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Mr. Mark McBurnett, Vice President 
    Regulatory Affairs 
Nuclear Innovation North America, LLC 
P.O. Box 289 
Wadsworth, TX 77483 
 
SUBJECT:  REGULATORY AUDIT SUMMARY OF SOUTH TEXAS PROJECT, 

UNITS 3 AND 4 COMBINED LICENSE APPLICATION – SEISMIC 
DESIGN AND ANALYSES 

 
Dear Mr. McBurnett: 
 
By letter dated September 20, 2007, STP Nuclear Operating Company (STPNOC) 
submitted to the U.S. Nuclear Regulatory Commission (NRC) a Combined License 
(COL) application to construct and operate two reactor units (Units 3 and 4) based on 
the U.S. Advanced Boiling Water Reactor (ABWR) Design Certification at the South 
Texas Project Nuclear Power Plant.  The NRC Office of New Reactors (NRO) is 
reviewing the South Texas Project (STP) Units 3&4 COL application that incorporates by 
reference the ABWR Design Control Document (DCD).  As part of this review, the NRO 
Structural Engineering Branch 2 (SEB2) conducted an audit of the documentation 
supporting the seismic design of the STP COL application in Chapters 3.7 and 3.8.  The 
audit was conducted at the Sargent & Lundy office in Chicago, Illinois, from March 14, 
2011 to March 18, 2011.  The NRC staff followed the guidance in NRO Office Instruction 
NRO-REG-108, “Regulatory Audits,” in performing this audit.  Enclosure 1 is a list of the 
NRC and Nuclear Innovation North America, LLC (NINA)  team participating in the audit.  
Enclosure 2 is the detailed results of the audit.   
 
Please contact Tom Tai at (301) 415-8484 or Tom.Tai@nrc.gov if you have any 
questions related to the audit. 
 
 

Sincerely, 
 
 
 

Mark Tonacci, Chief 
BWR Projects Branch  
Division of New Reactor Licensing 
Office of New Reactors 
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 1 Enclosure 1 

LIST OF PARTICIPANTS 
REGULATORY AUDIT OF SOUTH TEXAS PROJECT, UNITS 3 AND 4 COMBINED 

LICENSE APPLICATION – SEISMIC DESIGN AND ANALYSES 
 

Name Organization 

John E. Price NINA - Licensing 

Scott Head NINA 

David Dujke NINA 

James Fiskar TANE 

P. K. Agraval Sargent & Lundy 

Javad Moslemian Sargent & Lundy 

Robert Hooks Sargent & Lundy 

Surendra Singh Sargent & Lundy 

Delfo Blanchini Sargent & Lundy 

R. L. Kurtz Sargent & Lundy 

Mark Santschi Sargent & Lundy 

Anthony Neri Sargent & Lundy 

Mike Shewski Sargent & Lundy 

Lauren Zavadsky Sargent & Lundy 

John McLean Sargent & Lundy 

Paula Scholl Sargent & Lundy 

Lisa Cleveland Sargent & Lundy 

Sara Walsh Sargent & Lundy 

Brian McDonald EXPONENT 
Robert E. Smith, Jr. MACTEC 
James R. Starnes, Jr. MACTEC 
Said Bolourchi SGH 
Dan Eggers SGH 
Tomokazu Higuchi Toshiba 
Nish Vaidya Paul C. Rizzo Associates 
Kim Hawkins NRC 
Tom Tai NRC 
Manas Chakravorty NRC 
Samir Chakrabarti NRC 
M. K. Ravindra NRC/ERI 
Basilio Sumodobila NRC/SC Solution 
Mansour Tabatabaie NRC/SC Solution 
Peter Arnold NRC/Astral Engineering 
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DETAILED AUDIT RESULTS FOR SEISMIC DESIGN AND ANALYSES 

 
March 14 - 18, 2011 

 
1. Introduction 
 

On September 20, 2007, STP Nuclear Operating Company (STPNOC) submitted to 
the U.S. Nuclear Regulatory Commission (NRC) a Combined License (COL) 
application to construct and operate two reactor units (Units 3 and 4) based on the 
U.S. Advanced Boiling Water Reactor (ABWR) Design Certification at the South 
Texas Project Nuclear Power Plant.  The NRC Office of New Reactors (NRO) is 
reviewing the South Texas Project (STP) Units 3&4 COL application that 
incorporates by reference the ABWR Design Control Document (DCD).  As part of 
this review, the NRO Structural Engineering Branch 2 (SEB2) conducted an audit of 
the documentation supporting the seismic design of the STP COL application in 
Chapters 3.7 and 3.8.  The audit was conducted at the Sargent & Lundy office in 
Chicago, Illinois, from March 14, 2011 to March 18, 2011.   
 
Representatives from the NRC, key technical personnel representing STP Units 3 
and 4, Toshiba, TANE, Sargent & Lundy (S&L), Paul Rizzo Associates, 
EXPONENT, Simpson, Gumpertz & Heger (SGH), and MACTEC were present 
during the audit.   
 
The NRC staff followed the guidance in NRO Office Instruction NRO-REG-108, 
“Regulatory Audits,” in performing this audit.   
 
 

2. Objectives and Approach 
 

The purpose of this audit is to review analyses performed to support the seismic 
design and analyses for the STP Units 3 and 4 COL application.  Some of these 
calculations are proprietary.  In addition, the background and supporting documents 
for the request for additional information (RAI) responses, including verification and 
validation (V&V) of computer codes, were also audited.  The scope of the audit 
included both standard plant structures and site-specific structures and their 
foundations.  Any significant findings during the audit will be documented in this 
audit report and RAIs may be issued, if necessary. 
 
 

3. Technical Review 
 

The following is a detailed description of the audit for Chapter 3.7, followed by 
Chapter 3.8: 
 
Chapter 3.7:   
 
Calc Report, Rev 6, Synthetic Time History Matching DCD, CSDRS – ABWR, 
Paul Rizzo Associates, Inc., Project # 08-4059, April 21, 2009 
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This calculation documents the development of CSDRS synthetic time histories 
matched to R.G. 1.60 (Revision 1, Dec. 1973). Synthetic time history uses as seed 
motion the stiff soil/rock recordings from M6.7, 1994 Northridge earthquake 
obtained at 55 km from epicenter. The total duration of motion is 22 seconds with 
strong motion duration (5% to 75%) of 12.04, 11.71 and 13.47 seconds for the NS, 
EW and V components, respectively. The calculated correlation coefficient between 
NS-EW, EW-V and V-NS is 0.15, 0.003 and 0.005, respectively. 
 
The spectra matching procedure follows the DCD criteria, which was based on the 
old version of SRP.  The time history matching technique consists of modifying the 
Fourier amplitude of the seed motion to meet the SRP spectra matching 
requirements. In modifying the Fourier amplitude, the phase is not altered. 
 
The V/A and AD/V2 for the seed and spectra-matched motions were reviewed 
where A, V and D parameters are the maximum acceleration, velocity and 
displacement, respectively. Comparison of the acceleration response spectra of the 
seed and spectra-matched time histories were also reviewed for various damping 
values including 5%-damping. The synthetic time histories meet the SRP 3.7 
requirements.  
 
The lower damping ratios were also checked to ensure that it is above the target 
spectra.  The acceleration, velocity and displacement time histories exhibit 
significant residual values.  The residual values will not have an effect in a linear 
analysis.  Based on the above review, the staff finds the time histories acceptable. 
There was no comment on this calculation. 
 
In terms of software V&V, Rizzo has used the following programs for developing 
spectra-matched time histories. 
 
 HIST: matching program 
 SYNQK-R: program to check the match against criteria 
 QUAKE: program to calculate PSD 
 
SYNQKE and QUAKE validation documents were available for review.  The HIST 
validation document was not available.  S&L and Rizzo decided to include V&V of 
the HIST software although V&V of HIST is not necessary since the final time 
history was verified by examining the spectra match. 
   
Regarding SYNQK-R, the spectra is calculated and compared with the target.  This 
spectra calculation needs to be verified.  S&L was asked to provide verification of 
this calculation. This verification was performed by Rizzo later in the week and the 
results were reviewed and found acceptable. There was no comment on the V&V 
documentation. 
 
Calc Document U7-SITE-C-CALC-DESN-6020, “Soil Pressure Profiles Between 
Reactor Building, DGFOSVs, RSW Tunnel, and Pump House Building 
(Licensing)” 
 
This calculation documents the analyses performed to evaluate the effects of SSSI 
on soil pressure profiles. Two-dimensional SSI analyses of UHSB/RSWPH, RSW 
Tunnel, two DGFOSVs (1 and 2) and RB together and individually along a north-
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south section were performed. The soil pressures on the walls due to SSSI effects 
are generally higher than the individual models without SSSI effects with large 
differences near the top. The calc also shows comparisons of in-structure response 
spectra (ISRS) from SSSI and SSI analyses for UHSB/RSWPH, RSW Piping 
Tunnel, DGFOSVs and RB. 
 
The following assumptions are used: 
 Ground water table at 8 ft below ground surface (El. -28 ft) 
 Subtraction method used for calculating impedance functions 
 Poisson’s ratio of saturated soil layers capped at 0.495 
 Analysis is done for UB soil case 
 Passing frequency = 33 Hz 
 
Because UB backfill is stiffer than UB in-situ soils, the applicant was asked to check 
soil pressures for the case with UB backfill as well.  The applicant will update the 
analysis.  This will be a follow-up audit item.  There was no other comment on this 
calculation. 
  
Calc Document U7-UHS-C-CALC-DESN-6007, “Soil Structure Interaction 
Analysis of UHS Pump House Buildings, STP 3 & 4 for Empty Basin 
(Licensing)” 
 
This calculation documents the SSI analysis to determine enveloped seismic 
response at key locations in the Ultimate Heat Sink / Pump House buildings for 
empty basin condition and SSE input. This study used a 3-D SSI model with coarse 
mesh. The following assumptions are made: 
 
 Ground water table at 8 ft below ground surface (El. -28 ft) 
 Subtraction method used for calculating impedance functions 
 Poisson’s ratio of saturated soil layers capped at 0.495 
 Hydrodynamic mass is removed 
 Analysis is done for 6 soil cases including UB, Mean and LB in-situ soil; UB 

backfill over UB in-situ soil; Mean in-situ soil with cracked concrete; and Mean 
in-situ soil with soil separation 

 Passing frequency = 9.7, 12.7, 15.7 and 15.6 Hz for LB, Mean and UB in-situ 
soil case and UB backfill, respectively, based on a maximum horizontal soil 
element thickness of 8.64 ft 

 
A review of the results indicates that the soil separation does not have large effect 
on the calculated nodal accelerations for the Mean in-situ soil.  This would justify not 
analyzing soil separation for other soil cases. 
 
The cracked concrete, on the other hand, is shown to have somewhat larger impact 
on the calculated nodal accelerations for the Mean in-situ soil case. Because 
concrete cracking would shift the structural frequencies to somewhat lower 
frequencies, a softer soil profile, such as LB in-situ soil, may become more critical 
for the cracked concrete analysis than the Mean in-situ soil. The impact on the 
results for not analyzing the cracked concrete model for LB in-situ soil was 
evaluated and found to be acceptable (for details of this assessment, see the review 
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of Calc U7-UHS-C-CALC-DESN-6001 below). There was no other comment on this 
calculation. 
 
Calc U7-UHS-C-CALC-DESN-6001, Rev. B, “Soil Structure Interaction Analysis 
of UHS Pump House Buildings, STP 3 & 4 for Full Basin (Licensing)” 
 
This calculation documents the SSI analysis to determine enveloped seismic 
responses at key locations in the Ultimate Heat Sink / Pump House buildings for full 
basin condition and SSE input. This study uses a 3-D SSI model with coarse mesh. 
The following assumptions are made: 
 
 Ground water table at 8 ft below ground surface (El. -28 ft) 
 Subtraction method used for calculating impedance functions 
 Poisson’s ratio of saturated soil layers capped at 0.495 
 Analysis is done for 8 soil cases including UB, Mean and LB in-situ soil; UB 

backfill over UB in-situ soil; Mean backfill over Mean in-situ soil; LB backfill over 
LB in-situ soil; Mean in-situ soil with cracked concrete; and Mean in-situ soil with 
soil separation 

 Passing frequency = 9.7, 12.7, 15.7 and 15.6 Hz for LB, Mean and UB in-situ 
soil case and UB backfill, respectively, based on a maximum horizontal soil 
element thickness of 8.64 ft.  

 
In addition, a refined SSI model of the UHS Basin/RSW Pump house is analyzed for 
full and empty basin conditions for UB in-situ soil case only. The refined SSI model 
has a passing frequency of 23.5 Hz with a cut-off frequency of 33 Hz. To account 
for the effect of foundation mesh refinement on the ISRS, the following steps are 
taken:  
 
a) Combine the response in 3 directions from coarse model using SRSS,  
b) Scale the results upward using factors developed from comparison of the results 

between coarse and refined mesh models,  
c) Envelop the results for all soil cases,  
d) Envelop the results for full and empty basin conditions, and  
e) Broaden and smooth the spectra. 
 
Discrepancies in the reported frequencies for the full basin condition in Table 3 were 
noted. The applicant was asked to check this table and make corrections, as 
necessary. 
 
A review of the results indicates that the soil separation does not have large effect 
on the calculated nodal accelerations for the Mean in-situ soil.  This would justify not 
analyzing soil separation for other soil cases. 
 
The cracked concrete, on the other hand, is shown to have somewhat larger impact 
on the calculated nodal accelerations for the Mean in-situ soil case. Because 
concrete cracking would shift the structural frequencies to somewhat lower 
frequencies, a softer soil profile, such as LB in-situ soil, may become more critical 
for the cracked concrete analysis than the Mean in-situ soil.  The impact on the 
results for not analyzing the cracked concrete model for LB in-situ soil case was 
assessed and found to be acceptable, as detailed below. 
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Comparisons of the raw ISRS for the cracked and uncracked UHS Basin/RSW 
Pump House model for the Mean in-situ soil case were reviewed. Based on 
comparisons of the calculated spectra for the Pump House roof (Element Group 3), 
it is found that maximum increase in the spectral amplitude due to cracked concrete 
is about 35% for the x- and y-directions and 55% for the z-direction. If the same 
ratio is used for the LB in-situ soil case, the spectral amplitudes will be enveloped 
by the final design spectra. As another check, similar comparisons were also done 
for the mid-level of UHS Basin walls (Element Group 6). Again the design spectra 
was found to envelop the peaks of the cracked concrete case after applying similar 
scaling factors and frequency shift for cracked concrete. It is noted that 
development of the final design spectra includes scaling upward the spectral 
amplitudes at valleys to compensate for possible shifts in the structural frequencies.  
The pertinent spectral frequency range for the x-, y- and z-direction responses are 
5-19, 4-10 and 12-18Hz, respectively. The applicant agreed to include the above 
comparisons in the response to RAI 3.7.1-27. 
 
The steps taken to address the effect of foundation mesh refinement on the ISRS 
were reviewed and found to be acceptable.  
 
Calc Document U7-YARD-S-CALC-DESN-6008, Rev A, “2-D Model for Diesel 
Generator Fuel Storage Vaults (DGFOSV) RAI.03.07.01-27 (Licensing)” 
 
This calc documents a 2-D model for the DGFOSV. The model represents a 1-foot 
wide slice cut through the middle of the DGFOSV. The basemat is modeled using 
plain-strain elements.  The lateral in-plane shear stiffness of the two side walls 
resisting the motion is represented by a vertical stick connected to the center of the 
basemat. The stiffness of the front and back walls are modeled with beam elements 
at each end of the basemat. The front and back side beams extend from the top of 
the basemat to the top of the vault.  The top of side beam at each side of the 
basemat are connected to the center stick with rigid beams. The side beams are 1 ft 
wide with thickness equal to the actual thickness of the wall. The 2-D modeling of 
the vault structure described above is appropriate. 
 
Tank is modeled as rigid with its mass lumped at the C.G.  Because the percentage 
of tank mass to total mass exceeds the decoupling criteria of 10%, explicit modeling 
of the tank is reasonable, and the model was found acceptable. However, the 
procurement specification requiring that the tank should be rigid need to be 
addressed for conformance with the analysis assumptions. There was no other 
comment on this calc. 
 
Calc Document U7-UHS-C-CALC-DESN-6005, “Effect of Finer Mesh in UHS 
Pump House SSI Analysis RAI 03.07.02-24 and RAI 03.07.02-26 (Licensing)” 
 
This calculation documents the results of SSI analysis of the full and empty basin 
conditions using a refined foundation mesh. This is a 3-D SSI model of the 
UHSB/RSWPH referred to as the “refined SSI model.” In this analysis, the following 
assumptions are made: 
 
 Incorporate hydrodynamic effects for vertical excitation 
 Passing frequency of 23.5 Hz 
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 Poisson’s ratio of saturated soil layers capped at 0.495 
 Analysis is done for UB soil case 
 
The refined SSI model increases the passing frequency from 15.7 to 23.5Hz as 
compared to the original SSI model that used a coarse foundation mesh. The 
refinement of the foundation mesh has affected the computed ISRS and maximum 
nodal accelerations. The steps taken to address the effect of foundation mesh 
refinement on the ISRS were reviewed in Calc U7-UHS-C-CALC-DESN-6001, Rev 
B above and found to be acceptable. With respect to the computed maximum 
accelerations, the applicant has scaled upward the maximum nodal accelerations 
calculated from the original SSI model for all soil cases using factors developed by 
comparing the results of the original and refined SSI models for the UB soil case. 
The use of these scale factors to avoid reanalysis of all soil cases using the refined 
SSI model is found to be conservative. 
 
In addition to scaling upward the calculated maximum accelerations to address the 
foundation mesh refinement discussed above, the applicant was also asked to 
investigate the effect of the structural mesh refinement on the calculated maximum 
accelerations. The effect of structural mesh refinement on the computed nodal 
accelerations is studied by performing fixed-base analysis of two structural models: 
one corresponding to the refined SSI model, and the other corresponding to a more 
refined structural model used for the stress design. The applicant produced a table 
summarizing the ratio of maximum accelerations calculated from the above 
analyses. The increase in the maximum accelerations due to the structural mesh 
refinement was found to be very small at all locations compared except for the 
Pump House roof where 25% increase in the response is shown. The applicant 
agreed to scale upward the maximum acceleration response of the Pump House 
roof by an additional 25% to account for the effects of structural mesh refinement. 
 
To account for the hydrodynamic pressure on the walls due to vertical excitation, 
the applicant has scaled upward the hydrostatic pressure by (1+ α) where α is equal 
to the maximum spectral value of 0.475g obtained from the 5%-damped 
acceleration response spectra of the base motion. This value was compared 
against the spectral value of the 3%-damped spectra at the fundamental frequency 
of the 70-foot water column in the basin (i.e. f = 17 Hz) and found to be very close. 
Based on this assessment, the use of α = 0.475g to account for the effect of 
hydrodynamic pressure on the basin walls due to vertical excitation is acceptable. 
  
In the SSI analyses, no added mass on the columns were included to account for 
the hydrodynamic effect of water on the submerged columns in the basin. The 
applicant was asked to investigate this effect by performing a local analysis of the 
columns with added mass incorporating various boundary conditions at the top and 
bottom of the columns. After performing these analyses, the applicant reported that 
such analyses have indicated increase in the column stresses and that this increase 
will be considered in the design. Details of the above local analyses of the columns 
and how the effects are considered in the design will be reviewed in the next audit. 
 
Section forces are calculated with Python script. Verification of the script is included 
in the calculation but was not reviewed.  The script is used to perform section cuts 
to calculate total in-plane shear.  The in-plane shear was calculated for the coarse 
and fine mesh models of the UHSB/RSWPH from the SSI models and the results 
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are shown to be close. No comparisons of the out-of-plane shear for the coarse and 
fine mesh models are done. Because the calculated shear forces from the SSI 
models are not used for design, there is no comment on this study. 
 
A joint 3.7 and 3.8 NRC staff meeting was held in the morning to discuss the 
procedure used to develop the seismic demand for stability analysis of DGFOSV 
and RSW Piping Tunnel. It was noted that the stability analysis of the RSW Piping 
Tunnel should account for the increase in lateral soil pressures on the tunnel walls 
caused by the SSSI effects of the adjacent heavy Reactor and Radwaste buildings. 
 
Calc Document U7-YARD-C-CALC-DESN-6001, Rev B, “Diesel Generator Fuel 
Oil Storage Vaults Soil-Structure Interaction Analysis” 
 
This calculation documents the SSI analysis of DGFOSV to produce ISRS, 
maximum accelerations in the structure as well as relative displacements, forces 
and moments for the walls. This is a 3-D SSI model analyzed with SASSI2000. The 
following assumptions are made: 
 
 Ground water table at 8 ft below ground surface (El. -28 ft) 
 Subtraction method used for calculating impedance functions 
 Poisson’s ratio of saturated soil layers capped at 0.495 
 7% SSE damping used in the structure for structural design (i.e. for calculating 

maximum nodal accelerations, displacements, forces and moments) 
 4% OBE damping is used in the structure and for generating ISRS 
 9 cases were analyzed, which included 6 soil cases (UB, Mean and LB in-situ 

soil plus UB, Mean and LB backfill) with full tank model, and 1 soil case (UB in-
situ soil) with soil separation, cracked concrete and empty tank model 

 0.3g RG 1.60 spectra with matched acceleration time histories 
 
The amplified ground motions at foundation level of the DGFOSV are calculated 
from separate 3-D site-specific SSI analyses of the Reactor Building and UHS 
Basin/RSW Pump House. The response spectra of the amplified ground motions 
that account for the SSSI effects of the Reactor Building and UHSB/RSWPH 
obtained above are then compared with the 0.3g RG 1.60 spectra for different 
damping values used for design. These spectra comparisons indicate that 0.3g RG 
1.60 spectra envelops the amplified motions at all frequencies except for 2%-
damped spectra at 0.5Hz due to SSSI effects of the Reactor building. However, the 
difference is too small to have any impact. Based on the above review, the use of 
0.3g RG 1.60 spectra for SSI analysis of DGFOSV is acceptable. 
 
To satisfy foundation stability requirements, the basemat toe lap was extended from 
2 to 6 ft. This resulted in a coarse element size of 6 ft causing the passing 
frequency to drop to 20 Hz for the softest soil case (LB in-situ soil). An additional 
analysis was performed on a modified model that subdivided the toe lap into two 3-ft 
elements. This increased the minimum passing frequency from 20 to 40 Hz for all 
soil cases. New analysis results show no significant difference in response for the x- 
and y-direction input but for the z-direction input, the response increased by 14.6% 
at 3.8 Hz. The applicant should address this increase due to mesh refinement in the 
final results. 
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The applicant was asked to provide comparisons of ISRS for uncracked and 
cracked model for the UB in-situ soil case to assess the impact on the results for not 
analyzing the cracked concrete model for softer soil profiles (e.g. LB in-situ soil 
case). The comparison shows that the design spectra has adequate margin to 
bound any increase in the spectral response for cracked concrete model analyzed 
with LB in-situ soil case. The applicant was asked to provide the above 
comparisons in the response to RAI 3.7.1-27. 
 
Calc U7-RSW-C-CALC-DESN-6001, “RSW Tunnel Soil-Structure Interaction 
Analysis for STP 3&4 Site Specific” 
 
This Calculation documents 2-D SSI analysis of an east-west section of the Reactor 
Service Water (RSW) Tunnel of STP 3&4 subjected to site-specific SSE to produce 
ISRS, peak nodal accelerations, maximum relative displacements and seismic soil 
pressures to be used for design. The following assumptions are made: 
 
 Ground water table at 8 ft below ground surface (El. -28 ft) 
 Direct method used for calculating impedance functions 
 Poisson’s ratio of saturated soil layers capped at 0.495 
 7% SSE damping used in the structure for structural design (i.e. for calculating 

maximum nodal accelerations, displacements, forces and moments) as well as 
for generating ISRS 

 8 cases were analyzed, which included 6 soil cases (UB, Mean and LB in-situ 
soil plus UB, Mean and LB backfill) with uncracked concrete, and 1 soil case 
(Mean backfill over Mean in-situ soil) with soil separation and with cracked 
concrete model 

 Input motion corresponds to synthetic acceleration time history of site-specific 
SSE motion amplified by a constant factor of 1.15 as well as un-factored time 
histories corresponding to amplified motions of several nodes in the Reactor 
Building SSI model and several nodes in the UHSB/RSWPH SSI model. 

 Frequency scan performed, which excludes certain frequencies from un-
interpolated transfer functions calculations. 

 Spectra broadened by +/-15% 
 
The fixed-base horizontal and vertical fundamental frequencies of the tunnel are 
calculated to be 8.26 and 53.58 Hz, respectively. 
 
The new definition of input motion for the SSI analysis was reviewed and found 
acceptable. This new characterization of the input motion that accounts for the SSSI 
effects should be provided in the FSAR. 
 
Justification for using SSE damping for generating ISRS was reviewed and found 
acceptable. 
 
Review of SASSI2000 V&V: 
 
Two validation and verification documents (V&V) for SASSI2000 were reviewed. 
 
 SASSI2000 S&L V&V, Software Verification and Validation Report Certification, 

Program # 03.316-3.0, Dated 3/11/2011 
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 SGH SASSI2000 V&V, Version 3.0, Calc # SAS-V3-0, Rev 1, Dated 1/7/2011 

 
S&L SASSI2000 V&V 
 
Validation of Subtraction Method: 
 
The V&V table states that 9 test problems are used to validate the subtraction 
method. After review, it was found that only three of the test problems (Problem 
Nos. 4, 8 and 19) are applicable to the subtraction method. Out of the three, only 
two problems (4 and 8) test the stability and accuracy of the subtraction method (the 
third problem is for checking the symmetry feature). 
 
Test Problem 4 compares dynamic impedance functions of a rigid cylindrical 
foundation embedded in a uniform half space calculated by SASSI2000 against 
closed form solutions. A review of the results indicates that the accuracy of the 
direct and subtraction methods are good up to a passing frequency of about Vs/5h 
and Vs/8h, respectively, where Vs is the shear wave velocity of the half-space and h 
is the largest element size in the soil model. S&L was asked to address the 
acceptability of the results obtained above using the direct and subtraction methods 
in relation to the wave length criteria, as discussed above.  
 
Test Problem 8 compares the response of a ¼-scale experimental reactor building 
model measured during an earthquake with those calculated by SSI analysis using 
SASSI2000. The results at several locations in the building calculated using the 
direct and subtraction methods show excellent agreement with the recorded 
motions. The analysis is carried out to a maximum frequency of 12 Hz. With Vs=253 
ft/s and h=4 ft, the 12 Hz passing frequency approximately equals Vs/5h. However, 
because there is no significant response beyond about 8 Hz, this test problem 
checks the accuracy of the direct and subtraction methods only up to a passing 
frequency of about Vs/8h, which agrees with the conclusions in Test Problem 4. The 
conclusions of this test problem are acceptable. 
 
Validation of Shell Element aspect Ratio: 
 
A new test problem to check the sensitivity of the results to aspect ratio of shell 
elements used to model out-of-plane response of two-way walls and slabs was 
provided. This problem was set up as a SSI model. S&L was asked to modify the 
test problem to exclude the SSI effects so that accuracy of the shell elements can 
be evaluated. The applicant reanalyzed the problem by removing the SSI effects. 
The results of new analyses showed significant difference with those obtained by 
SGH version of the same SASSI2000 program, as discussed next. It was agreed 
that the applicant will investigate this difference and provide a resolution of the 
above difference for review during the next audit. 
 
SGH SASSI2000 V&V 
 
Validation of Subtraction Method: 
 
SGH provided four test problems (SAS-2/SAS-2A, SAS-3C, SAS-4C and SAS-8) to 
validate the accuracy of the direct and subtraction methods. 
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Test Problem SAS-2/SAS-2A is similar to Test Problem 8 of S&L V&V discussed 
above. Again, the conclusions of this test problem are found acceptable. 
 
Test Problem SAS-3C checks the accuracy of the direct and subtraction methods 
by comparing the calculated impedance of a rigid cylindrical foundation embedded 
in a uniform half space against the solutions provided in the literature. The 
comparisons show very good agreement between the calculated and target 
solutions for both the direct and subtraction methods. However, the comparisons 
are only carried out to a maximum frequency of about 15.7 Hz. With Vs = 2000 ft/s 
and h=16.25 ft, the corresponding passing frequency corresponds to Vs/8h. SGH is 
requested to extend the analysis frequency (e.g. to at least 30 Hz) so that the 
numerical stability and accuracy of the direct and subtraction methods can be 
validated to Vs/5h and beyond (see similar exercise done in Test Problem 4 by S&L 
above). 
 
Test Problem SAS-4C checks the accuracy of the direct and subtraction methods 
by comparing the calculated scattering response of a rigid cylindrical foundation 
embedded in a uniform half space against the solutions provided in the literature. 
The comparisons show very good agreement between the calculated and target 
solutions for both the direct and subtraction methods. However, the comparisons 
are only carried out to a maximum frequency of about 17.58 Hz. With Vs = 2000 ft/s 
and h=16.25 ft, the corresponding passing frequency corresponds to about Vs/7h, 
which indicates that a better accuracy can be obtained for the scattering solution as 
compared to the impedance solution with less restrictive wave length criteria. The 
applicant is requested to extend the analysis frequency (e.g. to at least 30 Hz) so 
that the numerical stability and accuracy of the direct and subtraction methods can 
be validated to Vs/5h and beyond. 
 
Test Problem SAS-8 checks the accuracy of the direct and subtraction methods by 
comparing the calculated horizontal and rocking compliance response of a 2-D rigid 
rectangular foundation embedded in a uniform half space against the solutions 
provided in the literature. The comparisons show very good agreement between the 
calculated and target solutions for both the direct and subtraction methods. 
However, the comparisons are only carried out to a maximum frequency of about 
9.8 Hz. With Vs = 2000 ft/s and h=16.25 ft, the corresponding passing frequency 
corresponds to Vs/12h. This is not adequate to check the accuracy of the above 
methods. The applicant is requested to extend the analysis frequency (e.g. to at 
least 30 Hz) so that the numerical stability and accuracy of the direct and 
subtraction methods can be validated to Vs/5h and beyond. 
 
Validation of Shell Element aspect Ratio: 
 
SGH also provided a validation problem (DCIR # 2011-DCIR-003, Rev 0) to check 
the sensitivity of the results to aspect ratio of shell elements used to model out-of-
plane response of two-way walls and slabs was provided. This problem was set up 
as a SSI model. The applicant was asked to modify the test problem to exclude the 
SSI effects so that accuracy of the shell elements for different aspect ratios can be 
evaluated. The applicant reanalyzed the problem by removing the SSI effects. The 
new test problem shows almost identical results when the aspect ratio of shell 
elements is varied from 1:1 up to 1:5. However, these results did not agree with 
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those produced by S&L on a very similar test problem using the same program.  
The applicant agreed to investigate the discrepancy between the results produced 
by SGH and S&L and provide resolution on the differences observed for review 
during the next audit. 
 
Review of SAP2000 V&V: 
 
The response to RAI.03.07.02-29, Rev. 1, documents additional validation problems 
for SAP 2000. The validations include: 
 
1) Section cuts  
2) Thick shell out-of-plane response 
3) Time history modal superposition with shell elements 
4) Spectra calculation using thick shell elements 
 
Validation of item “1” was done by hand calculation.  For items “2”, “3” and “4”, the 
benchmark solutions for validation were developed with ANSYS utilizing “SHELL43 
“element, which is well suited to model linear, warped, moderately-thick shell 
structures according to ANSYS User’s Manual.  For items “2”, “3” and “4”, the 
following acceptance criteria were used:  5% for frequencies, 10% for forces, and 
15% for spectra.  The 5% difference is considered acceptable within the 
engineering accuracy, while the 10% and 15% criteria may be excessive. The 
applicant should assess the impact of the above acceptance criteria on the design. 
 
Review of SHAKE2000 V&V: 
 
Previous validation was done only for 8 layers. The new validation problems cover 
100 layers.  There were six test problems to check different features of the program 
with 100 layers. Based on a review of the new test problems, the validations 
performed were found acceptable. 
 
Calc U7-SITE-C-CALC-DESN-6019, “Soil Pressure Profiles Between Reactor 
Building, RSW Tunnel, and Radwaste Building (Licensing)” 
 
This calculation documents the 2-D SSI analysis of DCD Reactor Building model, 
RSW Tunnel model, Radwaste Building model both individually and together to 
evaluate the effect of SSI on the seismic behavior of the structures. The results of 
SSI analyses were post-processed to generate transfer functions, seismic soil 
pressures and acceleration response spectra. The following assumptions are made: 
 
 Ground water table at 8 ft below ground surface (El. -28 ft) 
 Poisson’s ratio for saturated soil layers capped at 0.495 
 Analysis is done only for UB in-situ soil case 
 Only horizontal input was considered 
 Passing frequency = 33 Hz 
 Frequency scan performed on 98-layer system excludes certain frequencies 
from un-interpolated transfer function calculations. 
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The analysis section shows the RSW tunnel located between the Radwaste and 
Reactor Buildings with a distance of about 16.25 inch from these structures on each 
side.  
 
Because UB backfill is stiffer than UB in-situ soils, the applicant was asked to check 
soil pressures on the RSW Tunnel walls for the case with UB backfill as well. The 
applicant was also asked to address the effects of increase in lateral dynamic 
pressures on the RSW Tunnel stability due to SSSI effects of the adjacent heavy 
Reactor and Radwaste buildings. 
 
Calc U7-SITE-C-CALC-DESN-6021, Rev A, “Soil Profiles Between 1) Reactor 
Building, DGFOSV Tunnel, and Crane Wall and 2) DGFOSV Tunnel, DGFOSV, 
and Crane Wall (Licensing).” 
 
This calculation documents the procedure used for SSSI Analysis similar to other 
SSSI analysis.  There were no comments on this document. 
 
Stability Analysis Procedure (Presented by S&L 3/18/2011) 
 
A brief presentation of the stability analysis procedure was made by S&L.  The 
presentation included a rigid body diagram showing the forces acting on the 
structure for stability calculations. S&L indicated that the total seismic demand is 
calculated by summing all the inertia forces acting on the structure. These inertia 
forces are calculated by multiplying the mass of each node by the absolute value of 
the maximum acceleration response at that node obtained from the SSI analysis. In 
addition to the inertia forces, S&L should also consider any increase in dynamic soil 
pressures on the basement walls due to the SSSI effects, such as those on the 
RSW Piping Tunnel. S&L agreed to consider the effect of dynamic soil pressures in 
addition to the static soil pressures in evaluating the foundation stability. 
  
The calculation of the seismic overturning moment is based on the horizontal 
seismic load E and vertical seismic load Ev about tipping point A, as shown in the 
figure below.  The moment due to horizontal earthquake does not include Ev-H 
(vertical force due to horizontal input) which also produces overturning moment 
about A.  The applicant should provide justification for not including the vertical 
component of response due to horizontal seismic input in calculating the foundation 
overturning moment. 
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E –  Horizontal seismic force 

Ev – Vertical seismic force 

Es – Soil active force 

Ep –   Soil passive resistance 

D –  0.9 of dead load 

Fb – Buoyancy force 

Fr – Frictional resistance 

 
Seismic Demand for II/I Stability Analysis 
 
The calculation of seismic demand for II/I stability evaluation of Radwaste building, 
Control Building Annex and other non-Seismic Cat I structures was not reviewed 
due to time constraints. This review will be conducted during the next audit. 
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Chapter 3.8: 
 
The staff conducted a detailed review of selected portions of the calculations made 
available by the applicant (see Table 1).  As a result of the review, several issues 
were identified and discussed with the applicant.  In all instances, a path forward for 
the resolution of these issues was established.  The issues discussed with the 
applicant during the audit were captured in a list at the end of the audit (see 
attached audit list).  Details of the audit performed are given in the following section.   

 
Discussion 
 

A. Review of the Table containing design parameters for site-specific 
structures 

During the public meeting held on February 2 and 3, 2011, the staff identified that 
the design parameters used for site-specific structures were not consistent through 
the entire design of any specific structure, and needs to be clearly identified in the 
FSAR.  During the public meeting the applicant agreed to provide a table to specify 
seismic inputs used for design and stability evaluations.  During the audit, the 
applicant presented a draft Table containing design parameters for seismic 
analysis, structural design, stability evaluation, and Seismic II/I evaluation of all site-
specific structures including the non-seismic category I structures.  The staff 
reviewed the draft Table with preliminary information, and requested the applicant to 
finalize the Table information and docket the design parameter Table for staff 
review.  The applicant agreed to staff request to docket the Table.  This was 
captured in audit item 3.8-7.  The Table will be reviewed by the staff after docketing. 

 

B. Review the findings and action items from the previous Audit 

B.1  Foundation bearing pressure due wind and tornado loading 

During the audit held on October 18 through 22, 2010, the staff noted that the 
applicant did not include foundation bearing pressure calculations for wind and 
tornado loadings for UHS/PH since these loadings are enveloped by seismic 
loadings.  The staff pointed out that though theses loads may be enveloped by 
seismic loads, required factors of safety for bearing pressures may not be the same 
as that for seismic loading.  Subsequently, the applicant stated during the public 
meeting on February 2 and 3, 2011, that it would use the factors of safety for wind 
and tornado loading using the recommendations in Table 7.4 of “Structural Analysis 
and Design of Nuclear Power Facilities” prepared by the Editing Board and Task 
Groups of the Committee on Nuclear Structures and Materials of the Structural 
Division of the American Society of Civil Engineers.  The applicant agreed to include 
the bearing pressure evaluations for wind and tornado in its calculations for the 
UHS/PH accordingly. 

The staff reviewed calculation no. CALC-EORA-020, Rev.0, “Dynamic Bearing 
Capacity Analysis for the UHS Basin and the RSW Pump House Under Wind and 
Tornado Loading,” during the audit, and confirmed that the calculated bearing 
capacity safety factors for wind and tornado loadings were within the recommended 
values of 2.0 and 1.5 respectively, as stated  in the above standard.  The staff 
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believes that the safety factors for bearing pressure evaluation are according to 
industry practice, and considers the issue to be resolved.  

This covers the agenda item F: Review calculations for foundation bearing pressure 
for wind and tornado loadings for UHS/PH. 

 

C. Discuss Issues from latest responses to RAIs 

C.1  RAI 03.08.01-9, Revision 2 

During review of response RAI 03.08.01-9, Revision 2, the staff noted that the test 
requirements for the joint seals between the Reactor Building and the Control 
Building below the design basis flood level included testing the seals to withstand 
+/-25% of the gap size in any resultant direction.  Since these joints will be subject 
to long term settlement of the buildings, the staff asked the applicant to confirm that 
the test requirement for the differential movement will also envelop the expected 
long term differential settlement between the buildings.  The applicant agreed to 
revise the response to RAI 03.08.01-9 to include testing the seals for maximum long 
term settlement also.  This was captured in audit item 3.8-1. 

C.2  RAI 03.08.04-17, Supplement 1 

The staff noted that the FSAR mark-up provided with the above response included 
a statement in the first paragraph of Section 3H.6.7 stating that the seismic induced 
dynamic soil pressures on DGFOSV walls were computed using the method of 
ASCE 4-98.  It was pointed out to the applicant that the text in the FSAR did not 
correctly state what was done since the wall pressures on DGFOSV were also 
computed considering structure to structure interaction.  The applicant agreed to 
revise the response and correct FSAR Section 3H.6.7.  This is captured in audit 
item 3.8-2. 

C.3  RAI 03.08.04-28, Revision 1 

During the review of the above response the staff noted that more clarification 
regarding the friction and cohesion values used to verify the sliding stability was 
needed. Especially to explain the procedures used to determine the dynamic values 
under seismic excitation and the sliding resistance for foundations sitting partially on 
sand and clay. Responding to these questions, staff was presented (MACTEC) with 
a summary of the geotechnical design of the RB, whereby the following information 
was given: 

 Unit 3 is founded on both soils types: clay and sand, corresponding to soil layers 
“F” and “H”. Unit 4 is founded only on clay, corresponding to layer “F”. Tables with 
soil properties are found in FSAR Tables 2.5S.4-9; -10; -16; -29 and -37B.  

 Static cohesion values are reduced 20% to account for dynamic soil behavior. 
This is based on a publication by Makdisi and Seed from July 1978, which states 
that in most cases cyclic yield strength of clayey material appears to be 80% of the 
static undrained strength for typical shear strains obtained from earthquake soil 
response analyses. The comparison between the expected site specific strains with 
the strain level used in the publication was not addressed. As the strain level 
significantly affects the strength reduction, the strain ranges should be compared 
and presented for staff evaluation.  The issue was captured as Issue 11 in the Post 
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Audit Clarification Requests.  The applicant agreed to address the issue in its 
response to RAI 3.8.4-28, S1. 

 Regarding the 1/3 reduction of friction values in sand to account for cyclic 
loading during an earthquake, reference was made to the calculation in MACTEC 
report CALC-EORA-002, Rev.4, which references values used in Units 1&2 and 
other literature. The 1/3 reduction was observed to be the largest reduction 
recommended in a series of publications and was selected as being on the 
conservative side.  Based on this, the dynamic reduction of the friction factor to 67% 
of its static value was considered acceptable. 

 The resulting sliding safety factors for the R/B founded on sand and clay soils 
are presented in the calculation report (MACTEC): U7-RB-C-CALC-DESN-6024, 
Rev. A, “Reactor Building Foundation Stability Evaluations (Licensing)”. For 
foundations partially on clay (1/3) and sand (2/3), the least safety factor is obtained 
if only cohesion is used to resist the base shear. For various load combinations the 
sliding safety factors are reported as follows: Unit 3, SF= 1.99 to 2.84; Unit 4, 
SF=1.90 to 2.77. If only at-rest lateral earth pressure is used, the SF drops to SF=1. 
If full passive earth pressure is used, no friction is required. Dynamic earth 
pressures were used on the driving and resisting side. Minimum safety factor 
required is SF=1.11, thus results are acceptable. The lateral displacements 
associated with the activation of lateral earth pressures are not part of the 
calculation report, but those values are considered when designing the gaps 
between adjacent buildings.  

The staff noted that different friction coefficients exist at different foundation 
transitions, i.e.: 

1. Concrete / Soil, f=0.70 (dynamic f=0.47) 

2. Concrete / Membrane, f=0.60 (dynamic f=?) 

3. Concrete / Concrete, f=0.60 (dynamic f=?) 

And that therefore sliding will occur at the interface with the lowest dynamic friction 
value. Since dynamic friction coefficients have not been reported for all transitions, 
staff asked to provide those values and justify that sliding will occur at the concrete-
soil interface. This is audit action item 3.8-8. 

C.4  RAI 03.08.04-32, Revision 1 

During review of the above response the staff noted that the applicant did not 
include in its response results of prediction analysis to evaluate the results of 
Structural Integrity Test, other than describing how the test results will be compared 
with the predicted analysis results.  The applicant stated that the prediction analysis 
could not be performed until detail design of the containment had progressed 
sufficiently.  The applicant maintained that for the purpose of meeting the intent of 
the COL information item, the method described for evaluation of test results should 
be adequate.  The staff agreed to evaluate the response comparing with details 
included in other similar applications.  (Audit item 3.8-5) 

C.5  RAI 3.8.1-7, Revision 2 

During review of the above response, the staff noted that the applicant’s evaluation 
of impact of maximum flood level on the design of below grade walls of standard 
plant structures incorrectly used 7 ft of water head as additional hydrostatic load 
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beyond normal ground water level.  The staff pointed out that since the normal 
ground water level for standard plant design was 2 ft below plant grade, and since 
the site-specific maximum flood level is 6 ft above grade, the additional water head 
to be considered in the evaluation should be 8 ft instead of 7 ft.  The applicant 
agreed to revise the response to update the evaluation.  (Audit item 3.8-6) 

 

D. Review of Design Calculations for DGFOSV 

 
D1. Design Inputs 
The staff reviewed calculation no. U7-YARD-S-CALC-DESN-6001, Revision E, 
“Basic Structural Design of Diesel Generator Fuel Oil Storage Vault.”  The 
calculation described the input parameters for design of DGFOSV. 
 
It was noted that the design inputs described in this calculation did not reflect the 
design inputs subsequently used in the detail calculations.  Specifically, the wind 
loading parameters described in this calculation did not match with the wind loading 
parameters used for stability evaluation or the wind loading parameters in FSAR 
Section 3H.6.4.3.2.  Also, the tornado loading parameters described in this 
calculation did not match the actual tornado loading parameters used in design, or 
FSAR Section 3H.6.4.3.3.1.  The subject was discussed with the applicant, and it 
was understood that the design input section of the calculation was not updated 
with the latest design input information subsequently developed as the design 
progressed.   
 
Since the design calculations for the DGFOSV were reviewed in later sections of 
the calculation, the staff did not continue review of design inputs listed in this 
section of the calculation.  The subject was not included in the audit items since 
there was no other significance of this calculation, and this is considered to be only 
a housekeeping issue. 
 
D2. Basic Structural design  
 
Calc Report, U7-YARD-S-CALC-DESN-6001, Rev. E: “Basic Structural Design of 
Diesel Generator Fuel Oil Storage Vaults” 

This calculation documents the analysis and design of the DGFOSV and consists of 
a main volume and many attachments. The main report describes the design inputs 
(described in D1 above), assumptions, the structural analysis models, the applied 
loads, load combinations, the concrete, liner and metal decking design, while the 
attachments contain the SAP2000 input files, weight computations, comparison of 
SSI with SAP2000 forces, joint loads from accidental torsion, calculation 
spreadsheets, various concrete design modules (postprocessors of SAP results), 
evaluation of soil springs and adjustment factors for uplifting effects, combination of 
SAP results with static and dynamic soil springs, etc. 

The stability evaluation of the DGFOSV is described in section D3 later. 

During the audit review it was noted that: 

1. The analysis is performed with the help of a SAP2000 finite element model, 
using spring, beam, and thick shell finite elements. 



18 

2. Wind loads were determined according to ASCE7-88 with Exposure D, 
V=110mph, I=1.11. This older code is used for the DGFOSV because the vault is 
considered a standard structure and thus is designed according to DCD standards. 
The adequacy of using an older code and older SRP version is discussed and 
justified in a separate RAI (RAI 3.8.4-30) evaluation. This is audit action item 3.8-11. 

3. The inertial forces generated by the fuel oil tanks are applied at two nodes 
representing the C.G. of the tank. These two nodes are rigidly attached to the base 
slab elements. Physically the tanks are supported on three saddles and additionally 
attached to the base mat with guy wires. The rigid assumption was justified stating 
that the vendor specification will ask for a rigid construction that will also prevent 
fluid sloshing effects. This is audit action item 3.7.-26. 

4. Tornado design is based on a wind velocity of 300mph, which corresponds to 
DCD design criteria. Basic missile velocity was taken as 230mph, which is 
considered adequate as the site specific tornado velocity is 200mph, corresponding 
to Region II. 

5. Seismic design is performed with equivalent static forces, whereby the inertial 
forces are computed as products of masses and accelerations. The accelerations 
are taken from the SSI analysis of the vault. A reference is given in the report from 
where the accelerations were taken. As this information was not verified during the 
audit, the staff plans to verify the source and the acceleration values during the next 
audit. Static earthquake components are combined by the SRSS rule and the 
resulting base shear and total axial base force from SAP are compared to the 
corresponding values of the SSI (SASSI) model. It was noted that an amplification 
of 1.27 had to be used in vertical direction acceleration of the SAP model in order to 
match the vertical force from the SAP model with that from the SSI analysis.  Since 
the equivalent static models in general yield more conservative results, the staff 
requested the applicant to provide an explanation for this.  This was captured in 
Issue 10 of the Post Audit Clarification Requests.  The applicant agreed to address 
the issue in response to RAI 3.8.4-30, S2. 

6. There was a discrepancy between the SSI calculation report versions referred to 
in the main and stability reports (rev. B vs. Rev C), but it was clarified as being a 
typo (Rev. B is the current version). This was audit action item 3.8-16. 

7. Uniform Winkler and so called coupled springs are used in analysis, and 
structural design is performed enveloping results from both analyses. If uplift is 
detected (soils springs in tension), a separate SAP model is developed with 
compression only springs to evaluate the effects of basemat uplift on structural 
response. For the most critical load combination, response quantities (forces, 
displacements, etc.) from the linear and nonlinear analysis are compared and a 
correction factor determined which, if necessary, is used to amplify the linear 
responses for all load combinations. Staff accepted this method during the previous 
audit. 

8. Bearing pressures are not evaluated in the main report. A separate MACTEC 
(Geotechnical) report, evaluates the safety factors by comparing the total demand 
with the ultimate soil bearing capacity. The procedure for verifying the bearing 
capacity and the demand (Hansen’s) follow the methodology described in FSAR 
chapter 2.5S. Its justification for the design of cat I buildings is evaluated in a 
separate RAI, see item E. below. 
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9. The below grade roof is designed as composite steel beams with concrete slab. 
Hand calculations verify the strength of the beams for vertical loads. The diaphragm 
design of the slab (in-plane) is based on SAP results from a SAP model with 
suppressed vertical loads. This procedure is considered acceptable. 

10. Loads derived from accidental torsion follow the procedure in ASCE4-98 and 
SRP 3.7.2.II (11), and are applied to model nodes at certain levels to simulate the 
additional torsional demand. This procedure is considered acceptable. 

11. Missile impact on above grade portions of the structure follow RG 1.76. Sphere 
impact is not relevant, while car impact loads are the governing loads. Different 
impact locations on the access shaft and hood are considered. This procedure is 
considered acceptable. 

12. Regarding the modeling of the DGFOSV with SAP, staff was presented with an 
excerpt of the SAP manual about Joint Connectivity that recommends shell element 
aspect ratios near unity but not greater than four for best results. Also attachment 
AA: Mesh Sensitivity, of U7-UHS-S-CALC-DESN-6002, Rev A was presented. 
Therein a mesh study is performed for a UHS wall, which compares hand calculated 
(theoretical solution) values with SAP results for different mesh sizes. Moments and 
deflections are shown to differ by less than 1% if the wall span is discretized with at 
least eight elements between supports. This modeling approach was followed for 
analysis, and is deemed acceptable for design purposes. This is audit action item 
3.8-18. 

13. The walls were designed for static and dynamic lateral earth pressures and for 
lateral pressures resulting from surcharges applied at ground level. The effect of 
increased static lateral pressures resulting from adjacent nearby buildings needs to 
be considered in design. This topic will be discussed during the next audit. 

 
D3. Stability Evaluation 
 
Diesel Generator Fuel Oil Storage Vaults Stability Evaluation (Licensing) CALC No. 
U7-YARD-S-CALC-DESN-6002 Rev B 12/21/10 
 
There are three DGFOSV at STP 3&4. The stability calculations are conducted for 
two DGFOSV located at the west of the Large Equipment Access Building (LEAB). 
Lateral earth pressures from surcharge loads need to be considered in the stability 
analysis. The influence of the adjacent LEAB foundation to one of the DGFOSV will 
be reviewed during the next audit.  
 
The following loads are considered: 

 Dead Load 
 Live Load 
 Soil Loads (at-rest, active and passive) 
 Snow Load 
 Wind Load 
 Tornado Load 
 Seismic Load  
 Buoyant Force (using the Design Basis Flood of  El. 40 ft) 
 



20 

Foundation stability of the structure is evaluated for the load combinations of D+F’, 
D+H+W, D+H+Wt and D+H+E’ for flotation, overturning and sliding.  For the soil 
load, the dynamic lateral soil pressure with at-rest conditions is evaluated using the 
ASCE Elastic Solution Method.  For dynamic lateral soil pressure with active 
conditions, the Mononobe-Okabe Solution is used.  
 
Stability analyses are performed for site-specific conditions and events including the 
site-specific SSE. Typically the seismic force E’ is obtained from the building 
masses and the accelerations taken from the SSI response, and applied as static 
equivalent inertial forces (see free-body diagram). The free-field input motion to the 
SSI model being such that it envelopes the amplified site-specific motion (obtained 
from the SSI analysis of adjacent heavy structures) at foundation level. Because the 
stability analysis for the DGFOSV was performed prior to the SSI analysis for this 
building, it was decided in this case, to perform instead a fixed-base response 
spectrum analysis using the 0.20g RG1.60 input spectrum, stating that this was a 
conservative approach. The staff noted that this approach required more 
clarification and asked the applicant to confirm that the seismic demand computed 
from the fixed base analysis for stability evaluation was more than the inertial force 
from site-specific SSI analysis considering amplified seismic input.  This was 
captured in audit item 3.7-35.  The applicant agreed to address the issue against 
audit item 3.7-33. 
 
Furthermore, the following design basis data is used: 
 
Maximum ground water level is El. 28 ft. 

The basemat has increased to 81’-6” x 48’-0” i.e., 4ft on all sides.  This should make 
the stability factors calculated here conservative. 

Wind load 125 mph and I = 1.15 (FSAR says 134 mph) 

Tornado Load 200 mph and I = 1.15 

The results of factor of safety against floatation, sliding and overturning are shown 
to be larger than the acceptable values given in SRP 3.8.5. 

Regarding the wind velocities, the applicant uses a 50 year wind  (125 mph) with an 
Importance Factor of I=1.15, while the SRP requires a 100 year wind (134mph) 
together with the factor of 1.15. The applicant stated that a technical justification for 
the design basis wind and importance factor is given in the recent response to RAI 
3.8.4-30 (to be reviewed by the staff). This is audit action item 3.8-11. 

 

D3.1  S&L Presentation on Seismic Stability Analysis 

The presentation included a free body diagram (Fig. 3H.6-137) showing the forces 
acting on the structure for stability calculations. S&L indicated that the total seismic 
demand (E’) is calculated by summing all the inertia forces acting on the structure. 
These inertia forces are calculated by multiplying the mass of each node by the 
absolute value of the maximum acceleration response at that node obtained from 
the SSI analysis. Staff requested that: 

 E’ to be a conservative estimate if compared with the results from the SSI 
analyses 
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 Es to include the dynamic earth pressure effects from the SSSI analysis.  

This is audit action item 3.7-34/35. The applicant agreed to consider the effect of 
dynamic soil pressures in addition to the static soil pressures in evaluating the 
foundation stability. 

 

D3.2  S&L Presentation on Amplified Site-Specific Seismic Motions 

S&L and SGH presented the procedures to determine the site-specific amplified 
input motions to be used in stability analyses. Typical results of the corresponding 
SSI analyses were shown for the RSW (with amplification resulting from the 
proximity to UHS and R/B), and for the DGFOSV (with amplification resulting from 
the proximity to UHS and R/B). The stability analysis of a specific structure is based 
on the absolute accelerations obtained from a 3D SSI model whose free-field 
excitation is such that it envelopes the amplified site-specific SSE motion at 
foundation level. The details of this procedure and further discussions are captured 
in the corresponding audit items 3.7-22 and -35 of section 3.7. 

 

E. Discussion of bearing pressure distribution (RAI 03.08.04-35) 

This issue was captured in a new RAI that was released after the previous audit. 
The bearing pressure analysis was discussed, especially methods based on toe 
pressure vs. applicant’s approach of uniform bearing pressure distributed over a 
reduced foundation area (Hansen’s method). Both methods are in use in 
engineering practice and have also been accepted in other NRC reviews, thus staff 
considered the applicant’s approach to be acceptable. However, since bearing 
pressures for structural design are based on linear spring reactions (Winkler 
springs) and not on uniform, partially loaded basemat reactions, the applicant was 
asked to reconcile the structural design to account for the different soil loading 
conditions. This is audit action item 3.8-9. 

 

F. Review calculations for foundation bearing pressure for wind and tornado 
loadings for UHS/PH. 

See description under B1 of this report. 

 

G. Design of DGFOT including design considerations for seismic wave 
propagation 

Calc Report, U7-YARD-S-CALC-DESN-6006, Rev. B: “Basic Structural Design of 
Diesel Generator Fuel Oil Tunnels (DGFOT)” 

Staff was given a short introductory presentation of the analysis and design of the 
DGFOT, especially regarding the loadings resulting from seismic wave propagation 
effects, which are based on ASCE4-98 and a publication by E.C. Goodling: “Buried 
Piping – An Analysis Procedure Update”, June 1983 (copy was handed out). The 
complete review of this structure will be on the agenda for the next audit. 

 
H. Shear averaging for concrete design (RAI 03.08.04-34) 
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This issue was captured in a new RAI. As noted during the previous audit, out-of-
plane shear concrete design is based on averaged values along cut lines across 
entire width of the slab. Staff had expressed that this procedure may lead to unsafe 
designs for out-of-plane shear. The issue was discussed with the applicant during 
the audit, and the applicant agreed to not use the shearing averaging, and revise all 
affected calculations.  This is captured in audit item 3.8-21. 

 

I. Design of RSW piping tunnel including design considerations for seismic 
wave propagation. 
 
The staff reviewed calculation no. U7-RSW-S-CALC-DESN-6001, Revision D, 
“Basic Structural Design of Reactor Service Water (RSW) Tunnel.”  The focus of 
staff review was verifying conformance of the basic design methodology with the 
FSAR, review of analysis and design for seismic wave propagation, and review of 
estimation of required gap at the interface of the tunnel with the Pump House and 
the Control Building.   
 
Analysis and design of the RSW Tunnel is performed using manual calculations.  
Components of the tunnel (roof slab, basemat, walls, intermediate slabs) are 
designed considering applicable loads and load combinations including dead load, 
live load, lateral earth pressure, wind and tornado loads, seismic loads, internal 
flooding loads, and external flood loads.  The following were noted during review of 
the RWS Tunnel design calculation: 
 
1. A surcharge load of 500 psf was used in the design. 
2. Seismic loads were based on acceleration of 0.21g.  This enveloped the 
maximum zero period acceleration from soil-structure interaction analysis (FSAR 
Figure 3H.6-138 and 139).  The staff considers this to be conservative. 
3. Walls and slabs are designed as one-way with walls spanning in the vertical 
direction and slabs spanning between the walls.  This is considered acceptable. 
4. Design lateral earth pressure considered the effects of structure to structure 
interactions.   
5. Loads and load combinations used for design were according to those in FSAR 
Section 3H.6.4.3.  Dead load included provision for equipment and piping loads in 
addition to 50 psf load due to miscellaneous components.  Live load of 200 psf was 
considered in the design.  No thermal loads were considered in the design.  This is 
considered acceptable since the tunnel contains only service water piping.  Wind 
load was based on 134 mph wind and Importance factor of 1.0 and exposure 
category C.  Tornado load was based on site-specific tornado wind parameters. 
6. Seismic wave propagation effects were considered using ASCE 4-98 
methodology.  This is an accepted industry practice, and is considered acceptable.  
However, it was noted that Rayleigh waves with apparent wave velocity of 6600 
ft/sec was considered in the design, whereas the FSAR stated that a velocity of 
3000 ft/sec is used.  This was included as Issue 12 in the Post Audit Clarification 
Requests.  Also, it was noted that additional lateral pressure on tunnel walls at the 
bend due to seismic wave propagation was not considered.  This was identified as 
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audit item 3.8-24.  The applicant agreed to revise the calculations to address the 
issue.  These will be reviewed during the next audit. 
7. Stability evaluation was not reviewed in detail.  It was noted that active earth 
pressure was used for computing seismic demand instead of SSSI pressures.  
There was some general discussion with the applicant on the subject of how 
seismic demand calculation was performed as discussed in D3.1 and D3.2 above.  
The subject was captured in audit item 3.7-33.  The applicant agreed to address the 
issue in RAI response 3.8.4-30 and 3.7.2-24. 
8. The staff reviewed the applicant’s methodology for calculating required gaps 
between the tunnel, and the Control Building (CB) and Pump House (PH).  The staff 
noted that the applicant considered the seismic movement of the buildings and the 
tunnel from SSI analysis.  Total seismic movement for the tunnel also considered 
the seismic movement due to wave propagation with an SRSS combination with the 
seismic movement of the tunnel.  Anticipated building movement for developing 
needed passive resistance, as well as building tilt due to differential settlements for 
stability were also included in calculating required gaps.  The staff considered the 
methodology to be acceptable since it considered contributions from all major 
anticipated building movements for calculating required building gaps at the 
interface of the tunnel and the CB and the PH. 
 
The staff noted that several areas of design of the tunnel were not complete at time 
of the audit, e.g., global tornado missile impact evaluation for the access region of 
the tunnel, tunnel walls in the corner region, access covers, etc.    
 
 
J. Discussion of Code Editions for ACI-349 and ASME III Division 2 (RAI 
03.08.04-36) 
 
In STD DEP 1.8-1, the applicant had proposed to use the 1997 edition of ACI 349 in 
place of 1980 edition of ACI 349 which was the basis for the ABWR design 
certification.   Similarly, ASME Code Section III Division 2 Edition 2001 with 2003 
addenda is referenced in the FSAR in lieu of ASME code version 1989 which is the 
basis for design certification.  RAI 03.08.04-33 asked for comparison of ACI 349 
and ASME Code Section III newer versions with those in the original design. In the 
previous audit, the staff had reviewed the document titled  “STP Audit FSAR 
Chapter 3.8 A - Use of Newer Code Versions after Certification” and had noted  that 
the code changes do not either apply to ABWR standard design or reduce the 
design margins for the ABWR standard design.  However, it was noted that in 
certain instances the newer code may be more restrictive, and result in a more 
robust design.  In a follow up RAI 03.08.04-36 the staff had asked the applicant for 
clarification regarding how the existing design will accommodate these provisions of 
the newer code.  

During the present audit, the applicant presented a draft response to RAI 03.08.04-
36.  The staff generally agreed with the approach in the draft response, and will 
review the RAI response when it is submitted by the applicant. This is audit action 
item 3.8-20. 
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K. Computer Software Validation and Verification 
 
From the list of computer software relevant to chapter 3.8, the V&V documentation 
at S&L was reviewed for the following codes: 

 SAP2000 
 APLAN 
 PCAColumn 
 SAFE 
 TEMCO 
 

Also, a general presentation by S&L on “Software Validation Review Investigation” 
focused on an in-house investigation, performed after the previous audit had raised 
questions regarding the quality of the V&V programs and documentation. 

 

SAP2000, Version 4.10 

SAP2000 is general purpose finite element analysis program that is widely used 
within the engineering community. Staff reviewed the report: Software Verification & 
Validation Report Certification with validation date 1/30/2010, and two supplements 
dated 12/14/2010 and 02/25/2011. Supplement 1 and 2 of the V&V report resulted 
from a RAI that was raised after the previous audit. Of the examples selected for 
review out of the many verification examples provided in the V&V report, two 
correspond to the mentioned supplements. 

The review contained the following models: a) flat plate with fixed/simple supports; 
b) rectangular plate with four supported sides; c) a vertical tube with fixed supports 
and a two-leg frame with a fixed and a gap support. The shell results were 
compared against corresponding ANSYS models, and the frame results were 
compared against solutions in the literature. The shell examples verify the use of 
thick/thin shell elements with dynamic loads by comparing the resulting frequencies, 
displacements and time histories. The frame model verifies the gap element that is 
also used in the analysis to simulate uplift. Differences with the bench mark are 
generally less than 1%, but may be as high as 8% for some forces. The observed 
deviations are typical for engineering applications and were considered acceptable. 

 
PCACOLUMN, Version 4.10 

PCAColumn was originally developed by the Portland Cement Association for the 
design of concrete column sections using ACI 318-02 / 05. It is written for personal 
computer.  S&L has validated and verified this program for use through the 
examples provided by the vendor (Portland Cement Association).It considers 
slenderness effects, uni-or biaxial bending, compression and tension and P&M 
diagrams. Staff reviewed the report: Software Verification & Validation Report 
Certification with validation date 08/12/2008. The report contains 21 examples 
covering all possible features of the program. Results are compared with hand 
calculations and published results. All deviations are within about 5%, which was 
considered acceptable. ACI 349-97 used in STP 3&4 design is not covered by this 
V&V, however it was assured that results from PCAColumn are evaluated in the 
calcs against the special code requirements in ACI 349-97.  The staff needs to 
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review in further detail how this assurance is implemented.  This will be included in 
the next audit. 

 
SAFE PC, Version 8.0.6 

SAFE is a standalone program derived from SAP2000 with reduced capabilities 
specialized for the design of slabs and beams, and is not considered a post 
processor of SAP as it includes an own finite element analysis processor. S&L has 
acquired this commercial vendor software from Computers and Structures Inc. It is 
noted that the program is validated for use with English units of measurement. 
Concrete design is according to ACI 318-95 / 02. ACI 349-97 is not implemented 
but users are required to evaluate the calcs for any code deviations. The staff needs 
to review in further detail how this requirement is implemented.  This will be 
included in the next audit.   

The verification manual contains several examples which are compared with hand 
calcs based on Timoshenko examples. Examples include: rectangular plates; plate 
on equidistant columns; flat plate on elastic foundation; uplift; mixed boundary 
conditions; bending and shear and punching shear. One example showed a shear 
stress deviation of 30%. Staff requested to implement a release memo warning the 
user about this issue when the program is started. This is audit action item 3.8-22. 

APLAN 

APLAN “Attachment Plate Analysis”, is a program developed by S&L to analyze 
rectangular steel attachment plates to concrete via expansion anchors, headed 
studs or wire embedment. Staff reviewed the report: Software Verification & 
Validation Report Certification with validation date 12/18/2002. Two samples were 
selected for review: a) a plate with eight expansion anchors and b) a plate with four 
studs. The results i.e. partial contact of plate with wall, shear and axial reactions at 
anchors and maximum stress in the steel plate, were compared against the industry 
recognized program ADINA and were found to be in good agreement. 

TEMCO 

This is a S&L program to analyze RC beam and plate sections subjected to non-
thermal (axial, shear, uniaxial and biaxial bending) and thermal loads.  The program 
can also perform reinforcement design for concrete sections subjected to axial, 
bending or shear forces.  The effect of the temperature is induced in a section by 
reactions created by the curvature and axial restraints.  Temperature variations 
across the depth of the section can be linear or nonlinear.  Further, it can analyze 
cracked or uncracked concrete sections for material properties which are linear or 
nonlinear. The program was validated for plate problems with experimental results. 
For other features, the validation is based on hand calcs of nine examples taken 
from the literature and ACI 349.1R-07. Staff found the verification results to be in 
good agreement, and considered the V&V of this computer program to be 
acceptable. 
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List of Calculations Reviewed in the Audit 
 

CALC-EORA-020, 
Rev.0 

“Dynamic Bearing Capacity Analysis for the 
UHS Basin and the RSW Pump House Under 
Wind and Tornado Loading” 

U7-YARD-S-CALC-
DESN-6001, Rev. E 

“Basic Structural Design of Diesel Generator 
Fuel Oil Storage Vaults” 

U7-YARD-S-CALC-
DESN-6002 Rev B 
12/21/10 

Diesel Generator Fuel Oil Storage Vaults 
Stability Evaluation (Licensing) 

U7-UHS-S-CALC-
DESN-6002, Rev A 

Structural Evaluation of the UHS and RSW 
Pump House, Attachment AA: Mesh Sensitivity 

U7-YARD-S-CALC-
DESN-6006, Rev. B 

“Basic Structural Design of Diesel Generator 
Fuel Oil Tunnels (DGFOT)” 

U7-RB-C-CALC-
DESN-6024, Rev. A 

“Reactor Building Foundation Stability 
Evaluations (Licensing)”, (MACTEC)  

SAP2000 SVVR, v. 
14.1 (Main) 

Software Verification & Validation Report 
Certification with validation date 1/30/2010 

SAP2000 SVVR, v. 
14.1 (Supplement 1) 

Software Verification & Validation Report 
Certification with validation date 12/14/2010 

SAP2000 SVVR, v. 
14.1 (Supplement 2) 

Software Verification & Validation Report 
Certification with validation date 02/25/2011 

PCAColumn SVVR, v. 
4.10 

Software Verification & Validation Report 
Certification with validation date 08/12/2008. 

SAFE SVVR, v. 8.06 Software Verification & Validation Report 
Certification with validation date 09/05/2005. 

APLAN SVVR, v. 2.0 Software Verification & Validation Report 
Certification with validation date 12/18/2002. 

TEMCO SVVR, v. 1.0 Software Verification & Validation Report 
Certification with validation date 12/12/1990. 

U7-RSW-S-CALC-
DESN-6001, Rev.D 

Basic Structural Design of Reactor Service 
Water (RSW) Tunnel. 

 
 
 

4.   Conclusion 
 

The March 14 to 18, 2011, audit provided the NRC staff an opportunity to review the 
design analyses that will be used to support the STP Units 3 and 4 that will be used 
to support Chapters 3.7 and 3.8 of the STP Units 3 and 4 FSAR.  There were no 
findings, but supplemental or revised responses to several existing RAIs will be 
issued to address the NRC comments from this audit.  
 
The audit concluded with an exit meeting that summarized the discussions and the 
disposition of the issues raised during the audit.  It was agreed in the exit meeting 
that there are follow-up actions resulting from this audit, and it was not possible to 
complete the review of all design, such as the ultimate heat sink.  The remaining 
review activities will be completed in a follow-up audit. 
 
There were several observations listed below: 



27 

a. Calculation U7-SITE-C-CALC-DESN-6020, documents the analyses performed 
to evaluate the effects of SSSI on soil pressure profile.  The applicant was 
requested to update the analysis to check soil pressures for the UB backfill.  
This will be re-visited in the follow-up audit. 
 

b. Calculation U7-SITE-C-CALC-DESN-6001, Rev. B, documents the SSI analysis 
to determine enveloped seismic responses at key locations in the UHS/RSWPH 
for full basin condition and SSE input.  The applicant was asked to verify Table 3 
because of a discrepancy in the reported frequencies for the full basin condition. 
 

c. Calculation U7-YARD-S-CALC-DESN-6008, Rev A, documents a 2-D model for 
the DGFOSC.  The fuel oil storage tank is modeled as rigid with its mass 
lumped at the center of gravity.  It was suggested that the assumptions in the 
analysis requiring the tank to be rigid should be addressed in the procurement 
specification. 

 
d. Calculation U7-UHS-C-CALC-DESN-6005, documents the results of SSI 

analysis of the full and empty basin conditions using a refined 3-D model.  The 
applicant would scale up the maximum acceleration response of the RSWPH 
roof by an additional 25% to account for the effects of structural mesh 
refinement. 
 

e. Calculation U7-YARD-C-CALC-DESN-6001, Rev. B, documents the SSI 
analysis of the DGFOSV to produce ISRS, maximum accelerations in the 
structure as well as relative displacements, forces, and moments for the walls.  
In a modified model that subdivided the 6-ft toe lap into two 3-ft elements, the 
minimum passing frequency is increased from 20 Hz to 40 Hz for all soil cases, 
and the response input in the z-direction is increased by 14.6% at 3.8 Hz.  The 
applicant was asked to address this increase.  The applicant was also asked to 
provide a comparison in a supplemental RAI response of ISRS for uncracked 
and cracked models for the UB in-situ soil cases. 
 

f. Calculation U7-RSW-C-CALC-DESN-6001, documents 2-D SSI analysis of an 
east-west section of the RSW tunnel subjected to site-specific SSE to produce 
ISRS, peak nodal accelerations, maximum relative displacements, and seismic 
soil pressures to be used for design.  The applicant was requested to include in 
the FSAR the new characterization of the input motion that accounts for the 
SSSI effects. 
 

g. In the audit associated with stability evaluation, S&L/NINA agreed to consider 
the effect of dynamic soil pressures in addition to the static soil pressures in 
evaluating the foundation stability. 
 

h. A future audit will be scheduled to complete the review of analyses not 
addressed in this audit. 

 
 


