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ABSTRACT 

By letter dated July 31, 2020 (Agency-wide Documents Access and Management 

System (ADAMS) Accession No. ML20223A016) (Reference 1), Framatome, Inc. 

submitted Topical Report (TR) ANP-10348P, Revision 0, "Fluence Methodologies'for 

SLR," (ADAMS Package Accession No. ML20223A019) (Reference 2) to the U.S. 

Nuclear Regulatory Commission (NRG) for review and approval for licensing 

applications. ANP-10348P provides improved computational methods and qualification 

for application of Framatome's reactor vessel neutron fluence methods to subsequent 

license renewal (SLR) applications. The NRG staff made six requests for additional 

information (RAls) (ML21043A060) (Reference 3). 

The responses to these RAls are provided herein. 

J 
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1.0 INTRODUCTION 

Page 1-1 

By letter dated July 31, 2020 (Agency-wide Documents Access and Management 

System (ADAMS) Accession No. ML20223A016) (Reference 1), Framatome, Inc. 

submitted Topical Report (TR) ANP-10348P, Revision 0, "Fluence Methodologies for 

SLR," (ADAMS Package Accession No. ML20223A019) (Reference 2) to the U.S. 

Nuclear Regulatory Commission (NRG) for review and approval for licensing,_ 

applications. ANP-10348P provides improved computational methods and qualification 

for application of Framatome's reactor vessel neutron fluence methods to subsequent 

license renewal (SLR) applications. The NRG staff made six requests for additional 

information (RAls) (ML21043A060) (Reference 3). 

Information considered proprietary to Framatome in the following discussions is 

enclosed in brackets [ ] . J 
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2.0 REGULATORY REQUIREMENTS SUMMARY 

Page 2-1 

The NRC Requests for Additional Information (RAls) are reproduced from Reference 3 

in Sections 2.1.1, 2.2.1, 2.3.1, 2.4.1, 2.5.1, and 2.6.1 .· Responses are in Sections 2.1.2, 

2.2.2, 2.3.2, 2.4.2, 2.5.2, and 2.6.2. 

2.1 RAl-1 

2.1.1 Statement of RAJ 

The specific locations of the entries in Table 3-5, "Measurement Uncertainties," that 

have been disregarded as "BAD" are not clear, nor is the basis for discarding the data. 

Therefore, the NRC staff is unable to infer, from the table alone, that the missing data 

are appropriate to disregard. Provide a figure that indicates the locations of the "BAD" 

data and explain how the remaining data set provides adequate measurement data 

against which to qualify the SOLIDWORKS, VICTORIA, ADVANTG, MCNP (SVAM) 

methodology for its intended purpose. 

2.1.2 Response to RAJ 

Data are considered "BAD" when they clearly do not follow the expected trend. As 

described in Section 3.5.2, it is quite common for radiation reaction values above and 
/ 

below the fuel-beltline to be significantly lower than the beltline's mean value. 

Therefore, the relative standard deviation increases for locations further away from the 

core. 

The laboratory standard deviation in Table 3-5 of ANP-10348P represents an average 

of the 'Z)N and XY symmetrical chains. Figure 2-1 shows the actual measurement data 

from the lab for the 'Z).N chain (Reference 4). The laboratory standard deviation is listed 

in the second column, labeled"% Error Mn-54". [ 

] 
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Figure 2-1 
Chain Z.W Lab Results 

The locations of these bad data are significantly outside of the region of interest, with 

projected 72 EFPY fluences significantly lower than 1x1017 n/cm2
. Figure 2-2 shows the 

relative location of the bad data points. The "Reference" point or plane is at the reactor 

vessel flange mating surface. -[ 

\ 

] The other "BAD" data is located below the bottom head of the reactor 

vessel. [ 

] 
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[ 

] In locations where there is "BAD" measurement uncertainty 

data, the statistical model is used. [ 

] 

In summary, the Davis Besse experiment included a large number of extended beltline 

dosimeters. [ 

] 

Given the large number of extended beltline dosimeters, the handful of bad data points 

do not impact Framatome's overall calculational uncertainty. 
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Figure 2-2 
Location of "BAD" data points relative to the vessel mating surface 

Page 2-4 
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2.2 RAI-2 

2.2.1 Statement of RA/ 

The modeling· described in Chapter 4, "SVAM Methodology/ and the benchmarking 

results provided in Chapter 5, "Benchmarks," appear to demonstrate that the SVAM 

methodology [ 

] 

Provide additional information to clarify the intended, generic applicability of SVAM, and 

delineate further, appl)cant/licensee action items required to broaden that applicability. 

2.2.2 Response to RA/ 

The precision of Framatome's two fluence methodologies is quantified in the benchmark 

databases. For SVAM, the benchmark database is presented in Table 5-2 of ANP-

10348P. This Table shows that fluences calculated with the SVAM methodology are 

consistent with Framatome's existing benchmark database. For the DORT 

methodology, the benchmark database is presented in Table A-1 of BAW-2241 P. As 

explained in ANP-10348P, Section 4.3: 

I 
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"The fue/-beltline benchmark results for SVAM [ 

J As shown by the dosimetry data in Figure 1-1, [ 

1 
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Deterministic neutron transport codes are not inherently conservative compared to 

Monte Carlo codes. In fact, Oak Ridge, in Reference 5, has shown that the symmetric 

quadratures typically used for neutron fluence calculations produce non-conservative 

results in the nozzle region. [ ' 

] Although the extended beltline data used to make this conclusion was 

obtained from Davis Besse, the findings apply to all reactor types. No further applicant/ 

licensee actions are required to broaden the applicability of ANP-10348P to other 

reactor types. 

2.3 RAl-3 

2.3.1 Statement of RA/ 

Based on 'its review of the modeling discussion in Sections 4.3.2, "Cross-Sections & 

Materials," through 4.3.5, "SOLIDWORKS-VICTORIA," the NRC staff was unable to 

determine whether the geometric modeling approach described (in particular, in Section 

4.3.5, was sufficiently detailed as to adhere to Regulatory Position 1.1.1, "Materials and 

Geometry,~ and the problem geometry guidance contained in Regulatory Position 1.3.2, 

"Monte Carlo Transport Calculation/ of NRC Regulatory Guide (RG) 1.190, 

"Calculational and Dosimetry Methods for Determining Pressure Vessel Neutron 

Fluence.~ Provide additional details about the development of the geometric model, its 

translation into MCNP and ADVANTG input, and the associated geometry verification. 
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2.3.2 Response to RA/ 

Framatome's SVAM fluence methodology is consistent with the guidance of RG 1.190. 

Regarding Regulatory Position 1.1.1, the geometry models are developed using the 

best-available design drawings of the fuel, reactor internals, reactor vessel, and cavity 

region. [ ,. 

] 

Framatome's SVAM fluence methodology is also consistent with the guidance provided 

in Regulatory Position 1.3.2, "Monte Carlo Transport Calculation." [ 

] 
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Framatome obtains flux results using cell and mesh tallies. Each tally is checked to 

ensure that all statistical tests are satisfactory. The tally size is selected to ensure the 

size of the tally region does not introduce a bias into the flux estima~e. 

2.4 RAl-4 

2.4.1 Statement of RAJ 

Based on the modeling description in Section 4.3.4, "ADVANT~," the NRG staff was 

unable to determine whether the variance reduction techniques provide adequate 
I 

weight windows and source biasing parameters, as described in Regulatory Position 

1.3.2, "Monte Carlo Transport Calculation," of RG 1.190. Provide a more detailed 

description of the ADVANTG modeling to explain how it provides adequate weight 

windows and source biasing parameters for the MCNP solution, such that Regulatory 

Position 1.3.2 is satisfied. 

2.4.2 Response to RAJ 

SVAM uses a hybrid, Deterministic- Monte Carlo approach for neutron transport. Due 

to the complexity of the computer models, most of the process is automated. Figure 2-3 

provides an oveiview of the process. The backbone of the process is the FW-CADIS 

methodology, which is implemented in ADVANTG. In the FW-CADIS method, 

Reference 6, "forward information (e.g., flux, dose) is used to define an appropriate 

response (adjoint source) to be used in a deterministic adjoint calculation to generate 

the adjoint importance function for achieving uniform particle density (or response) 

throughout the system. With this method it is possible ,to optimize for distributions, such 

as flux or dose rate distributions throughout a problem, as well as multiple individual 

responses, such as response at multiple localized detectors or spectra, simply 
', 

depending on how the adjoint source is defined. The FW-CADIS method requires two 

(one forward and one adjoint) deterministic calculations, prior to the Monte Carlo 

simulation. Once the adjoint (importance) function is determined, the CADIS 

methodology is used to calculate consistent source and transport (weight windows) 

space- and energy-dependent biasing parameters." 
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Figure 2-3 
SVAM Calculational Work Flow1. 

1 Steps required to generate global flux results with SVAM. 
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SVAM's automated process ensures that the DENOVO input parameters are consistent 

with the MCNP model. Where appropriate, the DENOVO input parameters are 

consistent with the recommendations of Regulatory Guide 1.190. Table 2-1 shows a 

comparison of various parameters for the discrete ordinates portion of the SVAM 

methodology described in ANP-10348P, the DORT-Synthesis methodology from BAW-

2241 P-A and Regulatory Guide 1.190. The parameters used in the DENOVO sequence 

are similar to those Framatome uses in the BAW-2241 P-A methodology and those 

mentioned in the Reg. Guide. The DENOVO result with the values shown are sufficient 

to produce reasonable results for creating weight windows and source biasing for the 

MCNP cases. 

Cross section 
library 

Spatial 
discretization 

Quadrature 

Order of the 
Legendre 
scattering angle 
expansion 

Tolerance 

Mesh size 

Table 2-1 
Parameter Comparison 

ADVANTG/Denovo BAW-2241 

BUGLE96 BUGLE96 

[ [ 
] ] 

[ [ 

] ] 

[ ] [ ] 

[ ] [ ] 

[ - [ 
] ] 

Reg Gulde 1.190 

Weighted difference 

S8 (48 angle) 

' 

1.0E-03 

Varying, 
Up to 2 inch (5 cm) axially, 
Up to ½ inch (0.85 cm) in 
water, 
Up to ½ inch (1.27 cm) in 
steel 
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A common assumption that is made with hybrid Monte Carlo - Detem,inistic 

calculations is that suitable weight windows will accelerate the problem, but won't bias 

the results (Reference 6). A series of sensitivity calculations were performed to verify 

this assumption. [ 

] The resulting acceleration parameters produced 

by ADVANTG (source bias and weight windows) did not introduce a bias to the MCNP 

tally results. [ 

1 

2.5 RAl-5 

2.5.1 Statement of RA/ 
I 

[ 

1 

2.5.2 Response to RAJ 

The NRC had a similar question (number 7) during their Audit Meeting, from February 1 

through February 5, 2021: 
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Provide a description of the present me'thod for bias evaluation and removal for 

SVAM as described on Page 4-18 (At present, the SVAM bias removal function 

is directly related to the MERLIN bias removal function. However, in the future, a 

generic, continuous energy, bias removal function will be applied to SVAM. ") 

During the discussion of NRC Audit Question 7, the NRC noted that [ 

] 

[ 

] 

[ 

] The processing had not been completed by the end of 

the Audit Meeting on February 5, 2021. J 

[ 

] Regulatory Guide 1.190 Regulatory Positions 1.4.1 and 1.4.3, the "Analytic 

Uncertainty Analysis," and "Estimate of Fluence Calculational Bias and Uncertainty" 

respectively. 
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Regulatory Positions 1.4.1 and 1.4.3 in Regulatory Guide 1.190, "Calculational and 

Dosimetry Methods for Determining Pressure Vessel Neutron Fluence", provide the_ 

following information with respect to bias: 

1.4.1 Analytic Uncertainty Analysis 

The known systematic errors (or biases) should be combined algebraically, 

recognizing the sign of each contribution, to determine the overall calculational 

bias B~. 

1.4.3 Estimate of Fluence Calculational Bias and Uncertainty 

[ 

The overall fluence calculation bias ac and uncertainty ac must be determined by 

an appropriate combination of (1) the analytic uneertainty analysis results of 

Regulatory Position 1.4.1 (B~ and <ra) and (2) the results of the uncertainty 

analysis based on the' comparisons to the operating reactor and simulator 

benchmark measurements of Regulatory Position 1.4.2 (Bg and a'1J. This 

combination may be a weighted average that accounts for the reliability of the 

individual estimates. The bias ac may be applied as a multiplicative correction to 

the calculated fluence to determine the best-estimate value, and cr should be 

used (when required) as the (1-sigma) uncertainty in the calculated best-estimate 

fluence. 

] 
\. 

BAW-2241 P-A, beginning at the bottom of page D-64 notes there is evidence of a bias 

as a function of energy. [ 

] The BAW-2241 P-A evaluation of 

biases fulfilled the requirement in Regulatory Positions 1.4.1 and 1.4.3; the systematic 

errors (or biases) have been determined. 
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The discussion in BAW-2241 P-A continues at the bottom of page 0-65 [ 

] 

During the NRC's review of BAW-2241 P-A, the NRC requested that- "The bias 

removal function within the energy range greater than 1.0 MeV, needs to be explained." 

The explanation begins at the bottom of page D - 73. "The bias, the bias removal 

function that is used to eliminate the bias, and the application of the bias removal 

function to obtain best-estimate fluences, was previously presented to the NRC." The 

discussion of the bias removal function in BAW-2241 P-A continued with the derivation 

of the function, including Equations D.20 through D.30. It ended on page D - 80 with 

Table D-2, which provides [ ] 

As explained in Section 4.5, "Best-Estimate Fluence", of ANP-10348P, the functional 

cause of the [ r 

] 

[ 

] 
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[ 

] It is not dependent on the input procedures in any specific 

computer code. [ 

J 

] 

[ 

] Because of the obvious difference, Framatome agreed that they would 

evaluate the [ 

] 

The results from the application of [ 

] 
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[ 

] 

2.6 RAl-6 

Energy> 1.0 MeV Fluence Rates 

At the Vessel Inside Surface 

2.6.1 Statement of RA/ 

Page 2-17 

Section 6.7, "Calculational Methods and Procedures," of ANP-10348P identifies a 

source of variation in SVAM's calculational methods and procedures. Somewhat 

analogously, Regulatory Position 1.3.2, "Monte Carlo Transport Calculation," of RG 

1.190, provides five representative statistical tests use to ensure tally convergence. 
' 

While Section 6.7 of the TR describes how variations in the MCNP solution are 

translated into the uncertainty estimate, the NRG staff did not locate any discussion in 

Chapter 4, "SVAM Methodology," for example, that describes how SVAM calculations 

are ensured to be a·ppropriately converged, such that a reliable estimate of the variation 

is obtained. Provide additional information describing how the calculations are verified 

to be converged, such that the effects of variation as described in Section 6. 7 are 

estimated reliably. 



u 
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2.6.2 Response to RAJ 

NRG Regulatory Guide 1.190, "Calculational and Dosimetry Methoqs for Determining 

Pressure Vessel Neutron Fluence", provides the following ipformation with respect to 

Regulatory Position 1.3.2, "Monte Carlo Transport Calculation": 

(1) The flux mean should not have a significant monotonic dependence (either 

increasing or decreasing) on N for the last half of the problem, 

(2) The percent relative error of the mean flux should be Jess than ~10%, except for 

point detectors for which it should be Jess than ~5%, 

(3) The relative error should have a ~ j 1 / N dependence for the last half of the 

problem, 

(4) The. figure of merit (FOM), which is defined as 

(5) 

1 
FOM = 

where R is the relative error and Tis the problem computing time, should not have 
(' 

a significant monotonic dependence on N for the last half of the problem, and 

The VO V (variance of the variance) should be Jess than ~O. 10 for all tallies and 

decrease as ~1/N for the last half of the problem. 

The nomenclature in Regulatory Guide 1.190 and the "Fluence Methodologies for SLR" 

topical report follows that in the MCNP manual (Reference 7 in Section 9 of topical 

report ANP-10348P). The term "tally" is used to refer to an edit of a result. The five 
- \ 

tests of "convergence", which are listed above, are intended to show that the relative 

random uncertainty (the precision) in the flux, reaction rate, etc., at a tally location is a 

valid estimate. 
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The importance of the relative root mean deviation (R, or a % in the topical) being 

"converged" is that it provides a degree of confidence that the mean value of the flux is 

- appropriately bracketed by the ± estimate of R, or a %. Regulatory Guide 1.190 
' 

references the MCNP manual (Reference 7 in Section 9 of the TR) as the basis for the 

five statistical tests. The MCNP manual explains that the above five tests along with 

five other tests (checks) are part of the output for each tally. At present, MCNP prints 

the results for all 10 statistical tests with a "yes" or "no" as part of its output. 
, 

The output's "tally fluctuation charts (TFC)" provide the results for the 10 statistical tests. 

Moreover, MCNP includes the appropric!te ~harts as part of "print table 161 ". The tally 

fluctuation charts satisfy Regulatory Position 1.3.2 in Regulatory Guide 1.190. As 

suggested by the NRC, "When performing Monte Carlo pressure vessel fluence 

calculations, all statistical tests provided by the Monte Carlo code should be satisfied or 

justification for accepting the results should be reported." 

[ 

] 

However, as the NRC is aware, the procedures for reviewing the tally fluctuation charts 

are based on the Monte Carlo analyses predicting flux, reaction rate results, etc., 

without any other information. As the MCNP manual points out, the tally's relative root 

mean deviation (R, or a % in the topical) can show "convergence" but the mean value of 
- . 

the flux could be biased. "The quality of the confidence interval cannot be guaranteed 

because portions of the problem phase space possibly still have not been sampled." 

This means that MCNP's "converged" result can be incorrect (biased). The most 

important part of the Framatome procedure for meeting the Regulatory Position 1.3.2 

convergence criteria is to review [ 

] 
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The measured results have an unbiased answer that is "converged" to the standard 

deviation specified in the "Fluence Methodologies for SLR" topical report. When the 

MCNP results are equivalent to the measurements, within the statistical uncertainty· 

criteria, then the MCNP calculations have met the Regulatory Position 1.3.2 

convergence criteria. 

[ 

] This is particularly important with respect to 

"mesh talliei;" which do not have tally fluctuation charts. When MCNP's ± estimate of 

R, or a% is combined with the statistical uncertainty in the "Fluence· Methodologies for 

SLR" topical report, the tally value for the flux, reaction rates, etc., meets the accuracy 

and precision criteria suggested by Regulatory Position 1.3.2. Framatome's. fluence -

radiation dose values are thereby appropriate for safety analysi~. Framatome only 

- employs fluence methodologies that have benchmark results to measurements. -
I , 

( 
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