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AREVA NP Inc.

Response to Request for Additional Information No. 204
U.S. EPR Design Certification Application Page 2 of 4

Question 09.01.01-19:

In an email communication from Sandra Sloan (AREVA) to Joseph Colaccino (NRC), dated
June 6, 2008, AREVA requested NRC to review HOLTEC topical report UN-TR-08-001(P),
"Spent and New Fuel Storage Analysis for U.S.EPR", dated March 2008 under the U.S.EPR
Design Certification review (Docket 52-020) in support of FSAR Section 9.1.1. This report had
been initially submitted as a part of the Calvert Cliffs Unit 3 COL application (Docket 52-016) on
March 14, 2008 by UniStar letter UN#08-005. As such, it is presented as a site-specific
preliminary topical report and not as a generic design applicable to all US EPR sites. It was
understood that AREVA's intention is to convert the topical report to a generic technical report in
support of its EPR FSAR review. Accordingly, the NRC requests AREVA to submit the
technical report that captures the following items:

(a) The technical report should be generic to the EPR design and not site-specific

(b) All analyses presented in the report must be final and reviewed by AREVA following
appropriate QA procedures instead of preliminary as currently stated

(c) Responses to RAls previously submitted should be incorporated as necessary
In addition to revising the technical report, AREVA should similarly revise Section 9.1.1 of the
EPR FSAR. In particular, this section should present high level discussion addressing how the
AREVA spent fuel pool design satisfies each of the areas of review listed in SRP Section 9.1.1.

The UN-TR-08-001 technical report should be referenced as the technical basis for the high
level conclusions presented in the FSAR.

Response to Question 09.01.01-19:

A response to this question will be provided by June 25, 2009.
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Question 09.01.01-20:

Provide a more detailed description of the validation of the codes used in this analysis (i.e.
MCNP and CASMO). For example, Section 4.2 states that benchmark calculations were used
to determine the bias and uncertainty for MCNP4a. As a minimum, a description of the
benchmark cases and their relation to the EPR spent fuel pool analysis is necessary to ensure
applicability.

Response to Question 09.01.01-20:

The validation of MCNP4a is provided as a separate document (listed as Appendix 4A)
including a description of the benchmark cases and their applicability to the U.S. EPR spent fuel
pool. This is the same validation report that Holtec has provided on all spent fuel storage rack
criticality analyses for the last several years.

CASMO-4 is used in this application to determine reactivity differences for temperature
variation, manufacturing tolerances, depletion uncertainty and to calculate the isotopic inventory
of the spent fuel for use in MCNP4a. References [1] and [2] are Studsvik proprietary documents
related to the appropriateness of CASMO-4 for calculating the multiplication factor, ke These
references were previously provided to the NRC in support of staff approval of EMF-2158 as
documented in letter “Document Control Desk ATTN: Chief, Planning, Program and
Management Support Branch, Subject: Transmittal of Copies of CASMO-4 Benchmark Reports
Relevant to EMF-2158(P) Revision 0 “Siemens Power Corporation Methodology for Boiling
Water Reactors: Evaluation and Validation of CASMO-4/MICROBURN-B2,” from J.A.
Umbarger, dated April 30, 1999.

Holtec International has been using the CASMO-4 code since approximately mid-1999 for
calculating the reactivity effects of manufacturing tolerances, moderator temperature and
depletion effects. CASMO-4 has been previously used and approved by the USNRC over the
past 10 years on multiple licensing efforts by Holtec International for spent fuel storage racks.
Specifically, CASMO-4 has been reviewed and approved for use on the following PWR spent
fuel pool analyses for calculating the reactivity effect of moderator manufacturing tolerances,
moderator temperature and depletion effects:

e Crystal River 3, e V.C. Summer,

e Arkansas Nuclear 1 & 2, e Three Mile Island,
e Harris, e Comanche Peak,
e St Lucie, e Davis-Besse,

¢ Diablo Canyon, ¢ Robinson, and

e Turkey Point, e Sequoyah.

From the above list of plants, the following specific subset of NRC issued SERs and
amendment approval references are identified where CASMO-4 and MCNP4a have been used
by Holtec International for spent fuel pool criticality analyses:
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e F.E. Saba (NRC) to J.S. Forbes (Entergy) dated January 26, 2007, “ARKANSAS NUCLEAR
ONE, UNIT NO.1 — ISSUANCE OF AMMENDMENT FOR USE OF METAMIC® POISON
INSERT ASSEMBLIES IN THE SPENT FUEL POOL (TAC NO. MD2674).”

o K.N. Jabbour (NRC) to C. M. Crane (Amergen) dated October 31, 2005, “CLINTON POWER
STATION, UNIT 1 — ISSUANCE OF AN AMENDMENT —RE: ONSITE SPENT FUEL
STORAGE EXPANSION (TAC NO. MC4202).”

¢ S.N. Baily (NRC) to D. E. Young (Crystal River) dated October 25, 2007, “CRYSTAL RIVER,
UNIT 3 — ISSUANCE OF AMENDMENT REGARDING FUEL STORAGE PATTERNS IN
THE SPENT FUEL POOL (TAC NO. MD3308).”

The U.S. EPR spent fuel pool racks are similar in material and geometric configuration as those
spent fuel racks used at other PWRs identified above. The use of CASMO-4 by Holtec
International for spent fuel pool licensing activities on these PWR plants, and NRC approval of
that use, provides the justification for using CASMO-4 for relative reactivity calculations for the
U.S. EPR spent fuel pool analysis.

References for Question 09.01.01-20:
1.  D. Knott, “CASMO-4 Benchmark Against Critical Experiments”, SOA-94/13, Studsvik of
America, Inc., (proprietary).

2. D. Knott, “CASMO-4 Benchmark Against MCNP,” SOA-94/12, Studsvik of America, Inc.,
(proprietary).

3. Appendix 4A—BENCHMARK CALCULATIONS (Attached).

FSAR Impact:

Neither the U.S. EPR FSAR nor Holtec Technical Report UN-TR-08-001(P) will be changed as
a result of this question.



APPENDIX 4A: BENCHMARK CALCULATIONS

4A.1 INTRODUCTION AND SUMMARY

Benchmark calculations have been made on selected critical experiments, chosen, in so far
as possible, to bound the range of variables in the rack designs. Two independent methods
of analysis were used, differing in cross section libraries and in the treatment of the' cross
sections. MCNP4a [4A.1] is a continuous energy Monte Carlo code and KENO5a [4A.2]
uses group-dependent cross sections. For the KENOS5a analyses reported here, the 238-
group library was chosen, processed through the NITAWL-II [4A.2] program to create a
working library and to account for resonance self-shielding in uranium-238 (Nordheim
integral treatment). The 238 group library was chosen to avoid or minimize the errorst

(trends) that have been reported (e.g., [4A.3 through 4A.5]) for calculations with collapsed
Cross section sets.

In rack designs, the three most significant parameters affecting criticality are (1) the fuel
enrichment, (2) the '°B loading in the neutron absorber, and (3) the lattice spacing (or
water-gap thickness if a flux-trap design is used). Other parameters, within the normal
range of rack and fuel designs, have a smaller effect, but are also included in the analyses.

Table 4A.1 summarizes results of the benchmark calcuilations for all cases selected and
analyzed, as referenced in the table. The effect of the major variables are discussed in
subsequent sections below. It is important to note that there is obviously considerable
overlap in parameters since it is not possible to vary a single parameter and maintain

criticality; some other parameter or parameters must be concurrently varied to maintain
criticality. '

One possible way of representing the data is through a spectrum index that incorporates all
of the variations in parameters. KENOS5a computes and prints the "energy of the average
lethargy causing fission" (EALF). In MCNP4a, by utilizing the tally option with the
identical 238-group energy structure as in KENOS5a, the number of fissions in each group
may be collected and the EALF determined (post-processing).

Small but observable trends (errors) have been reported for calculations with the
27-group and 44-group collapsed libraries. These errors are probably due to the
use of a single collapsing spectrum when the spectrum should be different for the
various cases analyzed, as evidenced by the spectrum indices.

Holtec International Proprietary Information Appendix 4A, Page 1



Figures 4A.1 and 4A.2 show the calculated k., for the benchmark critical experiments as a
function of the EALF for MCNP4a and KENO?5a, respectively (UO, fuel only). The
scatter in the data (even for comparatively minor variation in critical parameters)
represents experimental error' in performing the critical experiments within each
laboratory, as well as between the various testing laboratories. The B&W critical
experiments show a larger experimental error than the PNL criticals. This would be

expected since the B&W criticals encompass a greater range of critical parameters than the
PNL criticals.

Linear regression analysis of the data in Figures 4A.1 and 4A.2 show that there are no
trends, as evidenced by very low values of the correlation coefficient (0.13 for MCNP4a
and 0.21 for KENOS5a). The total bias (systematic error, or mean of the deviation from a
k. of exactly 1.000) for the two methods of analysis are shown in the table below.

Calculational Bias of MCNP4a and KENO5a

MCNP4a S 0.0009+0.0011
KENO5a 0.0030+0.0012

The bias and standard error of the bias were derived directly from the calculated k., values
in Table 4A.1 using the following equations', with the standard error multiplied by the
one-sided K-factor for 95% probability at the 95% confidence level from NBS Handbook

91 [4A.18] (for the number of cases analyzed, the K-factor is ~2.05 or slightly more than
2).

k= -'11- > & (4A.1)

A classical example of experimental error is the corrected enrichment in the PNL

experiments, first as an addendum to the initial report and, secondly, by revised values in
subsequent reports for the same fuel rods.

t These equations may be found in any standard text on statistics, for example, reference

[4A.6] (or the MCNP4a manual) and is the same methodology used in MCNP4a and in
KENOS5a.

Holtec International Proprietary Information Appendix 4A, Page 2



(4A.2)

Bias = (1- k) = K o (4A.3)

where k; are the calculated reactivities of n critical experiments; o, is the unbiased
estimator of the standard deviation of the mean (also called the standard error of the bias
(mean)); K is the one-sided multiplier for 95% probability at the 95% confidence level
(NBS Handbook 91 [4A.18]).

Formula 4.A.3 is based on the methodology of the National Bureau of Standards (now
NIST) and is used to calculate the values presented on page 4.A-2. The first portion of the
equation, ( 1- k), is the actual bias which is added to the MCNP4a and KENOS5a results.
The second term, Koy, is the uncertainty or standard error associated with the bias. The K
values used were obtained from the National Bureau of Standards Handbook 91 and are for
one-sided statistical tolerance limits for 95% probability at the 95% confidence level. The
actual X values for the 56 critical experiments evaluated with MCNP4a and the 53 critical
experiments evaluated with KENO5a are 2.04 and 2.05, respectively.

The bias values are used to evaluate the maximum k. values for the rack designs.
KENOS5a has a slightly larger systematic error than MCNP4a, but both result in greater
precision than published data [4A.3 through 4A.5] would indicate for collapsed cross
section sets in KENO5a (SCALE) calculations.

4A.2 ct ic t

The benchmark critical experiments include those with enrichments ranging from 2.46 w/o
to 5.74 w/o and therefore span the enrichment range for rack designs. Figures 4A.3 and
4A.4 show the calculated k. values (Table 4A.1) as a function of the fuel enrichment
reported for the critical experiments. Linear regression analyses for these data confirms
that there are no trends, as indicated by low values of the correlation coefficients (0.03 for
MCNP4a and 0.38 for KENO5a). Thus, there are no corrections to the bias for the various
enrichments.
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As further confirmation of the absence of any trends with enrichment, a typical
configuration was calculated with both MCNP4a and KENO5a for various enrichments.
The cross-comparison of calculations with codes of comparable sophistication is suggested
in Reg. Guide 3.41. Results of this comparison, shown in Table 4A.2 and Figure 4A.5,
confirm no significant difference in the calculated values of k., for the two independent
codes as evidenced by the 45° slope of the curve. Since it is very unlikely that two
independent methods of analysis would be subject to the same error, this comparison is
considered confirmation of the absence of an enrichment effect (trend) in the bias.

4A.3 Effect of "B Loading

Several laboratories have performed critical experiments with a variety of thin absorber
panels similar to the Boral panels in the rack designs. Of these critical experiments, those
performed by B&W are the most representative of the rack designs. PNL has also made
some measurements with absorber plates, but, with one exception (a flux-trap experiment),
the reactivity worth of the absorbers in the PNL tests is very low and any significant errors
that might exist in the treatment of strong thin absorbers could not be revealed.

Table 4A.3 lists the subset of experiments using thin neutron absorbers (from Table 4A.1)
and shows the reactivity worth (Ak) of the absorber."

No trends with reactivity worth of the absorber are evident, although based on the
calculations shown in Table 4A.3, some of the B&W critical experiments seem to have
unusually large experimental errors. B&W made an effort to report some of their
experimental errors. Other laboratories did not evaluate their experimental errors.

To further confirm the absence of a significant trend with !°B concentration in the
absorber, a cross-comparison was made with MCNP4a and KENO5a (as suggested in Reg.
Guide 3.41). Results are shown in Figure 4A.6 and Table 4A.4 for a typical geometry.
These data substantiate the absence of any error (trend) in either of the two codes for the

conditions analyzed (data points fall on a 45° line, within an expected 95% probability
limit).

The reactivity worth of the absorber panels was determined by repeating the calculation

with the absorber analytically removed and calculating the incremental (Ak) change in
reactivity due to the absorber.

Holtec International Proprietary Information Appendix 4A, Page 4



4A.4 Miscellaneous and Minor Parameters
4A.4.1 Reflector Material and Spacings

PNL has performed a number of critical experiments with thick steel and lead reflectors.’
Analysis of these critical experiments are listed in Table 4A.5 (subset of data in Table
4A.1). There appears to be a small tendency toward overprediction of k. at the lower
spacing, although there are an insufficient number of data points in each series to allow a
quantitative determination of any trends. The tendency toward overprediction at close
spacing means that the rack calculations may be slightly more conservative than otherwise.

4A.4.2 Fuel Pellet Diameter and Lattice Pitc

The critical experiments selected for analysis cover a range of fuel pellet diameters from
0.311 to 0.444 inches, and lattice spacings from 0.476 to 1.00 inches. In the rack designs,
the fuel pellet diameters range from 0.303 to 0.3805 inches O.D. (0.496 to 0.580 inch
lattice spacing) for PWR fuel and from 0.3224 to 0.494 inches O.D. (0.488 to 0.740 inch
lattice spacing) for BWR fuel. Thus, the critical experiments analyzed provide a reasonable
representation of power reactor fuel. Based on the data in Table 4A.1, there does not
appear to be any observable trend with either fuel pellet diameter or lattice pitch, at least
over the range of the critical experiments applicable to rack designs.

4A.4.3 B C i ffe

Various soluble boron concentrations were used in the B&W series of critical experiments

and in one PNL experiment, with boron concentrations ranging up to 2550 ppm. Results of

MCNP4a (and one KENOS5a) calculations are shown in Table 4A.6. Analyses of the very

high boron concentration experiments (> 1300 ppm) show a tendency to slightly

overpredict reactivity for the three experiments exceeding 1300 ppm. In turn, this would

suggest that the evaluation of the racks with higher soluble boron concentrations could be
slightly conservative.

t Parallel experiments with a depleted uranium reflector were also performed but not

included in the present analysis since they are not pertinent to the Holtec rack design.
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4A.5 MOX Fuel

The number of critical experiments with PuO, bearing fuel (MOX) is more limited than for
UO, fuel. However, a number of MOX critical experiments have been analyzed and the
results are shown in Table 4A.7. Results of these analyses are generally above a k. of
1.00, indicating that when Pu is present, both MCNP4a and KENO5a overpredict the
reactivity. This may indicate that calculation for MOX fuel will be expected to be
conservative, especially with MCNP4a. It may be noted that for the larger lattice spacings,
the KENO5a calculated reactivities are below 1.00, suggesting that a small trend may exist
with KENOSa. It is also possible that the overprediction in k., for both codes may be due
to a small inadequacy in the determination of the Pu-241 decay and Am-241 growth. This
possibility is supported by the consistency in calculated k. over a wide range of the
spectral index (energy of the average lethargy causing fission).
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Table 4A.2

COMPARISON OF MCNP4a AND KENO5a CALCULATED REACTIVITIES'
FOR VARIOUS ENRICHMENTS

Calculated k,, + 10
Enrichment | MCNP4a KENOSa
3.0 0.8465 + 0.0011 0.8478 + 0.0004
3.5 0.8820 + 0.0011 0.8841 + 0.0004
3.75 0.9019 + 0.0011 0.8987 + 0.0004
4.0 0.9132 + 0.0010 0.9140 + 0.0004
4.2 0.9276 + 0.0011 0.9237 + 0.0004
4.5 0.9400 + 0.0011 0.9388 + 0.0004
t Based on the GE 8x8R fuel assembly.
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Table 4A.3

MCNP4a CALCULATED REACTIVITIES FOR
CRITICAL EXPERIMENTS WITH NEUTRON ABSORBERS

Ak MCNP4a
Worth of Calculated EALF'
Ref. Experiment Absorber Kyr V)
4A.13 PNL-2615 | Boral Sheet 0.0139 0.9994 +0.0012 | 0.1165
4A.7 B&W-1484 | Core XX - 0.0165 1.0008+0.0011 | 0.1724
4A.13 PNL-2615 | 1.62% Boron-steel 0.0165 0.9996+0.0012 | 0.1161
4A.7 B&W-1484 | Core XIX 0.0202 0.9961+0.0012 0:.2103
4A.7 B&W-1484 | Core XXI 0.0243 0.9994 +0.0010 | 0.1544
4A.7 B&W-1484 | Core XVII 0.0519 0.9962+0.0012 | 0.2083
4A.11 PNL-3602 | Boral Sheet 0.0708 0.9941+0.0011 | 0.3135
4A.7 B&W-1484 | Core XV 0.0786 0.9910+0.0011 | 0.2092
4A.7 B&W-1484 | Core XVI 0.0845 0.9935+0.0010 | 0.1757
4A.7 B&W-1484 | Core XIV 0.1575 0.9953+0.0011 | 0.2022
4A.7 B&W-1484 | Core XIII 0.1738 1.00201+0.0011 | 0.1988
4A.14 PNL-7167 | Expt 214R flux trap 0.1931 0.9991+0.0011 | 0.3722

TEALF is the energy of the average lethargy causing fission.
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Table 4A.4

COMPARISON OF MCNP4a AND KENOS5a

CALCULATED REACTIVITIES' FOR VARIOUS °B LOADINGS

Calculated k,; + 10
B, g/cm? MCNP4a KENO5a
0.005 1.0381 + 0.0012 1.0340 + 0.0004
0.010 0.9960 + 0.0010 0.9941 + 0.0004
0.015 0.9727 + 0.0009 0.9713 + 0.0004
0.020 10.9541 + 0.0012 0.9560 + 0.0004
0.025 0.9433 + 0.0011 0.9428 + 0.0004
0.03 0.9325 + 0.0011 0.9338 + 0.0004
0.035 0.9234 :t 0.0011 0.9251 + 0.0004
0.04 0.9173 £ 0.0011 0.9179 + 0.0004
t Based on a 4.5% enriched GE 8x8R fuel assembly.
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CALCULATIONS FOR CRITICAL EXPERIMENTS WITH

Table 4A.5

THICK LEAD AND STEEL REFLECTORS'

Separation,
Ref. Case E, wt% cm MCNP4a k. KENOS5a k.,
4A.11 Steel 2.35 1.321 0.9980+0.0009 0.9992 4-0.0006
Reflector
2.35 2.616 0.9968 +0.0009 0.9964 +0.0006
2.35 3.912 0.9974+0.0010 0.99804-0.0006
2.35 o0 0.9962 1+0.0008 0.9939 4+0.0006
4A.11 Steel 4.306 1.321 0.9997+0.0010 1.0012 +0.0007
Reflector
4.306 2.616 0.9994 +0.0012 0.99744+0.0007
4.306 3.405 0.9969+0.0011 0.9951+0.0007
4.306 00 0.991040.0020 0.9947+0.0007
4A.12 Lead 4.306 0.55 1.002540.0011 0.9997+0.0007
Reflector
4.306 1.956 1.00004-0.0012 0.9985+0.0007
4.306 5.405 0.9971+0.0012 0.9946 +0.0007

Arranged in order of increasing reflector-fuel spacing,

Holtec International Proprietary Information
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Table 4A.6

CALCULATIONS FOR CRITICAL EXPERIMENTS WITH VARIOUS SOLUBLE

BORON CONCENTRATIONS
Calculated k,;
Boron
Concentration,
Reference | Experiment | ppm MCNP4a KENOS5a

4A.15 PNL-4267 0 0.9974 + 0.0012 -
4A.8 B&W-1645 886 0.9970 + 0.0010 0.9924 + 0.0006
4A.9 B&W-1810 1337 1.0023 + 0.0010 -
4A.9 B&W-1810 1899 1.0060 + 0.0009 -
4A.15 PNL-4267 2550 1.0057 + 0.0010 -

Holtec International Proprietary Information
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Table 4A.7

CALCULATIONS FOR CRITICAL EXPERIMENTS WITH MOX FUEL

MCNP4a KENOSa
Reference Case' Ker EALF" Ko EALF"
PNL-5803 { MOX Fuel - Exp. No. 21 1.0041 :t0.00il 0.9171 1.0046+0.0006 0.8868
-1l MOX Fuel - Exp. No. 43 1.0658 +0.0012 0.2968 1.0036 +0.0006 0.2944
MOX Fuel - Exp. No. 13 1.0083 +0.0011 0.1665 0.9989+0.0006 0.1706
MOX Fuel - Exp. No. 32 1.0079+0.0011 0.1139 0.9966 +0.0006 0.1165
WCAP- Saxton @ 0.52" pitch 0.9996 +0.0011 0.8665 1.0005 +£0.0006 0.8417
?::53? Saxton @ 0.56" pitch 1.0036+0.0011 0.5289 1.0047 £0.0006 0.5197
Saxton @ 0.56" pitch borated | 1.0008+0.0010 0.6389 NC NC
Saxton @ 0.79" pitch 1.0063 +£0.0011 0.1520 1.0133+0.0006 0.1555

Note: NC stands for not calculated

Tt

Arranged in order of increasing lattice spacing.

EALF is the energy of the average lethargy causing fission.
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