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AUDIT REPORT 

Fermi 3 Combined Operating License Application 

Audit of Soil Structure Interaction Analyses and Input Development 

 

Dates of Audit:  November 18 - 21, 2013 

Audit Location:  Sargent and Lundy (S&L), 55 E. Monroe Street, Chicago, Ilinois 

NRC Review Team: Tekia Govan (NRC Project Manager), Manas Chakravorty (NRC Technical 
Reviewer), Carl Costantino (BNL), and Manuel Miranda (BNL) 

Audit Scope 

The scope of the audit was to review the site-specific Soil Structure Interaction (SSI) analyses 
performed in support of the Fermi 3 Combined Operating License (COL) application, and in 
response to the NRC staff’s Request for Additional Information (RAI ) Letter Nos. 70, 79, 82, 
and 85. 

Specifically, the staff reviewed selected portions of the calculations that were prepared in 
support of the documentation provided to the staff in letters NRC3-13-0005, NRC3-13-0007, 
NRC3-13-00015, NRC3-13-00017, NRC3-13-00018, NRC3-13-00019, NRC3-13-00021, 
NRC3-13-00023, NRC3-13-00024, NRC3-13-00026, NRC3-13-00027, NRC3-13-00028, 
NRC3-13-00031, and NRC3-13-00032, as well as markups to the Final Safety Analysis Report 
(FSAR) Tier 2, Sections 3.7 and 3.8. 

See Tables 1 and 2 for the complete list of calculations available for NRC audit. 

Audit Summary 

Representatives from S&L, DTE Electric Company (DTE), AMEC, Black & Veatch (B&V), GE-
Hitachi (GEH), NRC, and Brookhaven National Laboratory (BNL) were present during the audit, 
including key technical personnel.  A list of attendees at the entrance and exit meetings is 
provided in Attachments 1 and 2. 

After introductions and a review of the agenda, NRC staff made some introductory remarks 
regarding the audit background, scope, and objectives.  Following these remarks, DTE and S&L 
presented a brief overview of the site-specific SSI analyses performed in support of the Fermi 3 
COL application. 

Next, the staff conducted a detailed review of selected portions of the calculations.  The staff 
focused on the following aspects during the review: 

• Follow-up actions from SASSI2010 verification and validation (V&V) Audit 
(March 19-21, 2013) 
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• Review of SSI inputs, development of strain iterated backfill/rock profiles, and analysis 
time histories 

• Review of benchmark studies for the RB/FB, CB, and FWSC, comparing SSI results 
obtained using Direct Method (DM) and Modified Subtraction Method (MSM) of 
SASSI2010 

• Review of SSI analysis of RB/FB and CB, with and without considering backfill 

• Review of SSSI analysis of CB model, and combined CB and FWSC model 

• Review of out-of-plane flexible floor slab and wall responses in the RB/FB and CB 

• Review of seismic lateral wall pressure results for RB/FB and CB, and comparison to 
wall design capacities documented in the ESBWR DCD 

• Review of seismic bearing pressure results for RB/FB and CB 

• Review of sliding and overturning stability evaluations for RB/FB and CB 

Details of the review and discussions are given in the following section. 

The audit concluded with an exit meeting that summarized the discussions and the disposition 
of the issues raised during the audit, which are summarized in Table 3.  A number of follow-up 
action items were identified and are also listed in Table 3. 

Following the audit, DTE submitted letter NRC3-13-0036, dated December 13, 2013, which 
addressed and documented the resolution of the action items; it also provided the supplemental 
information as discussed during the audit, including FSAR markups, as listed in Table 3. 

Detailed Review and Discussions 

Follow-up actions from SASSI2010 V&V Audit (March 19-21, 2013 

Selected portions of S&L Calculation SVVR03.7.316-1.0-250USER-M01, Revision 3 “Validation 
of SASSI2010 Version 1.0-250USER-M01” were reviewed. 

The staff reviewed the revisions to validation problems 2, 37, and 43, as well as the new 
validation problems 46 and 47, and confirmed the implementation of all action items from the 
SASSI2010 V&V Audit (March 19-21, 2013). 

Regarding new validation problem 47, described in letter NRC3-13-0023, dated July 9, 2013, 
the staff reviewed the horizontal and rocking coefficients for stiffness and damping computed 
independently using SASSI2010 (Direct Method) and the in-house code DIMFU.  Comparisons 
between SASSI2010 and DIMFU are reasonably good for values of the non-dimensional 
frequency parameter a0 up to 10, which corresponds to approximately 50 Hz for the LB rock 
profile.  One exception is the rocking stiffness where the results for DIMFU exhibit numerical 
instability and clearly deviate from the SASSI2010 solution above approximately a0=7; however, 
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the SASSI2010 solution remains numerically stable up to a0=10.  This is acceptable because 
the rocking response is not a significant contributor to the overall seismic response at the Fermi 
site, which is situated on rock. 

S&L also provided a zoom-in of the comparisons for values of a0 up to 3, to clarify the 
comparison plots in the calculations, which were not sufficiently visible in this range.  The staff 
confirmed the comparison results for this range also. 

Review of SSI inputs, development of strain iterated backfill/rock profiles, and analysis time 
histories 

Selected portions of B&V Calculations 147483.51.9066, Revision 1 “Fermi 3 CEUS SSC SSI 
Inputs” and 147483.51.9067, Revision 0 “Power Spectral Density of SSI Time Histories” were 
reviewed. 

To establish the enveloping of the PBSRS by the response spectra of the SSI input motions 
convolved from the elevation at the bottom of the basemat to the surface, the staff requested 
the digital data for FSAR Figures 3.7.1-230 and 231.  B&V and AMEC indicated that this 
information will be provided following the audit (Action Item 3.7-12). 

The staff identified an inconsistency in the number of rock damping layers between FSAR 
Tables 2.5.2-213 and 2.5.2-214, where it is stated there are 7 layers, and FSAR 
Tables 3.7.1-201, 3.7.1-202, and 3.7.1-203, where it is stated there are 4 layers.  B&V and 
AMEC explained that the 7 layers were approximated as 4 in the subsequent analysis in light of 
numerical values involved, which was confirmed by the staff. B&V and AMEC indicated that 
additional clarification will be provided in the FSAR to explain this approximation (Action 
Item 3.7-20). 

The staff reviewed the development of the strain iterated deterministic LB, BE, and UB 
backfill/rock profiles used in the SSI analysis.  However, the staff could not identify a description 
in the FSAR that clearly explained how the probabilistic site response analysis results were 
performed and combined to obtain the deterministic profiles, taking into account there are 
different hazard levels (10-4 and 10-5), high and low frequencies (HF, LF), de-aggregation events 
(DEH, DEL, DEM), various assumed rock damping ratios, as well as weights assigned to the 
three different backfill properties (LR, IR, UR). 

B&V and AMEC explained that separate probabilistic site response calculations were performed 
for the 10-4 HF, 10-4 LF, 10-5 HF, and 10-5 LF cases.  In each of these calculations, randomized 
profiles and time histories were generated with appropriate weights for each of the branches of 
the logic tree shown in FSAR Figure 3.7.1-210 (i.e, 3 rock damping ratios, 3 backfill properties, 
and 3 de-aggregation events).  The 16th, 50th and 84th percentile strain iterated results (from a 
total of 60x3x3x3=1620 SHAKE runs) thus capture all permutations of the logic tree with the 
correct weight factors.  Next, a linear combination of the results obtained for 10-4 and 10-5 
hazards, for both LF and HF cases, was performed in a way that each represents the relative 
weight of the PGA of the10-4 and 10-5 UHRS at the surface relative PGA of the PBSRS.  The 
rationale for using this linear combination is that the level of strain in the soil column is generally 
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proportional to PGA.  It was also noted that the LF results tended to produce slightly lower 
iterated velocities and higher damping values.  Finally, the minimum of LF and HF 16th 
percentile results were used to define the overall 16th percentile strain iterated profile (LB 
profile), the average of LF and HF 50th percentile results were used to define the overall 50th 
percentile strain iterated profile (BE profile), and the maximum of LF and HF 84th percentile 
results were used to define the overall 84th percentile strain iterated profile (UB profile).  B&V 
and AMEC indicated that additional clarification will be provided in the FSAR to explain this 
methodology (Action Item 3.7-21). 

The staff reviewed the power spectral density (PSD) function computations performed by B&V 
and AMEC, for the horizontal time histories that were spectrally matched to the “enhanced 
SCOR FIRS” for the RB/FB and CB.  The purpose of this computation was to identify any 
significant gaps in energy content in these time histories.  The staff noted that the Fast Fourier 
Transform (FFT) computations used to define the PSDs were performed for the entire duration 
of the time histories, and not for the near constant power portion (i.e., the strong motion window) 
per the guidance in SRP Section 3.7.1, Appendix A. 

B&V and AMEC re-computed the PSDs for time histories using the applicable guidance in SRP 
Section 3.7.1 and presented their results to the staff.  It was recognized that the spectrally 
matched time histories have a very long total duration (approx. 80 seconds) and clearly show 
non-stationary characteristics, with the high-frequency content decreasing after about 45 to 50 
seconds.  These characteristics were inherited from the seed records (corresponding to the 
1999 Chi-Chi, Taiwan, event) from which the time histories were generated.  A consequence of 
the non-stationarity is that the re-computed PSDs are sensitive to the definition and duration of 
the strong motion window used to define the PSD.  To account for this sensitivity, several strong 
motion windows were considered in the plots presented to the staff. 

The re-computed PSDs fall slightly below the previous PSDs shown in the FSAR; however, the 
only appreciable dip in energy content occurs below 1 Hz and above 25 Hz.  The reason for this 
dip is that some of the energy content at these frequencies occurs outside of the corresponding 
window used to define the PSD and thus cannot be represented in the plots.  This is a limitation 
of the methodology for computing the PSD, which presumes stationarity, and does not 
necessarily reflect a deficiency in the energy content of the time histories. 

The staff also indicated that the target PSDs in the current Revision 3 of SRP Section 3.7.1, 
Appendix B were being revised and should not be referenced in the FSAR.  B&V and AMEC 
indicated that the re-computed PSDs as well as additional explanations regarding the PSDs will 
be provided in the FSAR.  References to target PSDs from Revision 3 of SRP Section 3.7.1, 
Appendix B will be eliminated from the FSAR (Action Items 3.7-18 and 3.7-23). 

Review of benchmark studies for the RB/FB, CB, and FWSC, comparing SSI results obtained 
using Direct Method (DM) and Modified Subtraction Method (MSM) of SASSI2010 

Selected portions of S&L Calculations 2013-03371, Revision 1 “Benchmark of MSM SSI 
Analysis of Reactor Building/Fuel Building (Quarter Model),” 2013-03373, Revision 0 “Fermi 3 
ESBWR - Benchmarking of MSM SSI Analysis of Firewater Service Complex (Half Model),” and 
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2013-05804, Revision 0 “Fermi 3 ESBWR - Benchmarking of MSM SSI Analysis of Control 
Building” were reviewed. 

The staff reviewed the SSI benchmark studies performed to compare the more accurate direct 
method (DM) with the modified subtraction method (MSM) of SASSI2010.  In the case of the 
RB/FB quarter model study, two alternatives for the MSM were investigated: (a) MSM2 with 
layers of interaction nodes at the surface and at elevation -2.025m; and (b) MSM3 with layers of 
interaction nodes at the surface, at elevation -0.971m, and at elevation -2.025m (in addition to 
the boundary nodes of the excavated backfill/rock volume in both cases).  Comparison results 
between the DM, MSM2 and MSM3 in terms of transfer functions, floor response spectra (FRS), 
maximum accelerations, maximum member forces and moments, and wall pressures on the 
below-grade perimeter walls for the RB/FB were found to be consistent the information 
previously provided in letter NRC3-13-0017, dated May 3, 2013. 

To provide additional assurance in the results of the study of the RB/FB, the staff requested 
S&L to provide comparisons between the DM, MSM2 and MSM3 in terms of acceleration 
response spectra at a node located on the corner of the top surface of the excavated 
backfill/rock volume, opposite from where the lumped-mass stick is located (Action Item 3.7-26). 
S&L performed these additional comparisons and presented their results to the staff.  On this 
basis, the staff confirmed that the MSM2 is an acceptable method for purposes of the SSI 
analysis of the RB/FB with backfill considered. 

The staff could not identify in the FSAR a description of the benchmark studies performed for 
the RB/FB, CB, and FWSC.  S&L agreed to provide a description of benchmark studies 
performed in the FSAR (Action Item 3.7-14). 

Review of SSI analysis of RB/FB and CB, with and without considering backfill 

Selected portions of S&L Calculations 2013-01132, Revision 1 “Fermi 3 Seismic Analysis 
Criteria,” 2013-03369, Revision 0 “Fermi 3 ESBWR - Licensing Basis SSI Analysis of the 
Reactor Building/Fuel Building,” 2013-03370, Revision 0 “Fermi 3 ESBWR - Licensing Basis SSI 
Analysis of the Control Building,” 2013-03375, Revision 3 “Fermi 3 ESBWR - SSI Analysis with 
Engineered Backfill (UB and LB) of Reactor Building/Fuel Building (MSM),” and 2013-03376, 
Revision 0 “Fermi 3 ESBWR - SSI Analysis with Engineered Backfill (UB and LB) of the Control 
Building” were reviewed. 

The staff reviewed the SSI analysis calculations with emphasis on the verification of the 
following modeling aspects: (a) shell finite elements used in the modeling of the below-grade 
perimeter walls and basemat conform to the maximum aspect ratio 1:3 identified in the 
SASSI2010 V&V study; (b) brick finite elements used in the modeling of the excavated soil/rock 
volume conform to the maximum aspect ratio 1:3 identified in the SASSI2010 V&V study; (c) 
maximum horizontal or vertical dimensions of the brick finite elements used in the modeling of 
the excavated soil/rock volume are consistent with the passing frequency required for the SSI 
models (20% of the shear wavelength criteria, for a passing frequency of 50 Hz); (d) Poisson’s 
ratio of the soil/rock profiles conform to the maximum value of 0.48 identified in the SASSI2010 
V&V study; and (e) damping in the structure is limited to OBE levels (i.e., 4% for concrete, 3% 
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for welded steel), consistent with the “uncracked” stiffness assumption and the relatively low 
level of stresses induced by the seismic input. 

The staff confirmed that the SSI analysis models satisfy the above criteria, with the exception of 
the model with LB profile and backfill, in which the backfill layer thicknesses and excavated 
soil/rock volume mesh are the same as those of the UB profile and, therefore, the passing 
frequency for this instance is approx. 19 Hz, less than the passing frequency of 50 Hz 
considered for all other cases.  The staff accepted this deviation from the guidance in ISG-1 in 
its previous review of letters NRC3-13-0024, dated July 15, 2013, and NRC3-13-0026, dated 
July 25, 2013.  This issue is discussed in the staff’s SER. 

The staff reviewed the values of the “radius of the central zone” parameter (as described in the 
SASSI 2010 manual), considered for the excavated soil/rock volume mesh in the various SSI 
analysis cases.  These values of this analysis parameter were found to be appropriate for the 
characteristics of the uniform mesh of brick elements used in the SSI analysis cases. 

SSI analysis results in terms of transfer functions, floor response spectra (FRS), maximum 
accelerations, forces and moments in the structure, and wall pressures on the below-grade 
perimeter walls were found to be consistent with the information previously provided in letters 
NRC3-13-0024, dated July 15, 2013, and NRC3-13-0026, dated July 25, 2013.  However, the 
staff noted that there appeared to be discrepancies between the conclusions in the summary 
report SL011956 and the tabulated results for maximum accelerations and moments in the 
structure.  The staff requested S&L to review the conclusions in all the summary reports to 
assure that the stated margins between the site specific maximum accelerations and moments 
and the respective values in the ESBWR DCD are correctly stated.  S&L indicated it would 
revise S&L Report SL011956 to correct any typographical errors in the text; it was emphasized 
that the values in the calculations and in the tables are in fact correct (Action Item 3.7-29). 

The staff noted that the deterministic LB, BE, and UB backfill/rock profiles reported in the FSAR 
(Tables 3.7.1-207 through 3.7.1-211) did not exactly match the profiles used in the SSI analysis 
calculations.  S&L indicated that the profiles were slightly adjusted so that layer thicknesses and 
mesh dimensions would match the characteristics of the embedded portion of the structure as 
well as to ensure the maximum aspect ratio criteria for shell and brick finite elements identified 
in the SASSI2010 V&V study is met.  Adjustment of Vs and Vp properties was done on the 
basis of equivalent travel time; adjustment of density and damping properties was done on the 
basis of weighted average relative to layer thicknesses.  S&L also explained that an additional 4 
layers were added to the bottom of the profiles (for the RB/FB analysis only) to comply with SRP 
Section 3.7.2 requirements for total depth of the soil model from the top surface to the bottom 
half-space interface.  To evaluate the magnitude of the adjustments in the backfill/rock profiles, 
the staff requested S&L to provide plots in which the profiles reported in the FSAR and the 
profiles used in the SSI analysis calculations are superimposed (Action Item 3.7-19).  S&L 
provided these plots and the staff concluded that the magnitude of these adjustments was 
indeed very small. 

The staff could not identify in the FSAR a description indicating that the SSI and SSSI analysis 
models were based on “uncracked” stiffness properties for the structure (i.e., full value of the 
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Young’s modulus for concrete; this is the so-called “Base Model” in the ESBWR DCD 
Table 3A.6-1).  S&L agreed to provide an additional explanation in the FSAR to clarify this 
(Action Item 3.7-31). 

Review of SSSI analysis of CB model, and combined CB and FWSC model 

Selected portions of S&L Calculations 2013-07463, Revision 1 “Fermi 3 ESBWR - SSSI 
Analysis of CB (Effect of RB/FB) with Engineered Backfill,” and 2013-07464, Revision 0 
“Fermi 3 ESBWR - SSSI Analysis of CB-FWSC with Engineered Backfill” were reviewed. 

SSSI analysis results in terms of transfer functions, floor response spectra (FRS), maximum 
accelerations, forces and moments in the structure, and wall pressures on the below-grade 
perimeter walls were found to be consistent with the information previously reported in letter 
NRC3-13-0028, dated August 14, 2013. 

Review of out-of-plane flexible floor slab and wall responses in the RB/FB and CB 

Selected portions of S&L Calculation 2013-07634, Revision 0 “Evaluation of Oscillator's 
Acceleration and Response Spectra” were reviewed. 

The staff reviewed the site-specific spectral response of the single-degree-of-freedom (SDOF) 
oscillators that were used to represent the (vertical) out-of-plane dynamic response of flexible 
slabs in the RB/FB and CB, consistent with the corresponding ESBWR SSI analysis models 
documented in the ESBWR DCD.  It was determined that the site-specific spectral response is 
bounded by the ESBWR DCD envelope in all cases, by a considerable margin in general.  The 
critical oscillators with the lowest margins relative to the DCD envelope were identified as 
oscillators 9072 (elevation +22.5m) and 9092 (elevation +34m); however, even in these cases, 
reduced margins only occur at isolated frequencies. 

The staff determined that the calculations did not include the spectral response of SDOF 
oscillators representing the (horizontal) out-of-plane dynamic response of flexible walls in the 
RB/FB.  S&L explained that horizontal oscillators were not included in any of the SSI or SSSI 
models considered for the Fermi application because, in all cases, these models incorporate the 
ESBWR uncracked “Base Model” of the RB/FB structure, which does not include any horizontal 
SDOF oscillators; only the ESBWR cracked model of the RB/FB structure includes horizontal 
SDOF oscillators, as documented in the ESBWR DCD (RL-6 model in DCD Table 3.A.6-1), but 
this is not applicable to the Fermi analysis. 

The staff indicated that the Fermi application should address the response of both horizontal 
and vertical oscillators in the RB/FB and CB, to ensure that the site-specific spectral response of 
such oscillators remains bounded by the ESBWR DCD envelope.  S&L indicated that it would 
revise the response to RAI 03.07.02-9 to discuss both horizontal and vertical oscillators and to 
provide discussion of how site specific results are bounded by the DCD envelope for the 
horizontal oscillators, and make corresponding updates to the FSAR (Action Item 3.7-24). 

S&L also clarified that all Fermi subsystems, piping, equipment, and components supported on 
flexible slabs and walls in the RB/FB and CB will be designed to the ESBWR DCD envelope, 



- 8 -   
 

not to site-specific seismic inputs.  This clarification is already included in the response to 
RAI 03.07.02-9. 

Review of seismic lateral wall pressure results for RB/FB and CB, and comparison to wall 
design capacities documented in the ESBWR DCD 

Selected portions of S&L Calculation 2013-07635, Revision 0 “Evaluation of Adequacy of Wall 
Designs for Rock-Soil Pressures” were reviewed. 

The calculations were found to be consistent with the information previously reported in letter 
NRC3-13-0032, dated September 12, 2013.  The site-specific seismic lateral wall pressures 
determined from the SSI analysis of the RB/FB and CB exceeded in some cases the 
corresponding pressures documented in the ESBWR DCD at certain locations; however, when 
these pressures are applied to finite element models of the walls, the shear forces and bending 
moments induced in the walls for the site-specific case are bounded by corresponding shear 
forces and moments for the DCD case. 

S&L explained that in the ESBWR DCD, two kinds of seismic wall pressures were considered in 
the design: (a) seismic wall pressures reported in DCD Appendix 3G.1.5.2.1.13, and (b) so-
called “wall capacity passive pressures” reported in DCD Appendix 3G.1.5.5. These seismic 
wall pressures were added to soil at rest, hydrodynamic, and all other non-seismic wall 
pressures per the appropriate load combinations.  The staff noted that the term “passive 
pressure” used in item (b) typically refers to a limit-state estimate of soil pressure capacity and, 
as such, is typically used in design to account for the sum of static at rest plus dynamic wall 
pressures.  S&L recognized the ambiguity of the terminology used in the DCD, but provided 
internal documentation form GEH which clarified that so-called “wall capacity passive 
pressures” were added to soil at rest, hydrodynamic, and all other non-seismic wall pressures 
per the appropriate load combinations.  The approach used in the calculations is thus 
acceptable. 

S&L indicated that summary report SL-012018 will be revised to clarify that the comparison 
between Fermi 3 SSI wall pressures and DCD wall pressures is acceptable (a reference to 
internal documentation from GEH will be provided).  The FSAR will also be updated to indicate 
that the so-called “wall capacity passive pressures” reported in DCD Appendix 3G.1.5.5 are 
combined with at rest soil wall pressures in the design.  (Action Item 3.7-22). 

Review of seismic bearing pressure results for RB/FB and CB 

Selected portions of S&L Calculation 2013-07638, Revision 0, “Fermi 3 ESBWR - Evaluation of 
RB/FB and CB Foundation Stability” were reviewed. 

The calculations were found to be consistent with the information previously reported in letter 
NRC3-13-0032, dated September 12, 2013. 

S&L indicated that the response to RAI 03.07.02-9 and the FSAR will be updated to state that 
the site specific seismic bearing pressures (i.e., toe pressures) are bounded by corresponding 
values in the ESBWR DCD (Action Item 3.7-25). 
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Review of sliding and overturning stability evaluations for RB/FB and CB 

Selected portions of S&L Calculation 2013-07638, Revision 0, “Fermi 3 ESBWR - Evaluation of 
RB/FB and CB Foundation Stability” were reviewed. 

The calculations were found to be consistent with the information previously reported in letter 
NRC3-13-0032, dated September 12, 2013.  The staff review found that base friction 
considering a friction coefficient of 0.7 is sufficient to resist seismic base shear demands, with a 
safety factor of 1.1, without the need for additional contribution from the surrounding backfill or 
rock.  The only exception is the CB, which requires an additional horizontal resisting force Fr to 
attain a safety factor of 1.1.  The pressures imposed by Fr on the surrounding rock and on the 
concrete fill between the CB and RB/FB are relatively small but need to be accounted for. 

S&L indicated that the supplemental response to RAI 03.08.05-3, S&L Report SL012018, and 
FSAR Subsection 3.8.5.5.1 will be revised to reflect (1) that lateral loads on the concrete fill from 
the sliding stability evaluation are transferred through the concrete to the rock below by friction, 
(2) the rock around the CB is capable of resisting the bearing pressure, and (3) remove the 
reference to rock anchors.  The revision to S&L Report SL012018 will also include a clarification 
to the definition of Fr. (Action Item 3.7-28). 

Miscellaneous 

S&L indicated that FSAR Appendix 3C will be updated to describe the computer programs used 
for site specific seismic analysis (Action Item 3.7-13). 

S&L indicated that FSAR Subsection 3A.5 will be updated to reflect the use of SASSI2010, 
including the specific methods of analysis, which differs from the version of SASSI referenced in 
the ESBWR DCD (Action Item 3.7-30). 

GEH explained that acceptance criteria for the DCD ITAAC that references hurricane winds in 
light of the fact that Regulatory Guide (RG) 1.221 was determined to be not applicable to 
Fermi 3.  This is discussed in NRC Audit Report (ML12207A471). No further action is required 
(Action Item 3.7-15). 

B&V explained that reference to resolution of issues related to Alkalai-Silica Reaction is 
addressed in FSAR Subsection 2.5.4.5.4.2 Backfill Materials and Quality Control, page 2-1254, 
1st paragraph. No further action required (Action Item 3.7-16). 

B&V explained that reference to the statement that II/I structures are founded either on concrete 
fill or on rock is addressed in FSAR Subsection 2.5.4.12 Techniques to Improve Substructure 
Conditions, page 2-1272, last paragraph.  No further action required (Action Item 3.7-17). 
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TABLE 1 
List of B&V Calculations Available for Audit 

 
Calculation Number Revision Title 

147483.51.9041 1 Estimated Shear Wave Velocity of Backfill 
Surrounding Seismic Category I Structures for 
SSI Analysis

147483.51.9042 1 Estimated Compression Wave Velocity of Backfill 
Surrounding Seismic Category I Structures for 
SSI Analysis

147483.51.9047 0 Shear Wave Velocity Profile Weighting for the 
Backfill Surrounding Seismic Category I 
Structures

147483.51.9056 2 Two Dimensional Scaling Ratios for FWSC FIRS
147483.51.9059 1 Fill Concrete Parameters Under FWSC and 

Surrounding RB/FB and CB 
147483.51.9061 1 Calculations in Support of Response to RAI 

03.07.01-04
147483.51.9064 1 Fermi 3 CEUS SSC Site Response and 

Determination of FIRS, PBSRS, and GMRS
147483.51.9066 1 Fermi 3 CEUS SSC SSI Inputs 
147483.51.9067 0 Power Spectral Density of SSI Time Histories
147483.51.9068 0 Fermi 3 CEUS SSC Site Response and 

Determination of FIRS for FWSC 
147483.51.9070 0 Shear Wave Velocity Profile Weighting for the 

Backfill Surrounding Seismic Category I 
Structures – Comparison of Menq and Richart et 
al. Methods
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TABLE 2 
List of S&L Calculations Available for Audit 

 
Calculation Number Revision Title 

SVVR03.7.316-1.0-
250USER-M01 

3 Validation of SASSI2010 Version 1.0-250USER-
M01

2013-01132 1 Fermi 3 Seismic Analysis Criteria 
2013-03371 1 Benchmark of MSM SSI Analysis of Reactor 

Building/Fuel Building (Quarter Model) 
2013-03373 0 Fermi 3 ESBWR - Benchmarking of MSM SSI 

Analysis of Firewater Service Complex (Half 
Model)

2013-05804 0 Fermi 3 ESBWR - Benchmarking of MSM SSI 
Analysis of Control Building 

2013-03369 0 Fermi 3 ESBWR - Licensing Basis SSI Analysis 
of the Reactor Building/Fuel Building 

2013-03370 0 Fermi 3 ESBWR - Licensing Basis SSI Analysis 
of the Control Building

2013-03375 3 Fermi 3 ESBWR - SSI Analysis with Engineered 
Backfill (UB and LB) of Reactor Building/Fuel 
Building (MSM)

2013-03376 0 Fermi 3 ESBWR - SSI Analysis with Engineered 
Backfill (UB and LB) of the Control Building

2013-07463 1 Fermi 3 ESBWR - SSSI Analysis of CB (Effect of 
RB/FB) with Engineered Backfill 

2013-07464 0 Fermi 3 ESBWR - SSSI Analysis of CB-FWSC 
with Engineered Backfill

2013-07635 0 Evaluation of Adequacy of Wall Designs for 
Rock-Soil Pressures

2013-07638 0 Fermi 3 ESBWR - Evaluation of RB/FB and CB 
Foundation Stability

2013-07634 0 Evaluation of Oscillator's Acceleration and 
Response Spectra

2013-09240 0 Fermi 3 ESBWR - Comparisons of Envelope of 
SSI and SSSI Responses with DCD Responses
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TABLE 3 
Summary and Disposition of Issues Raised During the Audit 

Item (*) Issue Disposition 

3.7-12 Provide digitized data for FSAR Figures 
3.7.1-230 and 231 

The digitized data will be provided for 
docketing 

3.7-13 Review and update FSAR Appendix 3C 
as required 

FSAR Appendix 3C will be updated to 
describe the computer programs used for 
site specific seismic analysis 

3.7-14 Provide a description of MSM 
Benchmarking in the FSAR 

Description of MSM Benchmarking will be 
provided in the FSAR. 

3.7-15 Explain the acceptance criteria for the 
DCD ITAAC that references hurricane 
winds in light of the fact that RG 1.221 
was determined to be not applicable to 
Fermi 3 

Resolved based upon further review of the 
NRC Audit Report (ML12207A471). No 
further action required. 

3.7-16 Provide reference to resolution of issues 
related to Alkalai-Silica Reaction 

Addressed in FSAR Subsection 
2.5.4.5.4.2 Backfill Materials and Quality 
Control, page 2-1254, 1st paragraph.  No 
further action required. 

3.7-17 Provide reference to statement that II/I 
structures are founded either on 
concrete fill or on rock 

Addressed in FSAR Subsection 2.5.4.12 
Techniques to Improve Substructure 
Conditions, page 2-1272, last paragraph. 
No further action required. 

3.7-18 Review reference to PSD and statement 
regarding gaps in FSAR 

Refer to Action Item 3.7-23 

3.7-19 Make a plot of soil profiles used for SSI 
vs. Tables 207 -> 211 

Comparison plot provided.  No further 
action required. 

3.7-20 Provide documentation in FSAR that 
explains the change in the number of 
rock damping layers between FSAR 
Tables 2.5.2-213 and 2.5.2-214 and 
Tables 3.7.1-201, 3.7.1-202, and 3.7.1-
203 

Additional explanation will be provided in 
the FSAR. 

3.7-21 Provide additional FSAR description to 
document development of deterministic 
soil profiles (LB, BE, and UB)

Additional explanation will be provided in 
the FSAR. 

3.7-22 Show that comparisons between Fermi 3 
SSI wall pressures and DCD wall 
dynamic pressures are acceptable. If 
not, show wall designs per governing 
load combination (including Fermi 3 SSI 
wall pressures) are acceptable. 

Material provided that shows the wall 
passive pressure capacity is in addition to 
at rest soil pressure 
1.  Sargent & Lundy Report SL-012018 will 
be revised to include material to show 
comparisons between Fermi 3 SSI wall 
pressures and DCD wall dynamic 
pressures are acceptable (Reference to 
GEH documentation will be provided). 
2.  Update the FSAR to indicate that the 
DCD wall capacity passive pressure is 
combined with at rest soil pressure for wall 
designs
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3.7-23 Request that the PSD for the SSI input 
time histories be recomputed using only 
the defined near constant power portion 
of the time histories 

PSD for the SSI input time histories has 
been recomputed and discussion of the 
PSD check will be provided in the FSAR. 

3.7-24 RAI 03.07.02-9 discusses results for 
vertical oscillators. Provide a discussion 
for horizontal oscillators. 

Revise response to RAI 03.07.02-9 to 
discuss both horizontal and vertical 
oscillators and to provide discussion of 
how site specific results are bounded by 
the DCD results for the horizontal 
oscillators and make corresponding 
updates to the FSAR. 
Augment discussion with comparison of 
Fermi 3 floor response spectra and those 
from DCD and for one conservative case 
develop horizontal oscillator response 
based on floor input motion and compare 
to the DCD oscillator response. 

3.7-25 Confirm that the toe pressure used for 
the DCD concrete foundation design 
envelops the toe pressures from the site 
specific stability evaluation

Response to RAI 03.07.02-9 and FSAR 
will be updated to state that the site 
specific toe pressures are bounded by the 
DCD toe pressures

3.7-26 For the MSM Benchmarking study, 
provide ISRS (5% damping) at the 
corner of the RB/FB for the DM, MSM2 
and MSM3 models 

ISRS (5% damping) plots reviewed.  No 
further action required. 

3.7-27 For the RB/FB Benchmaking, assure 
that elements satisfying the passing 
frequency criteria are based upon all 
element dimensions, including both 
horizontal dimensions and thickness 

Calculations were presented showing that 
elements satisfying the passing frequency 
criteria are based upon all element 
dimensions, including both horizontal 
dimensions and thickness.  No further 
action required.

3.7-28 Confirm that the sliding forces from the 
Control Building are transferred to the 
rock and describe the transfer 
mechanism. 

The supplemental response to RAI 
03.08.05-3 included in NRC3-13-0032 
(Including S&L Report SL012018) and 
FSAR Subsection 3.8.5.5.1 will be revised 
to reflect (1) that lateral loads on the 
concrete fill from the sliding evaluation are 
transferred through the concrete to the 
rock below by friction, (2) the rock around 
the CB is capable of resisting the bearing 
pressure, and (3) remove the reference to 
rock anchors.  
The revision to S&L Report SL012018 will 
include a clarification to the definition of Fr.

3.7-29 Review the conclusions in the summary 
reports to assure that the margins 
between site specific accelerations and 
maximum moments and the respective 
DCD values are correctly stated

Revise S&L Report SL011956 to correct 
typographical error in the text.  The values 
in the calculation and the tables are 
correct. 
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3.7-30 Update FSAR Subsection 3A.5 to reflect 
use of SASSI2010 and method of 
analysis 

Updated FSAR Subsection 3A.5. 

3.7-31 Clarify FSAR to indicate that the stick 
model used in SSI and SSSI analysis 
cases (Base Model) corresponds to 
uncracked properties 

Additional explanation will be provided in 
the FSAR. 

(*) Item designation per action item list initiated by S&L 
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ATTACHMENT 1  
List of Participants at Entry Meeting, November 18, 2013 

 
 
Tekia Govan, Project Manager, BWR Projects Branch 
Manas Chakravorty Structural Engineering Branch 2, Technical Reviewer 
Carl Costantino NRC Consultant (BNL) 
Manuel Miranda NRC Consultant (BNL) 
 
DTE Electric Company  
Peter Smith 
Mike Brandon 
John Price 
 
AMEC E&I  
Bob Youngs 
 
Black & Veatch  
Brandon Gomer 
Ed Meyer 
 
GE Hitachi  
Taylor Blake 
 
Sargent & Lundy  
Farid Berry  
Delfo Bianchini 
Bob Hooks  
Randy Kurtz 
Javad Moslemian  
Jim McIntyre 
Joe Petrich  
Brian Renwick 
Surendra Singh 
Eric Weyhrich 
Ming Yang 
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ATTACHMENT 2 
List of Participants at Exit Meeting, November 21, 2013  

 
Tekia Govan, Project Manager, BWR Projects Branch 
Manas Chakravorty Structural Engineering Branch 2, Technical Reviewer 
Carl Costantino NRC Consultant (BNL) 
Manuel Miranda NRC Consultant (BNL) 
Adrian Muniz, BWR Projects Branch (via teleconference) 
Ronaldo Jenkins, BWR Projects Branch (via teleconference) 
 
DTE Electric Company  
Peter Smith 
Mike Brandon 
 
AMEC E&I  
Bob Youngs 
 
Black & Veatch  
Brandon Gomer 
Ed Meyer 
Steve Thomas (via teleconference) 
 
GE Hitachi  
Taylor Blake 
Walter (Skip) Schumitsch (via teleconference) 
 
Sargent & Lundy  
Bob Hooks  
Randy Kurtz 
Javad Moslemian  
Jim McIntyre 
Joe Petrich  
Brian Renwick 
Surendra Singh 

 Ming Yang 


