of the order of the typical statistical
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uncertainties of the reactivity. Modeling each of these small effect folerance requires significant
effort so a conservative method has been devised using a modified limit value approach. This
modified approach utilizes mostly nominal parameters in design basis calculations but for each
design basis case two additional calculations are performed which provides an overall
conservative result. For fuel tolerances, a single calculation is conducted where the four most
dominating parameters are assumed to be at the limiting condition. Likewise for rack tolerances,
a single calculation is performed where the two most dominating parameters are assumed to be at
the limiting condition. For each of those cases, the reactivity difference to the corresponding
nominal case would be calculated, and then those two uncertainties would be statistically
combined with the other uncertainties of the design basis calculation. The conservatism of this
approach is large enough to allow neglecting the effect of some minor tolerances or
uncertainties. To show that this approach is in fact more conservative, a comparison of this
approach is performed with the approach using the statistical combination for a representative
number of cases covering all aspects of the fuel and storage systems.

4.2.2 Computer Codes and Cross Section Libraries

4.2.2.1 MCNP5

- MCNPS5 Version 1.51 [2] is used for the criticality analyses. MCNP5 calculations use contmuous
energy cross-section data predommantly based on ENDF/B-V »and ENDF/B VI [2].

The convergence of a Monte Carlo criticality problem is sensitive to the following parameters:
(1) number of histories per cycle, (2) the number of cycles sklpped befol eraging, (3) the total
number of cycles and (4) the m1t1al source dlstrlbutlon i~ 3

' T The initial source is spe01ﬁed as -
uniform over the fueled regions (assemblles) and the source distribution was confirmed to
converge.

4.2.2.1.1 MCNP5 Validation

L 4.2.2.1.1.1 Actinides

As discussed in Section 3.3.2, benchmarking of MCNP?5 for criticality calculations is documented in

[5].
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4.2.2.1.1.2 Fission Products

Little relevant critical experiments are publicly available for fission products. The uncertainty in
the reactivity worth of those isotopes is therefore determined based on consideration of
uncertainties of cross sections of fission products documented in [12]. The overall uncertainty is
derived from the uncertainty associated with each individual isotope’s cross section for lumped
fission products (LFPs) and all the other fission products (FPs) separately i

Also note that recent studies [13] indicate that the total Cross sectlon uncertamty for 16 promment
fission products is only about 1% (one standard devratlon) i.e

value is much higher, and presents a margrn that may be reduced in the future based on additional
information or evaluations.
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These two values are then statistically combined with the other uncertainties in the determination
of the maximum k. for those cases where fuel assembly burnup is credited.

Area of Applicability: All conditions analyzed here have neutron spectra in the thermal energy
range and the fission products are predominantly thermal absorbers. Additionally, fission
processes are affected by the resonance integrals of the absorbers. The fission product cross
section uncertainty is evaluated for the thermal neutron energy range and the resonance integral.
The uncertainties are therefore directly applicable to the calculations performed here.

4.2.2.2 CASMO-4

Fuel depletion analyses during core operation were performed with CASMO-4 (using the 70-group
cross-section library), a two-dimensional multigroup transport theory code based on the Method of
Characteristics [8]. Note that CASMO-4 is not used for any criticality calculations, i.e. to calculate
a kefr or ks value. A validation for CASMO-4 to calculate reactivities is therefore not required here,
but an uncertainty in the spent fuel isotopic composition is considered (see below).

42221 Uncertalnty in the Isotoplc Content of Spent Fuel

To account for the uncertamty in the depletion calculations performed in CASMO, a.5%
depletion uncertainty factor as described in [3, 10] is used.

The uncertainty is applied by multiplying it with the reactivity difference (at 95%/95%) between

‘the MCNPS5 calculation with spent fuel and a corresponding MCNP5 calculation with fresh fuel:

Uncertaint}'Isotopics = [(kcalc-l - kcalc—Z) +2* \/ (()'calc-l2 + Gcalc-22) ] *0.05
With

Keate-1 = Keate With fresh fuel

Kcate-2 = Keate With spent fuel

Oeale.1 = Standard Deviation of Ke,ic.

Ocale2 = Standard Deviation of keajc.n

This value is then statistically combined with the other uncertainties in the determination of the
maximum ke where fuel assembly burnup is credited.

The value of 5% depletion uncertainty is discussed in [3, 10] in the direct context of spent fuel
criticality calculation, and is therefore directly applicable to the calculations performed here.
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4.2.3 Analysis Methods

4.2.3.1 Design Basis Fuel Assembly

The Seabrook SFP contains three types of Westinghouse 17x17 fuel assemblies: the Standard
design, Vantage 5 and RFA. The goal is to find a single type of fuel assembly that is limiting under
all conditions. This way, this single set of parameters can be used in all design basis calculations,
and it is not necessary to perform some design basis calculations with different sets of parameters,
or to consider interfaces between areas with different fuel types. To determine this limiting set,
calculations are performed for all cases, and for representative burnup and enrichment
combinations. If one set shows results that either bound or are statistically equivalent to the others,
then that set is used as the design basis in all further analyses. If there are minor discrepancies'in
some cases or burnup and enrichment combinations, it may still be possible to use one set as a
single design basis assembly if those discrepancies can be shown to be easily covered by the overall
margins. If none of the actual sets of dimensions and operating parameters fulfills the stated goal,
then a “hybrid” set of parameters may be established, combining those parameters that result in
higher k-values, or appropriate bias values may be applied to selected analyses. Note that some
parameters of fuel design, for example, the fuel pellet density has changed over time. Such
variations in the fuel design are examined and the most reactive parameters are used in all design
basis calculations. '

4.2.3.2 Reactivity Effect of. Spent,._EqéI Pool Water Temperature

The main effect of changes in the SFP water temperature is the impact of the difference in water
density. Additionally there may be.temperature-dependent cross section effects that need to be
considered. The optimum condition may therefore be different from case to case in this analysis.
To ensure that the optimum condition is used for each case, calculations are performed for each
case with representative burnup and enrichment combinations. To cover all normal and accident
conditions, those calculations are performed for the following conditions, using MCNP5:

e Normal Ambient Temperature (about 300 K, which is also the standard temperature for
MCNP and its cross sections). However, an upper bound water density of 1.0 g/cm® is used
for those cases, which also covers potential lower water temperatures since this density
corresponds to a water temperature of 4 °C. These calculations are performed for 0 and 500
ppm soluble boron.

e Maximum normal SFP temperature. The input files for those conditions use the appropriate
water density and S (alpha, beta) according to the temperature. Note that S (alpha, beta), is
only available at fixed temperatures of 300K and 400K in MCNPS5. Calculations are therefore
performed with the adjustment for both temperatures, and the reactivity for the maximum
pool temperature is determined by interpolation. These calculations are performed for 0 and
500ppm soluble boron.
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e Temperature accident condition. For this, the saturation temperature at the submergence
depth of the fuel in SFP of about 260 F (400 K) is used, with and without boiling. Boiling is
simulated by assuming a void of 10%, i.e. a reduction in the water density by 10%. These
calculations are performed for 1000 ppm soluble boron.

After the results of those studies are determined, the design basis calculations then use the water
density and temperature adjustment identified to result in higher reactivities for each pattern.

4.2.3.3 Fuel and Storage Rack Manufacturing Tolerances

Traditionally, fuel and storage rack manufacturing tolerances, and other uncertainties such as
positioning of fuel in the rack cells, are accounted for by evaluating the reactivity effect of each
uncertainty, and then combining those statistically with the other uncertainties (e.g. from
validation). In order to ensure that uncertainties are considered appropriately, those calculations
need to be performed for all cases, for a bounding set of burnup, enrichment and cooling time
combinations, and for water with and without soluble boron. The calculational effort of this
approach is enormous, specifically when Monte Carlo codes are used to determine individual
reactivity effects. However, the contribution of the tolerances to the total uncertainty is rather
moderate. In order to simplify this process, a different approach is used in the current analysis.
This different approach is based on an observation that is made for many uncertainty analyses
using the traditional approach stated above: there are only a few parameters that have significant
reactivity effect, while the majority of the parameters have small individual reactivity effect,
which is almost insignificant \when statistically combined with all other larger uncertainties.
Modeling those small effect ‘tolerances "with' reasonable accuracy would require very long
computer run times. But ignoring those folerances completely could be considered mildly non-
conservative. However, it should- be ‘relatively easy to show that the effect of several most
dominant fuel tolerances considered together (i.e. a calculation where both parameters are
considered to be at its limit) would bound the statistical combination of all fuel tolerances. The
same is true for the rack tolerances.

The overall process using this approach is therefore as follows:

e Design basis calculations are performed with nominal parameters (as in the traditional
approach) : ‘

e For each design basis case, two additional MCNP calculations are performed:

o For fuel tolerances, a single calculation where the four most dominating parameters
are assumed to be at the limiting condition. In this analysis, those parameters are fuel
enrichment, fuel density, pin pitch and clad OD.

o Likewise for rack tolerances, a single calculation where the two most dominating
parameters are assumed to be at the limiting condition, but the bounding assumptions
are different between Region 1 and Region 2 racks. The dominating parameters are
flux trap and cell ID for Region 1 racks, flux trap and wall thickness for Region 2
racks.
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' 4.2.3.4 Fuel Radial Positioning

o For each of those cases, the reactivity difference to the corresponding nominal case would be
calculated at a 95/95 confidence level, and then those two uncertainties would be statistically
combined with the other uncertainties of the calculation.

e A comparison of this approach is performed with the approach using the statistical
combination for a representative number of cases covering all aspects of the fuel and storage
systems, to show that those values in fact bound a "traditional" statistical combination of all
uncertainties for fuel and racks. If the discrepancy between the two approaches is too large
(either high or low), then the number of dominating parameters used in the two calculations
would be adjusted.

e This is similar to the approach for FPs or LFPs, or for the depletion uncertainty, where
additional MCNP calculations are performed for each design basis calculation to evaluate
specific uncertainties.

The advantages of this approach are as follows:

o The calculated fuel and rack tolerance are still conservative.

e All uncertainty and tolerances are still considered.

e Numbers of calculations increase only moderately (only two per design basis case) compared
to the traditional approach.

-+ o The uncertainty is now calculated approprlately for each design basis case, but not as a

~ bounding value for all calculatlons s

Studies are performed to determine the reactivity effects of the fuel radial p051t10n1ng The studles
consider both 2x2 array of cells as well as larger arrays that represent an entire rack. This way, both
local and global effects of the radial positioning are accounted for. The resulting reactivity effects
are then considered as uncertainties in the calculations of maximum ke to determine the loading
curves.

4.2.3.5 Spent Fuel Reactivity Calculations

4.2.3.5.1 Operating Parameters

Principal operating parameters of the fuel discussed here are moderator temperature, fuel
temperature, soluble boron concentration in the core, and the power density. Other parameters
such as axial burnup distribution and effect of burnable absorbers are discussed in some of the
following sections. Generic studies [14, 15] indicate that the operating parameters that result in
higher reactivities are the upper bound moderator temperature, fuel temperature, and soluble
boron concentration, while the power density has a comparatively small effect with no clear
trend or even a possibly higher reactivity at lower power density. Upper bound values are
therefore used for the first three parameters. For the power density, a lower bound value would
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be inconsistent with the higher fuel temperature. Therefore, consistent with the guidance in [10],
a nominal value is used for the power density. Additionally, sensitivity studies are performed to
show the effect of the individual parameters, and to confirm that the selected values are in fact
conservative. ‘

4.2.3.5.2 Spent Fuel Isotopic Composition

To perform the criticality evaluation for spent fuel in MCNP3, the isotopic composition of the
fuel is calculated with the depletion code CASMO-4 and then specified as input data i&%ﬁtﬁo
: o " B . = S,

Note that there may be some uncertainty associated with the sisotopic composition of the fuel at
the specified cooling time which is not already considered by, the depletion uncertainty (Section®
4.2:2.2.1), the burnup uncertainty (Section 4.2.3.5.4) or the FP/LFP uncertainty (Section .
4.2.2.1.1.2). The uncertainty of the cooling time on reactivity is therefore determined by

performing cooling time studies. These studies are described in Section 4.2.3.5.7.

Note that CASMO-4 has the capability to track isotopic compositions both as assembly average
and for each pin (“pin-wise”). The design basis calculations use the assembly average option for
simplicity and conservatism. To check if this approach is acceptable, pin-wise studies are
performed where pin-specific isotopic compositions are extracted from the CASMO-4
calculations and assigned to the corresponding pins in the MCNPS calculation. These pin-wise
studies are performed in conjunction with the studies for burnable absorbers and reactivity
control devices (see Section 4.2.3.5.3). Calculations are performed with the 2x2 array models
and cover the range of burnups for selected fuel design. The positive reactivity effect is applied
as a bias to account for the reactivity effect of the reactivity control devices and the presence of
pin specific isotopic composition in determination of the maximum ks in Section 4.6.11.

4.2.3.5.3 Burnable Absorbers and Reactivity Control Devices

4.2.3.5.3.1 Burnable Absorbers
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Both integral burnable absorber and non-integral burnable absorber were used for Seabrook. The
integrated fuel burnable absorber (IFBA) rods with a thin coating of ZrB, on the UO, pellet were
used to replace certain fuel rods in certain assemblies for all the cycles except for Cycle 1.
Generic studies [9] have investigated the effect of integral burnable absorbers (IFBAs). These
studies have concluded that there is a small positive reactivity effect associated with the presence

" of IFBA rods, compared to an assembly configuration where all rods contain fuel and no neutron

absorber. This is mainly because of the spectrum hardening caused by the thermal neutron
absorber. To confirm the conclusion from [9] is applicable to the Seabrook fuel, studies are
performed for selected cases where the absorber is explicitly modeled in the depletion analyses,
so the fuel composition transferred to the MCNP criticality calculation (without any residual
absorber and on a pin-by-pin basis) contains the effect of the absorber.

The burnable poison rod assemblies (BPRAs) were only utilized for low enrichment fuel in
Cycle 1 (see Section 4.5.3) and then replaced with IFBA rods for the remaining cycles.
Therefore, in this analysis, their potential reactivity effect is only evaluated for Standard design
fuel asserzré?ly (which is the only fuel type utilized for Cycle 1) for fuel with enrichment less than
3.6 wt% UL

Following these studies, all design basis calculations are still performed without any burnable
absorbers and reactivity control devices. However, in order to account for the presence of the
burnable absorbers, for fuel with enrichment less than 3.6 wt% 235 U, the maximum positive

-reactivity effect associated with both IFBA and BPRA configurations is applied in the design = -

basis calculations as a bias; for fuel with enrichment equal to and larger than 3.6 wt% 2*°U, only
the maximum positive reactivity effect of IFBA rods is used as.abias. -

4.2.3.5.3.2 Reactivity Control Devices ) Co * if,. o

The Seabrook reactor typically operates ARO (All Rods Out) at full power operatlons where the
control components are above the top of the active region. Special consideration of those control
components on the reactivity of the assemblies is therefore not necessary.

4.2.3.5.4 Burnup Uncertainty

In order to account for the uncertainty in the recorded burnup in reactor records, an uncertainty
of 5% is used for the burnup measurement uncertainty. The reactivity effect of this uncertainty is
considered and statistically combined with the other uncertainties in the determination of the
maximum K. The calculations performed at various burnups for each enrichment that are used
to interpolate the burnup for the target k.s (see Section 4.2.3.7) are used to determine this
reactivity effect. To consider the reactivity difference at the 95/95 confidence level, the
following equation is used:

Delta keaie = ((Keatez — Keate1) +2 * ¥ (617 + 629))/(bu; — buy) *( 5% * buy)

With

Project No. 2064 Report No. HI-2114996 Page 36

Shaded Areas Denote Holtec International Proprietary Information



Keaica, 02 Calculated k. and standard variation at (lower) burnup bu,
Kealc1, G1 Calculated ksr and standard variation at (higher) burnup bu,

Note that in this approach, the lower burnup bu; is 0 GWd/MtU, and the hlgher burnup bu; is higher
than the burnup at the target keg.

4.2.3.5.5 Axial Burnup Profiles and Axial Enrichment Variations
Two different enrichment distributions have been used at Seabrook:

o Fuel with enriched blankets. Annular fuel pellet was used for enriched blankets at the top and
bottom of the fuel.
e Fuel without blankets, i.e. with an axially constant enrichment

Each distribution results in different axial burnup profiles. Separate profiles are therefore
determined based on a large number of plant-specific assembly information or generic profiles,
and bounding profiles as a function of bumup are established. Additionally, a uniform burnup
profile (constant burnup over height) is used, since this may result in a higher reactivity. This flat
bu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>