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SUBJECT:
Beaver Valley Power Station, Unit No. 2
Docket No. 50-412, License No. NPF-73
Responses to NRC Staff Request for Additional Information Regarding
Unit No. 2 Spent Fuel Pool Rerack Criticality Analyses (TAC No. ME1079)

A license amendment request to revise the Beaver Valley Power Station Unit No. 2
(BVPS-2) Technical Specifications to support installation of high density fuel storage
racks in the spent fuel pool was submitted on April 9, 2009 (Accession No.
ML091210251), and supplemented on June 15, 2009 (Accession No. ML091680614)
and October 18, 2010 (Accession No. ML102940454). With respect to the supporting
criticality analyses for the amendment, responses to a Nuclear Regulatory Commission
(NRC) request for additional information (RAI) were provided in letters dated
March 18, 2010 (Accession No. ML1 00820165) and June 1,2010 (Accession No.
ML101610118). Subsequently, the NRC staff provided additional criticality analysis
RAI items in a letter dated January 24, 2011 (Accession No. ML1 10200602).

Attachment I provides responses to the January 2011 RAI items. A portion of the
information in the responses is considered proprietary; therefore Attachment 2 provides
a nonproprietary version of the responses. Pursuant to 10 CFR 2.390, an affidavit from
Holtec International, the owner of the information sought to be withheld, is provided as
an enclosure.

There are no new regulatory commitments contained in this submittal. If there are any
questions or if additional information is required, please contact Mr. Thomas A. Lentz,
Manager - Fleet Licensing, at (330) 761-6071.

I declare under penalty of perjury that the foregoing is true and correct. Executed on
February /_, 2011.

Sincerely,

Paul A. Harden oc
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2. Response to NRC RAI on BVPS-2 Spent Fuel Pool Rerack Criticality Analysis
(Nonproprietary Version)

ENCLOSURE:
10 CFR 2.390 Proprietary Affidavit from Holtec International

cc: NRC Region I Administrator (without Proprietary Attachment)
NRC Resident Inspector (without Proprietary Attachment)
NRC Project Manager (without Proprietary Attachment)
Director BRP/DEP (without Proprietary Attachment)
Site Representative (BRP/DEP) (without Proprietary Attachment)
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By letter dated January 24, 2011, the Nuclear Regulatory Commission (NRC) staff
provided a request for additional information (RAI) on the FirstEnergy Nuclear
Operating Company (FENOC) license amendment request (LAR) for Unit 2 of the
Beaver Valley Power Station (BVPS-2), regarding criticality analyses that support a
spent fuel pool rerack. The NRC RAI items are presented below in bold type,
followed by the FENOC response. Triple brackets denote the start and end of
proprietary information.

1. RAI-15: The response to RAI-15 is adequate, but raises some additional
questions.

a. Provide an explanation for the large differences between the predicted
nuclear design report values and the corrected/measured soluble boron
concentrations. The issue is that some reactor parameter, such as
temperatures, power, and coolant flow rate, may be significantly different
than what was used in the fuel depletion calculations. If core reactivity
is mispredicted by nearly 1% Ak-effective (keff), you may also be
under predicting the reactivity of the fuel in storage. The explanation of
the misprediction should also address its impact on the analysis.

Response

The largest difference (approximately 760 pcm (percent milli-rho)) was seen in
Cycle 11. The measurements determine total boron, and in Cycles 1 thru 11, boron-
10 depletion was not accounted for, which contributed to some of the difference
between the measured and predicted values. The response for RAI-15 notes that
boron-10 depletion was accounted for in Cycles 12-14. The differences seen in
Cycles 12-14 are on the order of 300-450 pcm. This is lower than the Technical
Specification (TS) surveillance requirement of ±1000 pcm (± 1% Ak/k).

The methodology utilizes the Westinghouse ANC/Phoenix codes based on design
values (for example, the end-of-cycle burnup may not reflect the actual end-of-cycle
burnup, and the assumed boron-10 content is 19.9 atom%). The methodology used
in the criticality analysis is based on the CASMO-4 and MCNP codes, and uses
bounding values, tolerance calculations, CASMO-4/MCNP code bias and/or
uncertainties, and sensitivity calculations to maximize the reactivity, thus bounding
the actual reactivity of assemblies stored in the spent fuel pool. Such conservatisms
are meant to provide reasonable assurance that variations in normal operating
parameters do not impact the bounding reactivity as evaluated by the criticality
analysis. CASMO-4 was not used to calculate absolute reactivity within the criticality
analysis; it was only used to calculate delta reactivity. A CASMO-4 bias uncertainty
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was incorporated into the criticality analysis. The ability of CASMO-4 to calculate
delta reactivity is demonstrated qualitatively in Figures 4 through 6 in response to
RAI 3.f.

Therefore, this data is not used as direct input into the criticality safety analysis, other
than to demonstrate that the assumed boron concentration in the criticality safety
analysis bounds the historical measured cycle-average boron concentrations. Since
this data is not input into the criticality safety analysis or into any of the parameters
used in the criticality safety analysis, any difference has no impact on the analysis.

b. The RAI-15 response includes the following statement:

A process will be established prior to receipt of the next reload batch of
BVPS Unit 2 fuel to ensure that the design features and operating
parameters of fuel used in the future at BVPS Unit 2 are consistent with
the assumptions of the criticality analysis.

Which design features and operating parameters will be reviewed in the
process? Will the "process" be reviewed by NRC staff prior to
implementation?

Response

The design features reviewed by this process are fuel design and dimensional
characteristics (fuel pin pitch, fuel rod diameters, pellet diameter, enrichment/IFBA
loadings and associated restrictions, guide tube/instrument tube dimensions, fuel
length, and overall assembly type). The operational (depletion-related) features
reviewed by this process are cycle-average boron concentration, core-average
moderator temperature, core outlet temperature, axial burnup profile, fuel assembly
burnup, and other control restrictions such as use of removable burnable absorbers
including WABA/pyrex absorbers. It should be noted that this is only a summary of
design features and operating parameters and the process is not necessarily limited
to the review of just the parameters listed above.

This process, which has already been implemented and is available in the site
document management system, is licensee-controlled. The site document
management system is available to the Nuclear Regulatory Commission, for
information.
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2. The response to RAI-29 may not be adequate. The second of the three
figures that were provided might have a more reactive configuration. See
the modified figure below:

Second Coafiguritlou, fihslomded in Inner Row of Regioun

Reflected 32 213 3 3

The locations marked with
"M" are the evaluated
misload locations. It is not
clear that an alternale
misload location, markedt e 'X", will not yield a higher
keff value. The alternate
locations have more type
"3" fuel assemblies around
them than the originally
evaluated locations. Type
3 fuel has a higher
reactivity than the type 2
fuel.

I 1 tne Bouid~ily Conditions.

a. Confirm that the keff for the alternate misload location is bounded by the
already evaluated misloads.

Response

The alternative misloading configuration for the Region 2 inner row that is described
in the RAI was analyzed. The results are listed in the following table, together with
the results of the two already evaluated misloading conditions for Region 2 fuel (inner
row and outer row). Comparing the results shows that the alternative configuration
has a higher soluble boron requirement than the already evaluated configuration for
the inner row misloading. However, it is still bounded by the already evaluated
configuration for the Region 2 outer row misloading configuration, which therefore is
and remains overall bounding.

Region 2 Enrichment (weight percent (wt%) U-235) 2.0 3.5 5.0
Region 2 Bumup (GWD/MTUt) 9 32 50
Region 3 Enrichment (wt% U-235) 5.0 5.0 5.0
Region 3 Bumup (GWD/MTU) 39.00 39.00 39.00

Misloaded Fresh Fuel Assembly in Region 2 (inner row)
Alternative Configuration

Reactivity, 0 ppmt 1.0132 1.0106 1.0127
Reactivity, 2500 ppm 0.7875 0.7952 0.7998
Target keff (0.945-corrections) 0.9196 0.9177 0.9160
Interpolated Soluble Boron Requirement, ppm 1036 1078 1136
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Misloaded Fresh Fuel Assembly in Region 2 (inner row)
Previonuuv A nalvzied Configuration

Reactivity, 0 ppm 1.0024 0.9989 1.0017
Reactivity, 2500 ppm 0.7786 0.7856 0.7917
Target keff (0.945-corrections) 0.9196 0.9177 0.9160
Interpolated Soluble Boron Requirement, ppm 924 952 1020

Misloaded Fresh Fuel Assembly in Region 2 (outer row)
Previously Analyzed Bounding Configuration

Reactivity, 0 ppm 1.0202 1.0175 1.0187
Reactivity, 2500 ppm 0.7972 0.8022 0.8068
Target ken (0.945-corrections) 0.9196 0.9177 0.9160
Interpolated Soluble Boron Requirement, ppm 1127 1159 1212
TGWD/MTU = Gigawatt Days per Metric Ton Uranium; ppm = parts per million.

b. Figure 4.5.7, which did not exist in the original analysis and varies
significantly from Figure 1.1, appears to show locations where an
assembly could be placed between rack modules. If this is true, evaluate
the soluble boron requirement for assemblies incorrectly placed in these
non-storage locations.

Response

Figure 4.5.7 is not to scale, and therefore does not depict actual rack-to-rack
distances. In the actual rack configuration, there is not enough room between rack
modules for the accidental placement of an extra assembly. The purpose of the
figure was to provide clarification of acceptable mixed zone three region (MZTR)
loading configurations, specifically along the rack interfaces where "cut-outs" exist.

c. Figure 4.5.7 seems to indicate that four fresh fuel assemblies will not be
placed into the neighboring corners of four rack modules. Is this
configuration prohibited? If so, how is this restriction captured in the
TS?

Response

The analytical model of the rack contains a fresh assembly in the corner of the rack
that is modeled. With the reflecting boundary conditions used in the analyses, this
represents a configuration where fresh assemblies are placed in the neighboring
corners of four racks. This configuration is therefore supported by the analysis and
hence permitted. Consequently, no corresponding restriction is required in the TS.

3. RAI-33: This RAI focused on how the reactivity control penalty was
calculated. The response leads to some additional questions.

a. The calculation of the reactivity control penalties was performed using
CASMO. It does not appear that CASMO's ability to calculate Akeff
penalties as used in the analysis has been validated. Provide the
validation for using CASMO to calculate the Akeff penalty.
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Response

Rather than validating CASMO for the calculation of the delta-k penalties, the
calculations have been re-performed using CASMO only to determine the isotopic
compositions of the fuel, and then performing the calculation of the delta-k penalty in
MCNP. The following contains a description of the main considerations of the
analyses:

" Past reactivity control configurations were analyzed separately. These include
a total of 20 configurations of IFBA patterns, IFBA patterns together with WDR
rod patterns, and WABA rod patterns. The list of those 20 configurations is
shown in the table at the end of this response. Each configuration is analyzed
at the actual enrichment level(s) and axial burnup profile applicable to the
pattern. Note that several configurations were used at different enrichment
levels; in those cases, applicable enrichment levels for that configuration are
individually analyzed to ensure the bounding condition is determined.

" Additionally, configurations with 200 IFBA rods were analyzed for fuel with
enriched blankets and various fuel enrichments. This bounds IFBA patterns
anticipated in the future, which will be controlled by the process described in
response to RAI 1.b.

" [[[PROPRIETARY -

* Calculations are performed for the full three-dimensional design basis rack
model that includes Region 1, Region 2 and Region 3 fuel. Spent fuel
compositions of Region 2 and Region 3 assemblies are taken from the
reactivity control depletion calculations; specifically, it is assumed that spent
fuel assemblies in each model were exposed to the same reactivity control
configuration.

" Cases without any reactivity control effect were performed for relevant
enrichment and axial profile combinations as reference cases, also using pin
specific compositions, so that the delta-k penalties can be calculated.

• Burnups are determined from the applicable loading curves for Region 2 and
Region 3 assemblies, based on the fuel enrichment and the axial profile for
each configuration. Fuel in those analyses therefore represent fuel that
exactly matches the burnup requirements. Many configurations use
enrichments such as 3.2 or 3.4 wt% that were not directly evaluated in the
design basis calculations. The polynomial functions established to define the
loading curves were used to determine the burnups for each of those
enrichments.

" The fresh fuel in Region 1 is always modeled without any burnable poison.
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The calculated reactivity differences (delta-k) for configurations range between
-0.0007 and 0.0038, with an uncertainty of 0.0011 at the 95/95 level. The highest
value corresponds to the configuration with 200 IFBA rods (which bounds future
conditions) at an enrichment of 4.6 wt%. This is about half of the value of 0.0063
delta-k determined in the original analyses using CASMO. In conclusion, using more
detailed MCNP calculations to determine the reactivity control bias demonstrates that
the bias previously determined using CASMO-4 is conservative.

Analyzed Past Reactivi Control Configurations

Configuration Number of Patterns

32 IFBA Rods 2

48 IFBA Rods 2

64 IFBA Rods 3

80 IFBA Rods 2

100 IFBA Rods 1

104 IFBA Rods 1

128 IFBA Rods 3

20 WABAs 1

16 WABAs 1

12 WABAs 1

100 IFBA Rods and 4 WDRs 1

128 IFBA Rods and 4 WDRs 1

128 IFBA Rods and 8 WDRs 1

Total 20

See also the response to RAI 5.e for a discussion of the impact of a
on the loading curves.

reduced penalty

b. It looks like the reactivity control penalties were calculated using 2-D
CASMO calculations. If this is true, this represents a significant
simplification over the real 3-D problem. Provide justification for the use
of 2-D calculations and provide data that supports this justification. If
appropriate, incorporate and justify additional margin to cover the
modeling simplification.
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Response

As discussed in the response to RAI 3.a, calculations for the reactivity control penalty
are now performed in 3-D MCNP models rather than 2-D CASMO models. No further
justification for the modeling is therefore required.

c. The IFBA penalty calculations were presented for only fuel with initial
enrichments of 3, 3.8 and 5 weight percent (wt%). Provide the data and
justify the use of the rather limited set of enrichments evaluated.

Response

As discussed in the response to RAI 3.a, previously used configurations, and
configurations bounding future reactivity control are now analyzed. No further
justification for the selection of cases is therefore required.

d. The IFBA penalty calculations were presented for only 100, 128, and 200
IFBA rod patterns. Justify not examining other patterns already used at
Beaver Valley, which also include 32, 48, 64, and 80 IFBA rod patterns,
and provide data that support this justification.

Response

As discussed in the response to RAI 3.a, previously used IFBA configurations, and
IFBA configurations bounding future conditions are now analyzed. No further
justification for the selection of IFBA patterns is therefore required.

e. The analysis does not describe how the IFBA rods were modeled in
CASMO. The IFBA coating is a very thin layer of a strong neutron
absorber on the outside of the pellet. Provide a description and justify
how this was modeled in CASMO. The description should address the
model geometry, and relevant CASMO solution parameters such as
quadrature used.

Response

IFBA is a very thin, absorbing layer on the outside of the fuel pellet and requires
appropriate treatment in the Method of Characteristics that is used for the two
dimensional (2-D) transport solution in CASMO-4, and consideration is required prior
to the 2-D transport solution.

IFBA modeling in CASMO-4 is performed by homogenizing the thin outer IFBA layer
with the fuel pellet by using a one-dimensional, pincell based, collision probabilities
solution prior to the 2-D characteristics transport solution. Through the use of
heterogeneity factors, applied to the cross sections subsequently used in the
2-D transport calculation, this calculation preserves the homogeneous to
heterogeneous reaction rates.

This homogenization process eliminates the need to refine the quadrature (number of
azimuthal angles, number of polar angles, and ray-spacing) of the 2-D transport
solution, and the default quadrature is used and the calculation proceeds normally.
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This homogenization process is a concession to run-time as with sufficiently fine ray-
spacing, the Method of Characteristics can be applied directly to these types of
problems albeit with an associated increase in runtime. No further treatment for IFBA
fuels is performed in CASMO-4. As discussed in the response to RAI 3.a,
calculations for the reactivity control penalty are now performed in MCNP models
rather than CASMO models.

f. Describe the experience and performance of modeling IFBA using
CASMO. Have CASMO IFBA cross sections been used in reactor
simulation for operating reactors? If so, provide data that shows how
well the simulated power distributions and soluble boron agree with
measurements.

Response

CASMO-4 is licensed by the NRC for reload analysis and some utilities use
CASMO-4 to perform reload licensing for cores containing IFBA. Some examples
are:

* "Safety Evaluation by the Office of Nuclear Reactor Regulation Relating to Topical
Report DOM-NAF-1 Qualification of the Studsvik Core Management System
Reactor Physics Methods for Application to North Anna and Surry Power Stations,
Units 1 and 2, Docket Nos. 50-280, 50-281, 50-338, and 50-339"

" "Palo Verde Nuclear Generating Station (PVNGS), Units 1, 2, and 3 - Issuance of
Amendments on CASMO-4/SIMULATE-3 (TAC Nos. MA9279, MA9280, and
MA9281)"

Although Beaver Valley does not use CASMO-4 for licensed reload analysis, it uses
CASMO-4 and SIMULATE-3 for independent verification of vendor analysis.

The following figures provide a sample of power distribution and soluble boron data
for BVPS-2 Cycles 12 through 14. There are a limited number of feed fuel
assemblies in detector locations, so the selected axial power distributions are from
feed fuel assemblies located in detector locations. Feed fuel assemblies were
selected because they contain fresh IFBA at beginning-of-cycle (BOC). The
measured (Meas) axial power distribution data are from flux map traces of the
moveable in-core detector surveillance data. The predicted axial power distribution
data are from SIMULATE-3 (S3) 3-D nodal code, which uses CASMO-4 cross-
section data with IFBA. Recent Beaver Valley fuel assemblies have some number of
fuel pins with IFBA-coated pellets. The axial power distributions are shown in
Figures 1 through 3. The soluble boron concentration letdown curves between
measured Reactor Coolant System (RCS) surveillance data (adjusted for boron-10
depletion) and predicted SIMULATE-3 data is provided below in Figures 4 through 6
for Cycles 12 through 14. The assembly-average power distribution is also provided
for Cycle 12 through 14, as shown in Figures 7 through 15, with the feed assemblies
indicated by the circles. Note that core locations in the 2-D power distribution maps
that are showing zero power (0.000) are due to inoperable in-core detectors. As
discussed in the response to RAI 3.a, calculations for the reactivity control penalty
are now performed in MCNP models rather than CASMO models.
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Figure 1
Comparison between Measured and SIMULATE-3 Axial Power Distribution for Assembly

Location F-8 in Beaver Valley Unit 2 Cycle 12

BV2C12

24 -.-

23 - "

22

21

20

19

18 "

17 -L

16 -

15

14 -

'0 13
z

12 ---- F-8 BOC Was

A--- F-8 BOC S3
11 -- F-8 EOC Meas '

10 ------ x F-8 EOC S3

9 -- &- F-8 4.85 Was
--.-- F-8 4.85 S3 1

8 -

7 -J

6

5

4-

3 -

2

0 0.5 1 1.5 2

Power Distribution



Attachment 2
L-1 1-057
Page 10 of 35

Figure 2
Comparison between Measured and SIMULATE-3 Axial Power Distribution for Assembly
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Figure 3
Comparison between Measured and SIMULATE-3 Axial Power Distribution for Assembly

Location F-13 in Beaver Valley Unit 2 Cycle 14
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Figure 4
Comparison between Measured and SIMULATE-3 Critical Boron Concentration for Beaver

Valley Unit 2 Cycle 12
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Figure 5
Comparison between Measured and SIMULATE-3 Critical Boron Concentration for Beaver

Valley Unit 2 Cycle 13
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Figure 6
Comparison between Measured and SIMULATE-3 Critical Boron Concentration for Beaver

Valley Unit 2 Cycle 14
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Figure 7
Comparison between Measured and SIMULATE-3 Assembly-Average Power Distribution at

Beginning of Cycle (BOC) Beaver Valley Unit 2 Cycle 12
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Figure 8
Comparison between Measured and SIMULATE-3 Assembly-Average Power Distribution at

4.85 GWD/MTU Beaver Valley Unit 2 Cycle 12
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Figure 9
Comparison between Measured and SIMULATE-3 Assembly-Average Power Distribution at

End of Cycle (EOC) Beaver Valley Unit 2 Cycle 12
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Figure 10
Comparison between Measured and SIMULATE-3 Assembly-Average Power Distribution at

BOC Beaver Valley Unit 2 Cycle 13
ASSEMBLY-AVERAGE PO3ER DISTRhZBtTZION MjP

R P ]z H 7. K 3 H G *F E D C B A
+ -. . -..+- ... +-....

I I 0.473! I

I I0.4721 1
I 1-0.001: I
I I -0.151 1

--------------------4- -+- 4-------

I I 0.5051 1
2I I 1 I I 0.5031 I 2

I I I I -0.0021 1
I I I I I -0.401 I

a 013341 1 1.27 1..1.099 ... . - 0.3171

3 I 0.3421 I 1 1.252 1.0321 I 1 10.3281 3
I 0.007.! I I-O.021.- 0.017.l I I 1 .0.0111
S 2..1 I \! -1--e. . -1.541 I 1 1 3.431

.-..... +.- ....- + ------ ------ -- - - - ----- 4- -. ------ 7 4------+

I 1.2 1 1.1041 I 1.3191

SI I /I 1..2.471 1 1.10S 1 1.2941 1 4
I 10.0132 I 1 0.0011 I-0 . 0251 1 I 1

0.-1.0 I I 1..el I - .901
-------.+ -+--- -, --------- "----------- -- ..---- '--- .. +- +

1 11.025 A1-30~ 1 1.2f01 0.0001 1 0.2f81
5 1 I 1 o.021 I 1.2411 1 1.2382 I 1 1 1.241 0.o00 1 0.2001 5

1 1-0.0141 1-0.0171 1-0.0071 I 1 1-0.019 o0.0001. 0.013.

I 1 -1.34 1 -1.341 1 -0-52 I I I -1.501 0.001 1 4.701
-- --------------.- 1 ----- +- +--+---- ------ +-------

I I I I 0.0001 I1 .2801 SI 1.1911 1 1I1

I I I 10.0001 I .801 1 I-O.o891 I I i I e
I I I 1 0.0001 1 .1. 001 1-0.0021 .1 1 1
1 I I I ý0.001 I 1 O-0.01! I -0.201 I I I 1

-.----- --,--, --- .-.-- ---- 7-.- - -, -4---*.- . ---, --- --- -------

1 1 -0.2 I , / 0.9 1 0.000 1 11 0 1.1.1 1 920.0001 1
71 1 1 1., 5. 21 I , fl1.240I I 0.00 1 I 1.2121 0.0001 17

1 1 1-0.0041 I- . 00101 I 0.000 0 I 0.0201 0.0001

I I.. ---- -0.33 I " .- 11 0 I 0 0.00 . 1 I 1.6 341 0.001 1
.--.................... --------.. -.. --- . -..-.. - - ------- +--------- --.-- ----- +
I 0.42 I 2. 3BI ., 1.1441 I | 1.27.1 I .1.05a 1. .91 1

8, 0.472 I :_2.02. 1.142! 1 1 1.2801 I 1.082 1.13 Iso l

q.010 -0.00 . -0.0 I 0 0 . 004 I o002 0.0041
1 2.20! 1 -0.101 1 0-211 1 1 2.30 0.318!
4-.---4- 4-+------- -----------. 4 - -------- 4- 4- +-----

2241)a 22: 1.101I6: 1 0.000:!

5- Oa 1-2 1.2 0.0009
1 4 1 I 1-0.0261 1 003 60091 1 1 1 1 0.0001

II-1.88 1 1 0.841 .0

. ....... .....- - - , ... ---- --.. --- -. . --.. . . . . -• :: .- . . . . . .-. _ _ _ .. .. 4w .. .. -+_ -----7--- ---
I 0.000 t 1 I 1.1291 I I 1 1 1.2891 1 0.000I

10 0.000o I 1 1 1.1225 I I , 1..2941 I 0.000,

1 0.000! , 1-0.0041 I , , ,.0.005, .1 0.0001
I O00 I 1 0 -0.341 1 1 0.421 I 0.001

+-- -4*4. -+ 4.-.---4 - 4- 4- 4. +- - 4-------
÷-- -- - 7''--" --÷ - ------... .-- '--- -- +- -- ----- --- 7+ ------- "7-..-__ _ +_ . . . . .+•. . .+

I I I I 1.2591 I 10.0o00 1 1..246! 0.0001 I 1 I
1 t I I I 1.2421 I .1 0.0001 1 1.254! 0.000o I. 1 1

I I I-0.0181 I 10.0001 1 0.0071 0.o0001 I I
1 , ,-1.391 1 1 0.00! 1 0.601 0.001 I I

+-- -4- 4- --- ---------- ----------- 4---- -.0--1-----.
I 0.336! I 1 1 1.2121 I 1 1 1 0.6611 0.31,71

12 1 0.3421 1 1 1 1.213! 1 1 1 I .0.665! 0.2281
I 0.006! I I 1 0.0021 1 1 1 1,0.0051 0.0121
I A? I I 011 1 1 1 G.101 3.521

10

12.

12

14

15

t 1.058! 1 1.230! ) 1 I
1 | I I 1.082, 1.2280 I 1
, I , , 0.0241 1 0.002 , ,

I 2 12.311 O0.1e6 I I
-------------------4- . .- ~-------~ " ---------

1 0.0001! 1 1 1f.0591\ 1 1
1 0.0001 I 1 I 1.060o I 1
1 0.000! 1 1 1I0.001I/ 1 1
I 0.00! ____LI I

------------- 4--------4.---4-- ----- 4-----

13

14

15
1 0.2691 I 1
I 0.2771 I
I 0.008!
I 3.101 1 1
-- 7 - ------4---

R 10 M . .K j H0 G

bOASURED
SlkIMUPTE-3
ASS. 01FF. 43H
P.EL. 07FF. (100 183-541/MI

r E D C B A



Attachment 2
L-1 1-057
Page 18 of 35

Figure 11
Comparison between Measured and SIMULATE-3 Assembly-Average Power Distribution at

3.79 GWD/MTU Beaver Valley Unit 2 Cycle 13
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Figure 12
Comparison between Measured and SIMULATE-3 Assembly-Average Power Distribution at

EOC Beaver Valley Unit 2 Cycle 13
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Figure 13
Comparison between Measured and SIMULATE-3 Assembly-Average Power Distribution at

BOC Beaver Valley Unit 2 Cycle 14
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Figure 14
Comparison between Measured and SIMULATE-3 Assembly-Average Power Distribution at

4.06 GWD/MTU Beaver Valley Unit 2 Cycle 14
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Figure 15
Comparison between Measured and SIMULATE-3 Assembly-Average Power Distribution at

EOC Beaver Valley Unit 2 Cycle 14
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g. The last seven lines of the CASMO IFBA depletion results in the RAI-33
response appear to be duplicates of the preceding seven lines. Was
some other content intended?

Response

The last seven lines should have shown results for 5.0 wt%, instead, they repeated
the results for 4.5 wt% shown in the previous seven lines. The correct lines (for
5.0 wt%) are shown below. The omission of these lines did not affect the overall
conclusion; specifically, it does not change the bounding, case.

CASMO-4 Results for Reactibity Comparison of Calculations with and without IFBA

Reference Case (no IFBA) IFBA (IFBA B-10 removed in storage rack IFBA
Delta kinf Delta kinf

gwd/ (IFBA - (IFBA -

mtu wt% Input File kinf # IFBA Input File kinf noIFBA) # IFBA Input File kinf no.IFBA)
10 5 bv-dep-50-0-rack-creep 1.1178 200 bv-ifba200-out-50-0 1.1156 -0.0022 200 bv-ifba200-50-0-rack-creep 1.0335 -0.0843
15 5 bv-dep-50-0-rack-creep 1.0840 200 bv-ilba200-out-50-0 1.0828 -0.0011 200 bv-ifba200-50-0-rack-creep 1.0403 -0.0436
20 5 bv-dep-50-0-rack-creep 1.0524 200 bv-ilba200-out-50-0 1.0521 -0.0003 200 by-ifba200-50-0-rack-creep 1.0309 -0.0215
25 5 bv-dep-50-0-rack-creep 1.0226 200 bv-ifba200-out-50-0 1.0228 0.0002 200 bv-ifba200-50-0-rack-creep 1.0126 -0.0100
30 5 bv-dep-50-0-rack-creep 0.9940 200 bv-ifba200-out-50-0 0.9945 0.0005 200 bv-ilba200-50-0-rack-creep 0.9897 -0.0042
45 5 bv-dep-50-0-rack-creep 0.9133 200 bv-itba200-out-50-0 0.9146 0.0013 200 bv-ifba200-50-0-rack-creep 0.9142 0.0009
60 5 bv-dep-50-0-rack-creep 0.8419 200 bv-ifba200-out-50-0 0.8435 0.0017 200 b-ilba200-50-O-rack-creep 0.8435 0.0016

4. RAI-34: Response is adequate. However, WABA rods were evaluated at
only 2.6 and 3 wt%. It appears that the applicant does not intend to use
WABAs in the future. This restriction should be captured in the
"procedure" that will be used to screen future cycles.

Response

As part of the FENOC procedure, also referred to as the process in RAI 1 .b, the
evaluation of operational (depletion-related) parameters, such as not using WABAs,
is addressed.

5. RAI-38: Validation has been revised to address many of the issues and
concerns. The following issues resulted from a review of the revised
validation work:

a. Tables 7.1-8 and 7.2-8 include trending analysis results for multiple
subgroups, but look at only EALF for the overall set, which is the critical
experiment set used to derive the bias and bias uncertainty.

L Trending analysis of the overall set should have also included
enrichment, boron concentration, Plutonium (Pu) content
{g Pu/(g U + g pu)}, and pin pitch. Provide supplementary trending
analysis for the overall set. If the bias and bias uncertainty changes
as a result of the supplementary trending analysis, update the
criticality analysis to use the revised bias and bias uncertainty.
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Response

To address the various aspects of this RAI, the following changes were made to the
statistical analyses of the benchmarking calculations:

" Trending analyses of the overall set was expanded to include enrichment,
boron concentration, plutonium content, and pin pitch.

" Experiments that include neutron absorbers or reflectors not applicable to the
BVPS-2 analyses were removed from the set. This addresses RAI 5.b.

* Experiments that were recommended not to be used in Section 3.2 of
NUREG/CR-6979 were also removed from the set. This addresses RAI 5.c.

The resulting set still contains 165 experiments. The overall bias and bias
uncertainty (95/95 level) of those experiments is 0.0012 ± 0.0086, which is essentially
the same as the bias and bias uncertainty used previously, which was 0.0013 ±
0.0086. The results of the trending analyses are summarized in the following table:

[[[ PROPRIETARY
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I]]]

Therefore, in summary, the revised statistical and trend analyses of the benchmark
experiments result in a bias and bias uncertainty of 0.0029 ± 0.0078, without any
significant trends.

If this revised bias would be applied to the previous calculations, the calculated
maximum keff values would increase by 0.0016 delta-k (0.0029 - 0.0013) due to the
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increase in bias 1 , if no other changes are made, and if the burnup and soluble boron
requirements are maintained. Those burnup and soluble boron requirements were
based on maximum keff values of 0.995 and 0.945, respectively. Applying the revised
bias would increase those values to 0.9966 and 0.9466, respectively, which still
maintains those values below the corresponding regulatory limits. Expressed
differently, the analyses contain sufficient margin to accommodate the revised bias,
without the need to adjust the required burnup or soluble boron levels. It is therefore
not considered necessary to update the criticality analyses. Additionally, please see
the discussion at the end of the response to RAI 5.e, where a combination of various
adjustments to biases and uncertainties is evaluated. This evaluation shows that the
combined effect of those adjustments in fact increases the margin; in other words, it
does not result in an increase of the previously calculated maximum keff values. The
criticality analysis therefore remains valid.

ii. Pu enrichment was listed in Tables 7.1-8 and 7.2-8, but was not

defined. Provide the definition for "Pu enrichment."

Response

The Pu enrichment is defined as Pu/(U+Pu).

b. The critical experiment set should have been evaluated to determine if
some of the experiments include significant features that are not present
in the BVPS-2 safety analysis cases and that could impact the bias and
bias uncertainty. For example, some of the Haut Taux de Combustion
(HTC) phase 3 and 4 experiments include neutron absorbers and/or
reflectors that are not present in the safety analysis models. Evaluate
the impact on the bias and bias uncertainty of including critical
experiments that vary significantly from the safety analysis cases.

Response

As discussed in the response to RAI 5.a.i, experiments with neutron absorbers and/or
reflectors that are not used in the safety analyses models are now excluded.

c. The HTC configurations that were used included some configurations
that Section 3.2 of NUREG/CR-6979 recommended not be used. Explain
and justify the use of these configurations.

Response

As discussed in the response to RAI 5.a.i, experiments that Section 3.2 of
NUREG/CR-6979 recommended not be used are now excluded.

d. Neither the revised report nor the revised validation provided in
Appendix E address the applicability of the validation to the BVPS-2
criticality safety analysis. This should be done by comparing and

'Additionally there would also be a small reduction due to the reduced uncertainty, but this is neglected here.
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contrasting the ranges of parameters in the BVPS-2 safety analysis and
in the set of critical experiments. Such parameters might include
enrichment, pin pitch, soluble boron concentration, Pu content, EALF,
fuel forms, absorber materials, etc. Note that Table 9-1 in Appendix E
appears to be presenting a comparison of the validation with some
generic criticality analysis. The design application column in this table
is not BVPS-2 specific. Provide a BVPS-2 specific analysis of the
applicability of the validation set.

Response

A comparison of the ranges of parameters in the BVPS-2 safety analyses and in the
set of critical experiments used to establish the bias and bias uncertainty is presented
in the table below.

Parameter BVPS-2 Validated by Benchmark
23!U, ZU,239pu'JF -4pu2~3U 2~U, 23 pU, 240 Pu,

Fuel Assemblies Fresh and Spent U0 2 fuel 24 1 pu' 2 4 2 pu, 2 4 1Am

Initial Fuel Enrichments 2.1 to 4.95 wt% < 5 wt%

Pu Content (Pu/(U+Pu)) 0 to 1.5% 0 to 20%
Rod ODtt 0.95 cm (0.374 inch (in)) 0.58 to 1.44 cm
Rod Pitch 1.26 cm (0.496 in) 0.97 to 2.0 cmt

Fuel Density 10.6312 g/cctt 9.2 to 10.7 g/cc

Burnup Range up to about 55 GWD/MTU 0 and 37.5 GWD/MTU,
for 4.95% enrichment MOXtt

Moderator Material Water Water

Soluble Boron 0 to 1212 ppm 0 to 2550 ppm

Neutron Poison B-10 (Metamic) B-SS, Boral, Cadmium

Interstitial Material Steel Steel or Lead
Fuel Cladding Zirconium Alloy Zirconium Alloy

Reflector Water Water, Steel, Lead

EALF Range, eVtt 0.2 to 0.4 0.07 to 1.52
Experiments with larger pitch values up to 4.32 cm were also analyzed but excluded from the

bias evaluation, see response to RAI 5.a.
t OD = outer diameter; g/cc = grams per cubic centimeter; MOX = Mixed Oxide fuel;

eV = electron volts.

Note that the benchmark calculations do not cover the entire burnup range used in
the design basis analyses. However, the benchmark calculations contain a
significant number of MOX critical experiments, with plutonium contents that cover
and in fact exceed that of spent fuel. The actinide composition of spent fuel is
therefore appropriately represented in the selection of benchmark experiments, and
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the plutonium content, not the burnup, is used as the appropriate parameter in the
trend analyses (see Response to RAI 5.a.i).

e. The analysis should identify any validation gaps (e.g. missing materials,
nuclides, and model features, etc.) and address what additional margin,
if any is needed to cover such gaps. For example, is margin needed to
cover fission product keff validation?

Response

The comparison of parameters presented in the response to RAI 5.d shows that
relevant parameters of the analyses are covered by the benchmarking calculations,
except for the depletion calculations and the fission product (including lumped fission
product) reactivity worth. The depletion uncertainty and the lumped fission
product (LFP) uncertainty were already considered in the analyses using appropriate
uncertainty terms when calculating the maximum kef values to establish the loading
curves. However, a term to account for the fission product (FP) reactivity worth
uncertainty had not been applied. To include the FP uncertainty, the approach for
the LFP uncertainty is used and expanded by adding remaining fission products
when determining the uncertainty. To that extent, additional MCNP calculations are
performed where fission products (lumped and individual) are removed. The
reactivity difference to the case with isotopes included is then calculated, multiplied
with an appropriate factor, and now used instead of the lumped fission product
uncertainty previously applied. The factor is determined in a similar way as that for
the LFPs, specifically, by combining the uncertainty from each isotope. However, the
isotopic composition in the fuel is used as the weighting factor when combining LFP
with the other FP uncertainties. This approach allows an easy combination of the
uncertainties for the LFPs and the other FPs, and ensures that the factor is
consistent with the actual fuel compositions. This is performed for three burnup and
enrichment combinations. Note that as for the method used for the LFP,
uncertainties are multiplied by two so they are valid at a 95/95 level. Results are
shown in the following table:

Enrichment, wt% U-235 Burnup, GWD/MTU Uncertainty in FP (including
LFP) cross sections, %

2.0 10 11.70

3.5 35 11.52

5.0 55 11.51

As a bounding value, a factor of 12 percent is therefore applied to the reactivity
difference between cases with and without FPs to determine the uncertainty of the
FP reactivity worth. This value is smaller than the value of 15 percent used for the
LFPs, since the other FPs have slightly smaller uncertainties than the LFPs, but
dominate the overall reactivity effect. Note that as was previously done for the LFPs
uncertainty, this approach is based on the conservative assumption that individual



Attachment 2
L-1 1-057
Page 30 of 35

uncertainties are perfectly correlated; in other words, that all cross sections are low at
the same time. Specifically, the uncertainty of the LFPs and the remaining FPs are
combined arithmetically, not statistically.

To show the effect of this revised uncertainty, together with the other changes
resulting from the RAI responses (revised bias and bias uncertainty from response to
RAI 5.a.i, and revised bias and additional uncertainty from the reactivity control
configurations), revisions of the tables that established the burnup requirements are
presented below. Specifically, the following changes were made from the original
versions of those tables:

* LFP uncertainty (15 percent) replaced by Fission Product uncertainty

(12 percent);

* Bias uncertainty from benchmarks changed from 0.0086 to 0.0078;

" Added uncertainty of 0.0011 for the reactivity control bias;

* Bias from benchmarks increased from 0.0013 to 0.0029;

" Bias from reactivity control reduced from 0.0063 to 0.0038, the maximum
value listed in the response to RAI 3;

" A new row was added to show the margin to the existing polynomial functions
for the loading curve.

* A conservatism in calculating reactivity differences between MCNP
calculations was removed 2;

There is remaining margin, ranging from 0.10 to 2.35 GWD/MTU, between the re-
calculated burnup values (including the 5 percent uncertainty) and the polynomial
functions for the loading curves. The loading curves previously proposed for the
BVPS-2 pool therefore remain valid.

2 Previously the combined uncertainty in the difference was added afterthe difference was multiplied with the
corresponding factor (for example, 5 percent, 15 percent), which overestimates the impact of this uncertainty.
Now this uncertainty is added before the multiplication is performed.
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Calculation of the Initial Enrichment and Burnup Combinations for Region 2, No Blankets Profile

Enrichment (wt%/o U-235) 2.0 2.5 3.0 3.5 4.0 4.5 5.0

Burnup (GWD/MTU) 10.0 20.0 30.0 35.0 40.0 45.0 55.0

Reactivity Unifbrm Profile 0.9688 0.9649 0.9585 0.9633 0.9649 0.9648 0.9577

Reactivity Segmented Profile 0.9676 0.9623 0.9577 0.9613 0.9620 0.9652 0.9616

Max Reactivity 0.9688 0.9649 0.9585 0.9633 0.9649 0.9652 0.9616

Burnup (GWD/MTU) 5.0 15.0 25.0 30.0 35.0 40.0 50.0

Reactivity Uniform Profile 0.9811 0.9758 0.9703 0.9721 0.9743 0.9756 0.9682

Reactivity Segmented Profile 0.9805 0.9738 0.9668 0.9699 0.9738 0.9756 0.9682

Max Reactivity 0.9811 0.9758 0.9703 0.9721 0.9743 0.9756 0.9682

Manufacturing Tolerances Uncertainty" 0.0037 0.0037 0.0037 0.0037 0.0037 0.0037 0.0037
Fuel Tolerances Uncertainy 0.0079 0.0079 0.0079 0.0079 0.0079 0.0079 0.0079
Metamic Measurement Uncertainty 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028

CASMO-4 Bias Uncertainty 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025
Calculation Uncertainty (a) 0.0006 0.0007 0.0006 0.0007 0.0007 0.0007 0.0007
Calculation Uncertainty (2y) 0.0012 0.0014 0.0012 0.0014 0.0014 0.0014 0.0014

Depletion Uncertainty keff 0.9978 1.0305 1.0594 1.0841 1.1030 1.1214 1.1385
Depletion y 0.0008 0.0007 0.0006 0.0007 0.0008 0.0007 0.0007

Depletion Uncertainty 0.0016 0.0034 0.0051 0.0061 0.0070 0.0079 0.0089
FP Uncertainty keff 0.9853 0.9978 1.0053 1.0164 1.0273 1.0285 1.0312
FP a 0.0006 0.0007 0.0006 0.0007 0.0006 0.0007 0.0007

FP Uncertainty 0.0022 0.0042 0.0058 0.0066 0.0077 0.0078 0.0086

Eccentric Fuel Positioning neg neg neg neg neg neg neg
MCNP Code Uncertainty 0.0078 0.0078 0.0078 0.0078 0.0078 0.0078 0.0078
Reactivity Control Bias Uncertainty 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011
TotalUncertainty(statistiticalcombination) 0.0127 0.0135 0.0146 0.0153 0.0162 0.0167 0.0175

Code Bias 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029
Temperature Bias" 0.0043 0.0043 0.0043 0.0043 0.0043 0.0043 0.0043
Reactivity Control Biast 0.0038 0.0038 0.0038 0.0038 0.0038 0.0038 0.0038

Total Corrections 0.0237 0.0245 0.0256 0.0263 0.0272 0.0277 0.0285

Maximum keff 0.9950 0.9950 0.9950 0.9950 0.9950 0.9950 0.9950

Target k-eff (0.995-corrections) 0.9713 0.9705 0.9694 0.9687 0.9678 0.9673 0.9665

Calculated Bumup (GWD/MTU) 8.98 17.45 25.39 31.96 38.46 43.98 51.33

Calculated Burnup (GWD/MTU) + 5% 9.43 18.32 26.66 33.56 40.39 46.18 53.89

BU=-0.8731 xA2+20.467x-26.25 11.19 19.46 27.29 34.69 41.65 48.17 54.26

Burnup Margin 1.77 1.14 0.63 1.13 1.26 1.99 0.37
it These values are the maximum from the entire burnup and enrichment range. .
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Calculation of the Initial Enrichment and Bumup Combinations for Region 2, Natural Blankets Profile

Enrichment (wt/oU-235) 2.0 2.5 3.0 3.5 14.0 4.5 15.0

Burnup (GWD/MTU) 10.0 20.0 30.0 35.0 40.0 45.0 55.0
Reactivity Uniform Profile 0.9664 0.9651 0.9602 0.9613 0.9647 0.9652 0.9592
Reactivity Segmented Profile 0.9672 0.9604 0.9558 0.9564 0.9587 0.9600 0.9533
Max Reactivity 0.9672 0.9651 0.9602 0.9613 0.9647 0.9652 0.9592

Burnup (GWD/MTU) 5.0 15.0 25.0 30.0 35.0 40.0 50.0
Reactivity Uniform Profile 0.9830 0.9770 0.9693 0.9716 0.9745 0.9779 0.9689
Reactivity Segmented Profile 0.9810 0.9732 0.9649 0.9670 0.9702 0.9694 0.9609
Max Reactivity 0.9830 0.9770 0.9693 0.9716 0.9745 0.9779 0.9689

Manufacturing Tolerances UncertaiWnt 0.0037 0.0037 0.0037 0.0037 0.0037 0.0037 0.0037
Fuel Tolerances Uncertainty 0.0079 0.0079 0.0079 0.0079 0.0079 0.0079 0.0079
Metamic Measurement Uncertainty 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028
CASMO-4 Bias Uncertainty 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025
Calculation Uncertainty (o) 0.0006 0.0007 0.0007 0.0007 0.0007 0.0008 0.0007
Calculation Uncertainty (2;) 0.0012 0.0014 0.0014 0.0014 0.0014 0.0016 0.0014
Depletion Uncertainty keff 0.9976 1.0312 1.0598 1.0821 1.1040 1.1213 1.1379
Depletion a 0.0007 0.0007 0.0007 0.0007 0.0007 0.0007 0.0007
Depletion Uncertainty 0.0016 0.0034 0.0051 0.0061 0.0071 0.0079 0.0090
FP Uncertaity keff 0.9835 0.9962 1.0075 1.0184 1.0288 1.0346 1.0387
FP a 0.0006 0.0006 0.0006 0.0006 0.0007 0.0006 0.0007
FP Uncertainty 0.0022 0.0040 0.0059 0.0071 0.0079 0.0086 0.0098
Eccentric Fuel Positioning neg neg neg neg neg neg neg
MCNP Code Uncertainty 0.0078 0.0078 0.0078 0.0078 0.0078 0.0078 0.0078
Reactivity Control Bias Uncertainty 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011
TotalUncertainty(statistiticalcombination) 0.0127 0.0135 0.0147 0.0156 0.0163 0.0171 0.0182

Code Bias 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029
Temperature Biast 0.0043 0.0043 0.0043 0.0043 0.0043 0.0043 0.0043
Reactivity Control Biast 0.0038 0.0038 0.0038 0.0038 0.0038 0.0038 0.0038

Total Corrections 0.0237 0.0245 0.0257 0.0266 0.0273 0.0281 0.0292
Maximum keff 0.9950 0.9950 0.9950 0.9950 0.9950 0.9950 0.9950
Target k-eff(0.995-corrections) 0.9713 0.9705 0.9693 0.9684 0.9677 0.9669 0.9658

Calculated Burnup (GWD/MTU) 8.70 17.72 24.98 31.53 38.49 44.31 51.60
Calculated Bumup (GWD/MTU) + 5% 9.13 18.60 26.22 33.11 40.41 46.53 54.18

BU=-0.8553x^2+20.418x-26.425 10.99 19.27 27.13 34.56 41.56 48.14 54.28

Bumup Margin 1.86 0.67 0.91 1.45 1.15 1.61 0.10
it These values are the mnaximum from the entire burniup and enrichment range.
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Calculation of the Initial Enrichment and Burnup Combinations for Region 2, Enriched Blankets Profile

Enrichment (wt /oU-235) 2.01 2.5 3.0 3.5 4.0 14.5 5.0

Bumup (GWD/MTLr) 10.0 20.0 25.0 35.0 40.0 50.0 55.0

Reactivity Uniform Profile 0.9690 0.9648 0.9669 0.9647 0.9662 0.9586 0.9619

Reactivity Segmented Profile 0.9661 0.9625 0.9652 0.9594 0.9612 0.9540 0.9568

Max Reactivity 0.9690 0.9648 0.9669 0.9647 0.9662 0.9586 0.9619

Burnup (GWD/MTU) 5.0 15.0 20.0 30.0 35.0 45.0 50.0
Reactivity Uniform Profile 0.9821 0.9768 0.9800 0.9741 0.9740 0.9675 0.9685

Reactivity Segmented Profile 0.9813 0.9754 0.9786 0.9684 0.9715 0.9630 0.9639

Max Reactivity 0.9821 0.9768 0.9800 0.9741 0.9740 0.9675 0.9685

Manufacturing Tolerances Uncertainty 0.0037 0.0037 0.0037 0.0037 0.0037 0.0037 0.0037
Fuel Tolerances Uncertainty 0.0079 0.0079 0.0079 0.0079 0.0079 0.0079 0.0079

Metamic Measurement Uncertainty" 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028 0.0028

CASMO-4 Bias Uncertainty 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025
Calculation Uncertainty (a) 0.0007 0.0006 0.0007 0.0007 0.0007 0.0006 0.0007
Calculation Uncertainty (2y) 0.0014 0.0012 0.0014 0.0014 0.0014 0.0012 0.0014
Depletion Uncertainty keff 0.9969 1.0304 1.0589 1.0846 1.1032 1.1228 1.1396
Depletion a 0.0007 0.0007 0.0007 0.0007 0.0007 0.0006 0.0007
Depletion Uncertainty 0.0015 0.0034 0.0047 0.0061 0.0069 0.0083 0.0090
FP Uncertainty keff 0.9860 0.9980 1.0107 1.0198 1.0265 1.0324 1.0401
FP a 0.0006 0.0007 0.0006 0.0007 0.0006 0.0007 0.0007

FP Uncertainty 0.0023 0.0042 0.0055 0.0068 0.0075 0.0091 0.0096
Eccentric Fuel Positioning neg neg neg neg neg neg neg

MCNP Code Uncertainty 0.0078 0.0078 0.0078 0.0078 0.0078 0.0078 0.0078
Reactivity Control Bias Uncertainty 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011
Total Uncertainty (statistitical combination) 0.0127 0.0135 0.0144 0.0154 0.0161 0.0175 0.0181

Code Bias 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029

Temperature Bias- 0.0043 0.0043 0.0043 0.0043 0.0043 0.0043 0.0043

Reactivity Control Biast 0.0038 0.0038 0.0038 0.0038 0.0038 0.0038 0.0038

Total Corrections 0.0237 0.0245 0.0254 0.0264 0.0271 0.0285 0.0291

Maximumkeff 0.9950 0.9950 0.9950 0.9950 0.9950 0.9950 0.9950

Target k-eff(0.995-corrections) 0.9713 0.9705 0.9696 0.9686 0.9679 0.9665 0.9659

Calculated Burnup (GWD/MTU) 9.13 17.63 23.96 32.94 38.89 45.54 51.97

Calculated Burnup (GWD/MTU) + 5% 9.58 18.51 25.15 34.59 40.83 47.82 54.57

BU=-0.8324xA2+20.523x-26.578 11.14 19.53 27.50 35.06 42.20 48.92 55.23

Burnup Margin 1.56 1.01 2.35 0.46 1.36 1.10 0.66

j These values are the maximwum rnom the entire btwnup and enrichment range.
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Figure 16
[[[PROPRIETARY
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Figure 17
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Em E K E Holtec Center, 555 Lincoln Drive West, Marlton, NJ 08053

H O LT EC Telephone (856) 797-0900

INTERNATIONAL Fax (856) 797-0909

Holtec International Document ID 1702-AFFI-14

AFFIDAVIT PURSUANT TO 10 CFR 2.390

I, Tammy S. Morin, being duly sworn, depose and state as follows:

(1) I have reviewed the information described in paragraph (2) which is sought to
be withheld, and am authorized to apply for its withholding.

(2) The information sought to be withheld is information provided with Holtec
letter 1702-14, specifically the information marked within RAI responses #3 and
#5, and Holtec Report HI-2084003R8.

(3) In making this application for withholding of proprietary information of which it
is the owner, Holtec International relies upon the exemption from disclosure set
forth in the Freedom of Information Act ("FOIA"), 5 USC Sec. 552(b)(4) and
the Trade Secrets Act, 18 USC Sec. 1905, and NRC regulations 1OCFR Part
9.17(a)(4), 2.390(a)(4), and 2.390(b)(1) for "trade secrets and commercial or
financial information obtained from a person and privileged or confidential"
(Exemption 4). The material for which exemption from disclosure is here sought
is all "confidential commercial information", and some portions also qualify
under the narrower definition of "trade secret", within the meanings assigned to
those terms for purposes of FOIA Exemption 4 in, respectively, Critical Mass
Energy Project v. Nuclear Regulatory Commission, 975F2d871 (DC Cir. 1992),
and Public Citizen Health Research Group v. FDA, 704F2dl280 (DC Cir.
1983).
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(4) Some examples of categories of information which fit into the definition of
proprietary information are:

a. Information that discloses a process, method, or apparatus, including
supporting data and analyses, where prevention of its use by Holtec's
competitors without license from Holtec International constitutes a
competitive economic advantage over other companies;

b. Information which, if used by a competitor, would reduce his expenditure
of resources or improve his competitive position in the design,
manufacture, shipment, installation, assurance of quality, or licensing of a
similar product.

c. Information which reveals cost or price information, production,
capacities, budget levels, or commercial strategies of Holtec International,
its customers, or its suppliers;

d. Information which reveals aspects of past, present, or future Holtec
International customer-funded development plans and programs of
potential commercial value to Holtec International;

e. Information which discloses patentable subject matter for which it may be
desirable to obtain patent protection.

The information sought to be withheld is considered to be proprietary for the
reasons set forth in paragraph 4.b, above.

(5) The information sought to be withheld is being submitted to the NRC in
confidence. The information (including that compiled from many sources) is of
a sort customarily held in confidence by Holtec International, and is in fact so
held. The information sought to be withheld has, to the best of my knowledge
and belief, consistently been held in confidence by Holtec International. No
public disclosure has been made, and it is not available in public sources. All
disclosures to third parties, including any required transmittals to the NRC, have
been made, or must be made, pursuant to regulatory provisions or proprietary
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agreements which provide for maintenance of the information in confidence. Its
initial designation as proprietary information, and the subsequent steps taken to
prevent its unauthorized disclosure, are as set forth in paragraphs (6) and (7)
following.

(6) Initial approval of proprietary treatment of a document is made by the manager
of the originating component, the person most likely to be acquainted with the
value and sensitivity of the information in relation to industry knowledge.
Access to such documents within Holtec International is limited on a "need to
know" basis.

(7) The procedure for approval of external release of such a document typically
requires review by the staff manager, project manager, principal scientist or
other equivalent authority, by the manager of the cognizant marketing function
(or his designee), and by the Legal Operation, for technical content, competitive
effect, and determination of the accuracy of the proprietary designation.
Disclosures outside Holtec International are limited to regulatory bodies,
customers, and potential customers, and their agents, suppliers, and licensees,
and others with a legitimate need for the information, and then only in
accordance with appropriate regulatory provisions or proprietary agreements.

(8) The information classified as proprietary was developed and compiled by Holtec
International at a significant cost to Holtec International. This information is
classified as proprietary because it contains detailed descriptions of analytical
approaches and methodologies not available elsewhere. This information would
provide other parties, including competitors, with information from Holtec
International's technical database and the results of evaluations performed by
Holtec International. A substantial effort has been expended by Holtec
International to develop this information. Release of this information would
improve a competitor's position because it would enable Holtec's competitor to
copy our technology and offer it for sale in competition with our company,
causing us financial injury.
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(9) Public disclosure of the information sought to be withheld is likely to cause
substantial harm to Holtec International's competitive position and foreclose or
reduce the availability of profit-making opportunities. The information is part of
Holtec International's comprehensive spent fuel storage technology base, and its
commercial value extends beyond the original development cost. The value of
the technology base goes beyond the extensive physical database and analytical
methodology, and includes development of the expertise to determine and apply
the appropriate evaluation process.

The research, development, engineering, and analytical costs comprise a
substantial investment of time and money by Holtec International.

The precise value of the expertise to devise an evaluation process and apply the
correct analytical methodology is difficult to quantify, but it clearly is
substantial.

Holtec International's competitive advantage will be lost if its competitors are
able to use the results of the Holtec International experience to normalize or
verify their own process or if they are able to claim an equivalent understanding
by demonstrating that they can arrive at the same or similar conclusions.

The value of this information to Holtec International would be lost if the
information were disclosed to the public. Making such information available to
competitors without their having been required to undertake a similar
expenditure of resources would unfairly provide competitors with a windfall,
and deprive Holtec International of the opportunity to exercise its competitive
advantage to seek an adequate return on its large investment in developing these
very valuable analytical tools.
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STATE OF NEW JERSEY )
ss.

COUNTY OF BURLINGTON )

Ms. Tammy S. Morin, being duly sworn, deposes and says:

That she has read the foregoing affidavit and the matters stated therein are true and
correct to the best of her knowledge, information, and belief.

Executed at Marlton, New Jersey, this 9th day of February, 2011.

Tammy S. Morin
Holtec International

Subscribed and sworn before me this day of 2011.
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