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Request for Additional Information No. 37 

7/27/2009

Bell Bend 
PPL Bell Bend LLC. 
Docket No. 52-039 

SRP Section: 03.07.02 - Seismic System Analysis 
Application Section: 3.7.2 

QUESTIONS for Structural Engineering Branch 1 (AP1000/EPR Projects) (SEB1) 

03.07.02-1
Bell Bend Nuclear Power Plant (BBNPP) combined license (COL) Final Safety Analysis 
Report (FSAR) Section 3.7.2, page 3-39, states that a COL applicant that references the 
U.S. EPR design certification will confirm that the site-specific seismic response is within 
the parameters of  Section 3.7 of the U.S. EPR standard design.  The FSAR addresses 
the COL item by stating, on page 3-40, that the site-specific Nuclear Island (NI) basemat 
response spectra, response spectra at the Emergency Power Generating Buildings’ 
(EPGB) and Emergency Service Water Buildings’ (ESWB) footprints, In-Structure 
Response Spectra (ISRS) and maximum accelerations represent a departure from the 
U.S. EPR FSAR, as described in Section 3.7.1.1.1 and augment the response spectra 
and maximum accelerations in the U.S. EPR FSAR.  Please explain how NI basemat 
response spectra, response spectra at the EPGB and ESWB footprints, ISRS and 
maximum accelerations are used to augment the analysis that was done for the U.S. 
EPR Certified Design by providing specific examples of their application to the design of 
U.S. EPR structures, systems, and components (SSCs) at the BBNPP site. 

03.07.02-2
FSAR Section 3.7.2 (Seismic System Analysis) on page 3-39, provides a description of a 
dynamic finite element model (ANSYS) of the NI Common Basemat Structures, which is 
based on the detailed static finite element model. A compatibility check showing a 
comparison of results between the dynamic and static finite element model is provided in 
Figures 3.7-99 through 3.7-116.  

(1)       Describe the input that was used to provide the comparison of results, and 
provide the response spectra of the input motion used in the dynamic analysis. 

(2)      Describe why a separate dynamic model was necessary, and reconcile the 
exceedances of the static model results with the dynamic model results. 

(3)       Explain the legends at the bottom of each figure and explain why in many cases 
multiple results for both static and dynamic models are provided in Figures 3.7-99 
through 3.7-116. 

(4)      Is the static model referred to in the BBNPP FSAR the same as the one used for 
the certified design of the U.S. EPR standard plant?  If not, identify the differences 
and describe the impact these differences have on the U.S. EPR certified design. 

(5)       The static loads representing dead and live loads from the static finite element 
model are converted to masses for the dynamic finite element model.   
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(a)   What percentage of these loads is used to represent additional mass in the 
dynamic model? 

(b)   Does the application of these additional masses meet SRP Acceptance Criteria 
3.D of SRP Section 3.7.2?  If not, provide justification. 

03.07.02-3
FSAR Section 3.7.2 on page 3-39 describes a number of site-specific changes that have 
been made to the seismic models described in the U.S. EPR FSAR. To assist the staff in 
its review of FSAR Section 3.7.2, provide in a table format: 
(1)  The structure being modeled; 
(2) The type of model (stick or FEM): 
(3) The computer code used; 
(4) The purpose of the analysis;  
(5)  Whether the model proposed for use at BBNPP is identical to the model used for the 
U.S. EPR certified design; and 
(6)  If site-specific changes have been made to the U.S. EPR design certification model 
for the BBNPP, identify the changes and provide supporting reasons for the changes. 

03.07.02-4
FSAR Section 3.7.2 states on page 3-39 that section properties of the stick models for 
both the reactor building internal structure (RBIS) and reactor containment building 
(RCB) were modified to capture the response due to the high frequency content of the 
ground motion response spectra (GMRS).   

(1) (a)    As this site-specific modification represents a departure from the U.S. EPR 
design basis, describe how the RBIS and RCB models were modified; and 

 (b)   Describe how these changes allow capture of the high frequency input 
contained in the GMRS.  

(2) Provide comparisons of the new site-specific models to the EPR certified design 
models which illustrate the site-specific changes that were made.   

(3) (a)   If used in the U.S. EPR seismic analysis, would the revised RBIS and RCB stick 
models change the seismic results  presented in the U.S. EPR FSAR?; and 

 (b)   if so, describe the nature of the change and explain why the seismic results of 
the U.S. EPR certified design are still valid.   

(4)   The NRC Interim Staff Guidance (COL/DC-ISG-1, Interim Staff Guidance on 
Seismic Issues Associated with High Frequency Ground Motion in Design 
Certification and Combined License Applications, May 2008) indicates that structural 
models should have the capability to capture responses to at least 50 Hz.    As the 
GMRS has a zero period acceleration (ZPA) greater than 50 Hz, explain how the 
change to a dynamic finite element model (FEM) for the NI common basemat 
structures captures frequencies of up to at least 50 Hz and identify the cutoff 
frequency used in the seismic analysis of this structure. 

03.07.02-5
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FSAR Section 3.7.2 states on page 3-40 that an input motion called G1.1 was used as a 
study motion to compare the ISRS at key locations of the RBIS and RCB between the 
concrete-only stick models, the static finite element models and, in the case of the RCB, 
the dynamic finite element model.  The FSAR also states the G1.1 has frequency 
content similar to that of the BBNPP GMRS.   

(1)       Provide a comparison of the response spectrum of the G1.1 input motion with the 
GRMS base-lined to the same ZPA.   

(2)      Describe the development of the G1.1 input motion and how it meets SRP 
Acceptance Criteria 1.B of SRP Section 3.7.1.  

(3)       Explain why G1.1 was used for this study rather than the BBNPP GMRS. 

03.07.02-6
FSAR Section 3.7.2 states on page 3-40 that the ESWB model has the same number of 
modes and elements as the original model, except for node re-sequencing and the 
reshaping of the elements. 

(1)          Please explain the reasons for renumbering the nodes and reshaping the 
elements, and explain what impact these changes have on the natural 
frequencies of the original model. 

(2)          Why is it valid to compare the ESWB seismic analysis results from the U.S. 
EPR certified design with those from the BBNPP site, when in each case 
different models were used for this structure?  

03.07.02-7
FSAR Section 3.7.2 states on page 3-40 that for the EPGB, the soil structure interaction 
(SSI) model is a refined FEM and represents a departure from the U.S. EPR FSAR.   

(1)    Describe the site-specific changes to the model and why they were made. 
(2)    Will physical changes be made to the building (EPGB) described in the U.S. EPR 

FSAR?  If so, explain the reasons for these changes and why they are necessary. 
(3)   Explain why a comparison of ISRS values and ZPA values in the BBNPP FSAR and 

the U.S. EPR FSAR remain valid, since in each case a different structure and 
seismic model was used. 

(4)(a)    Are the original design loads and critical sections presented in the U.S. EPR 
FSAR still valid for the BBNPP site? 

 (b)  If not, describe the differences between the U.S. EPR EPGB and the BBNPP 
EPGB, and provide reasons why the BBNPP EPGB should not be considered as a 
site-specific structure.  

(5)   Provide the basis for the design loads and ISRS for the BBNPP EPGB. 

03.07.02-8
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FSAR Section 3.7.2 states on page 3-40 that the 26 Hz cutoff frequency is deemed 
sufficient for the BBNPP ESWB, as it is governed by low frequency input motion and 
there is no high frequency sensitive equipment currently identified for this structure.  
Since the GMRS has a ZPA that exceeds 50 Hz, provide the following information 
regarding this structure.  

(1)   How was this cutoff frequency determined?  
(2)   How was the NRC Interim Staff Guidance (COL/DC-ISG-1, May 2008) considered 

in determining the cutoff frequency?  
(3)   List and describe the equipment, including breakers and control modules, which will 

be located in the BBNPP ESWB, and identify the frequency range for which the 
equipment will need to be seismically qualified.    

(4)   For the BBNPP ESWB, provide a comparison of the difference(s) in the BBNPP 
ESWB response and ISRS between a 26 Hz cutoff frequency and 50 Hz cutoff 
frequency.

(5)  Table 3.7.2-7 of the U.S. EPR FSAR identifies slabs with cutoff frequencies above 
26 Hz. 

 (a)  What is the impact of higher frequencies on the design loads for these slabs? 
 (b)  Were these higher frequencies considered?   
 (c) If not, provide justification for omitting this analysis.?   
(6)   Since the BBNPP EPGB used a cutoff frequency of 50 Hz, please explain why the 

same cutoff frequency wasn’t used for the BBNPP ESWB.   

03.07.02-9
FSAR Section 3.7.2.1.2, page 3-41, provides a description of the seismic design 
evaluation of the BBNPP Essential Service Water Emergency Makeup System 
(ESWEMS) Pumphouse. 

(1)    For clarification, provide a figure of the dynamic analysis model in the FSAR 
including the boundary conditions and the point of application of the input motion.   

(2)   Provide a description and basis for the soil springs used to support the model.  
(3)    FSAR Section 3.7.2.1.2 (Response Spectrum Method) states on page 3-41 that 

Figure 3.7-1 presents the response spectrum at 5 percent damping used in the 
analysis of the ESWEMS.  The referenced figure is actually the GMRS.  Is this the 
correct reference?  If not, provide the correct reference in the FSAR. 

(4)    In FSAR Section 3.7.2.1.1 (Time History Analysis Method) on page 3-41, there is a 
reference missing in the second sentence.  Correct the FSAR to include the 
reference.

03.07.02-10
FSAR Section 3.7.2.1.4 (Equivalent Static Load Method of Analysis) states on 
page 3-41 that the steel platforms, hangers and/or monorail of the ESWEMS 
Pumphouse will be analyzed using the equivalent static method during detailed 
design.  It also states that the accelerations for this analysis are determined 
directly from the soil-structure interaction time history analysis of the structure. 
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(1)    As upper bound (UB), best estimate (BE) and lower bound (LB) soil 
profiles were used in the SSI analysis, provide the basis for the selection 
of the accelerations to be applied to the components listed. 

(2)    State whether the application of the three components of earthquake 
motion meets the guidance of Regulatory Guide 1.92, Combining Modal 
Responses and Spatial Components in Seismic Response Analysis, Rev. 
2 (July 2006) (RG 1.92),  and include a description of how out-of-plane 
motion is accounted for in the analysis of these components. 

(3)    Justify the direct use of the accelerations from the seismic analysis of 
the building; and  

Justify why the peak acceleration from the ISRS at these points multiplied by a 
factor of 1.5 should not be used for these componentsmultiplied by a factor of 1.5 
should not be used for these components.   

03.07.02-11
FSAR Section 3.7.2.2 ({Natural Frequencies} and Response Loads) states on page 3-42 
that seismic loads in the equivalent static analysis are calculated by applying 
accelerations determined from the SSI time history analysis to the applicable masses in 
the finite element model.  The FSAR then states that a comparison of the nodal 
accelerations indicates that the response accelerations from the SASSI analysis are 
enveloped by the effective accelerations used in the response spectrum method.  

(1)     Describe how the loads are determined from the response spectrum analysis 
method.

(2)      Describe how the loads are used to determine the bending moments, axial forces, 
and shear forces used in the design of the structure. 

(3)  (a)    Describe in the FSAR how modal responses are combined. 
 (b)  Explain the extent to which the process used meets the guidance of Regulatory 

Guide 1.92. 
 (c)    If the methods used for BBNPP do not conform to the RG guidance, provide 

justification for the method used. 
(4)      The figures referenced are identical and appear to provide nodal identifications for 

the GT-STRUDL FEM.  Please identify the reference and/or figure for the FEM 
model used in the SASSI analysis, and explain why these node points were selected. 

(5)       Provide the basis for the design loads of this structure. 
(6)       The foundation input response spectra (FIRS) for this structure has a ZPA of 

0.21g horizontal and 0.18g vertical.  Please explain why some of the horizontal 
response accelerations listed in the time history analysis in Table 3.7-7 are less than 
the ZPA of the FIRS.

(7) (a)      Provide a comparison of the natural frequencies and mass participation factors 
for each of the models. 

 (b)      Describe any refinement analysis that was performed on the models to meet 
SRP Acceptance Criteria 3.C.ii of SRP Section 3.7.2.
(a)        If no such refinement analysis was performed, justify the omission of this 

analysis and explain the accuracy of the results achieved without it. 

03.07.02-12
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FSAR Section 3.7.2.3.2 states on page 3-44 that the hydrodynamic effects on the wing 
walls are represented as nodal masses, consistent with the constrained mass of water 
between the wing walls as well as the sloshing component.  For seismic motions parallel 
to the wing walls the mass of the water will behave differently when the ESWEMS pump 
house is moving away from the pond than when it is moving toward the pond.  As both 
the time history analysis and response spectrum analysis are based on an assumption 
of linear response, how was the nonlinear response of the water taken into account in 
each of the analyses of this structure (SASSI and Response Spectrum)? 

03.07.02-13
FSAR Section 3.7.2.3.2 states on page 3-43 under ‘Analytical Modeling for Response 
Spectrum Analysis’ that if the reaction forces are beyond the capability of the shear key 
to withstand, then lateral friction forces will be taken into account to reduce the reaction 
forces.

(1)      What is the design capacity of each shear key and what are the reaction loads at 
the shear key locations? 

(2)      If the shear key design capacity is exceeded, describe how the lateral friction 
forces will be taken into account to reduce the reaction forces.  In your response, 
include coefficients of friction and their basis, and assumed dead load; explain 
whether uplift was considered in determining the available friction reaction force; and 
address the basis for assuming that the shear key still has some capacity to resist 
lateral loads. 

(3)       If the shear key reaction forces are exceeded, the response of the structure 
becomes nonlinear.  Please explain how the linear response spectrum analysis 
method can be used to analyze this nonlinear response. 

03.07.02-14
FSAR Section 3.7.2.6 (Three Components of Earthquake Motion) states on page 3-45 
that three statistically independent earthquake time histories are used for the SSI 
analysis of the ESWEMS Pumphouse.  For the response spectrum analysis of the 
ESWEMS Pumphouse, inertia loads are applied in three orthogonal directions and 
internal forces and moments in the structure from each of these applied earthquakes are 
combined by the 100-40-40 rule from ASCE Standard 4-98 (ASCE, 1986).  The staff has 
not accepted ASCE 4-98 as providing guidance for the analysis of nuclear power plant 
structures.

(1)      Please explain the basis for the formulas used from ASCE Standard 4-98, and 
why the guidance provided in RG 1.92, Revision 2 was not used.

(2)      Provide the basis for combining the results from the SSI analysis.  
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03.07.02-15
FSAR Section 3.7.2.3.3 (Seismic Category II Structures) states on page 3-44 that 
BBNPP utilizes a Seismic Classification of Seismic Category II-SSE (safe-shutdown 
earthquake) to address Fire Protection structures, systems, and components (SSC) that 
are relied upon  to remain functional during and following a seismic event, in order to 
support equipment which is relied upon  to achieve safe shutdown in accordance with 
Regulatory Guide 1.189, Fire Protection for Nuclear Power Plants, Rev. 1 (March 2007) 
(Regulatory Guide 1.189). A similar statement is presented in FSAR Section 3.2.1.2. 
This new Seismic Category II-SSE classification, however, is not addressed in the SRP, 
Regulatory Guide 1.189, or other Regulatory Guides. Regulatory Guide 1.189 indicates 
that fire protection systems are designed to remain functional during and following a 
safe-shutdown earthquake (SSE) but does not specifically recommend or endorse a new 
seismic classification.  

The NRC Staff requests that the applicant provide the technical basis for introducing and 
using this new Seismic Category II-SSE classification for the BBNPP design. 

03.07.02-16
The interaction of non-seismic Category I structures with seismic Category I structures is 
described in FSAR Section 3.7.2.8.  In this section on page 3-46, it states that fire 
protection SSCs are categorized as either Seismic Category II-SSE, meaning the SSC 
must remain functional during and after an SSE, or Seismic Category II, meaning the 
SSC must remain intact after an SSE without deleterious interaction with Seismic 
Category I or Seismic Category II-SSE SSCs.  The U.S. EPR FSAR states on page 3.7-
95 that Seismic Category II SSCs are  designed using the same criteria as Seismic 
Category I structures.  In SRP Acceptance Criterion 8 of SRP Section 3.7.2, which 
addresses the interaction of non-Category I structures with Category I SSCs, it states 
that when non-Category I structures are designed to prevent failure under an SSE event, 
the margin of safety shall be equivalent to that of the Seismic Category I structure.   

(1)  (a)       Describe how a Seismic Category I margin of safety is achieved for the 
Seismic Category II-SSE and Seismic Category II portions of the fire protection 
system.  Include in your response the seismic inputs, seismic models, loading 
combinations, codes and acceptance criteria. 

 (b)  Identify and explain the differences between the methods of analysis, design, 
and acceptance criteria for Seismic Category II-SSE SSCs and those used for 
Seismic Category II SSCs.

(2)      Describe the basis of the design response spectra used to analyze above ground 
seismic Category II and seismic Category II-SSE fire protection SSCs, including the 
fire protection tanks, and provide figures in the FSAR. 

(3)  (a)       Identify and explain the methods of analysis and acceptance criteria for both 
the buried and above ground portions of the Seismic Category II-SSE fire protection 
system. 

 (b)       Explain how the applicant will ensure that these portions of the system remain 
functional following an SSE event. 

(4)  (a)      Identify and explain the modeling and analysis methods used for the fire 
protection tanks. 
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      (b)       To what extent do the fire protection tanks meet SRP Acceptance Criteria 
14.A through 14.J of SRP Section 3.7.3? 

 (c)       Where the tank analysis does not meet the SRP Acceptance Criteria 14.A 
through 14.J of SRP Section 3.7.3, provide the technical justification for not doing so.  

03.07.02-17
FSAR Section 3.7.2.8 states on page 3-47 that the U.S.EPR FSAR Section 3.7.2.8 
addresses the interaction of certain Non-Seismic Category I structures with Seismic 
Category I structures. These structures are the Vent Stack, Nuclear Auxiliary Building 
(NAB), Access Building (AB), Turbine Building (TB), Radioactive Waste Processing 
Building (RWPB), the Firewater Storage Tanks, and the Fire Protection Building. 

(1)      The Fire Protection Tanks and Fire Protection Building are classified as Seismic 
Category II-SSE in the BBNPP FSAR.  The U.S. EPR FSAR classifies these 
structures as conventional seismic.  Clarify whether you intend to depart from this 
provision of the U.S. EPR FSAR, and if so, describe the departure. 

(2)      A seismic analysis was performed for the NAB in the U.S. EPR FSAR. 
(a)   Since the NAB could potentially interact with Seismic Category I structures, 

reconcile the U.S. EPR analysis with the site-specific analysis of the BBNPP 
NAB.

(b)   Also, demonstrate that the combined displacement of this structure and that of 
the NI Common Basemat Structure is enveloped by the results of the U.S. EPR 
analysis.

03.07.02-18
FSAR Section 3.7.2.8 states on page 3-44 that the Switchgear Building is adjacent to the 
Turbine Building and is analyzed using the same methodology as that employed for the 
Turbine Building.

(1)      Identify and explain the potential interactions of the Switchgear Building with 
other Seismic Category I structures. 

(2)      Explain what effect the Switchgear Building structure could have on the 
Turbine Building,  which is capable of interacting with Seismic Category I 
structures.

(3)      To assist the staff in its review, using the SRP Acceptance Criteria 08 of SRP 
Section 3.7.2, state how the Switchgear Building is analyzed, its seismic input, 
the codes and acceptance criteria and its factor of safety against collapse. 

(4)      Provide an evaluation of the potential interaction of the conventional seismic 
ESWEMS Pumphouse with other seismic Category I SSCs. 

03.07.02-19
FSAR Section 3.7.2.9 (Effect of Parameter Variation on Floor Response Spectra), on 
page 3-48, describes the effects of parameter variations on floor response spectra and 
states that to account for uncertainties or variations in parameters, ISRS for the 
ESWEMS Pumphouse are broadened +/- 15 percent, in accordance with ASCE 4-98 
and Regulatory Guide 1.122, Development of Floor Design Response Spectra for 
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Seismic Design of Floor-Supported Equipment or Components, Rev. 1 (February 1978) 
(RG 1.122).  However, the text in FSAR Section 3.7.2.5 only references RG 1.122 and 
SRP Section 3.7.  ASCE 4-98 has not been accepted for use by the staff to develop 
ISRS, and, in addition, provides methods to account for uncertainties and parameter 
variations that are not included in the regulatory guide.   

(1)      Provide the specific methods used to account for uncertainties and parameter 
variations in the analysis, and state whether or not these methods meet the 
guidance in RG 1.122.   

(2)      If they do not, provide the technical justification for the specific methods used. 
(3)      The reference for ASCE 4-98 in Section 3.7.2.9 is listed as ASCE, 1986. State 

which code revision is being used and identify the correct revision dates. 

03.07.02-20
FSAR Section 3.7.2.11 (Method Used to Account for Torsional Effects) states on page 3-
49 that the conservatism in modeling the supporting boundary conditions, especially at 
the shear keys, satisfies the accidental torsion to be considered in accordance with 
ASCE 4-98 (ASCE, 1986).  The staff has not accepted ASCE 4-98 as providing general 
guidance for performing seismic analysis.  The staff requests that the applicant describe 
how the analysis performed meets SRP Acceptance Criteria 11 of SRP Section 3.7.2, 
“Methods Used to Account for Torsional Effects,” or provide justification as to why it does 
not meet the SRP Acceptance Criteria. 

03.07.02-21
FSAR Section 3.7.2.12 (Comparison of Responses) states on page 3-49 that multiple 
seismic methods are not employed for the ESWEMS Pumphouse.  However, FSAR 
Section 3.7.2.2 provides a comparison of results using the time history input method with 
the results obtained using the response spectrum method.  The staff requests that the 
applicant identify each of the seismic methods used and identify the purpose of each as 
they apply to the ESWEMS Pumphouse. 

03.07.02-22
SRP Acceptance Criteria 14 of SRP Section 3.7.2 states that the determination of 
seismic overturning moments and sliding forces should include three components of 
input motion and conservative consideration of the simultaneous action of the vertical 
and horizontal seismic forces.   

(1)   Describe the calculation method for determining the overturning moments and 
sliding forces for the stability analysis of Seismic Category I, Seismic Category II-
SSE, Seismic Category II and conventional seismic structures that could interact 
with Seismic Category I structures and whether this method meets Acceptance 
Criteria 14 of SRP Section 3.7.2. If not, provide justification for the method used.  

(2)   As the GRMS exceeds the CSDRS at higher frequencies, provide the factors of 
safety against overturning and sliding stability for the U.S. EPR Seismic Category 
I structures at the BBNPP site.  
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(3)   Provide the factors of safety against overturning and sliding stability for Seismic 
Category II-SSE, Seismic Category II and conventional seismic structures that 
could interact with Seismic Category I structures at the BBNPP site. 



Request for Additional Information No. 37 

7/27/2009

Bell Bend 
PPL Bell Bend LLC. 
Docket No. 52-039 

SRP Section: 03.07.03 - Seismic Subsystem Analysis 
Application Section: 3.7.3 

QUESTIONS for Structural Engineering Branch 1 (AP1000/EPR Projects) (SEB1) 

03.07.03-1
FSAR Section 3.7.3.12 starting on page 3-50 describes the analysis for buried Seismic 
Category I piping, conduits and tunnels and indicates that the analyses will be done in 
accordance with American Society of Civil Engineers (ASCE)4-98 (Note: reference to 
ASCE 4-86 appears to be incorrect).  For the analysis of these buried utilities, provide 
the following information: 

1. Provide the basis for the foundation input response spectra (FIRS) shown in Figures 
3.7-151 and 3.7-152. 

2. Describe any computer codes used and their application to the analysis and design of 
buried utilities. 

3. Provide the soil properties used in the analysis and how differences in soil properties 
are accommodated in the analysis. 

4. Identify the design codes and acceptance criteria for each category of buried utilities. 
5. Describe the missile protection provided for safety-related buried utilities. 
6. Describe how ground water effects are considered in the analysis. 
7. For utility runs that are both above and below ground, describe how above ground 

inertial effects are combined with below ground seismic wave effects. 
8. Describe how the wave velocities are determined for calculating the maximum axial 

strain.
9. Provide the basis for determining the maximum friction force per unit length of pipe. 

10. Describe how displacement time histories were generated for structures from the 
SASSI analyses. 

11. Describe how the building anchor point displacements are determined and how these 
are combined with seismic wave effects and soil loads.  Include in the description how 
out-of-phase displacements between the free field and building response are 
addressed.
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Request for Additional Information No. 37 

7/27/2009

Bell Bend 
PPL Bell Bend LLC. 
Docket No. 52-039 

SRP Section: 03.07.01 - Seismic Design Parameters 
Application Section: 3.7.1 

QUESTIONS for Structural Engineering Branch 1 (AP1000/EPR Projects) (SEB1) 

03.07.01-1

The Final Safety Analysis Report (FSAR) for the Bell Bend Nuclear Power Plant 
(BBNPP) states that the Ground Motion Response Spectra (GMRS) for the BBNPP site 
does not fall within that postulated in the U.S. EPR design certification (DC) application.  
To address this, in the BBNPP FSAR Section 3.7.1.1.1 (Design Ground Motion 
Response Spectra) on page 3-33, it states that in addition to the Certified Seismic 
Design Response Spectra (CSDRS) anchored at 0.30g peak ground acceleration (PGA) 
for the generic soil profiles defined in the U.S. EPR FSAR, the design of the BBNPP 
shall consider the GMRS as a design motion in combination with the site specific soil 
profiles.

1)       What is the meaning of the phrase “shall consider” and how will the GMRS 
discussed in BBNPP FSAR Section 3.7.1 be used in the design of the BBNPP?  In 
your response, please address both U.S EPR and site-specific seismic Category I 
structures, systems and components (SSCs).  

2)      On page 3-33 it also states that the horizontal Safe Shutdown Earthquake (SSE) 
for the Bell Bend site is defined as the envelope of the GMRS and the 0.1g European 
Utility Requirements (EUR) based CSDRS curves.  If this is the horizontal SSE, 
explain why it is not used as the basis for the confirmatory analysis of the Nuclear 
Island (NI) Common Basemat structures, Emergency Power Generating Buildings 
(EPGB), Essential Service Water Buildings (ESWB), and site-specific seismic 
Category I structures at the Bell Bend site. 

03.07.01-2
In FSAR Section 3.7.1.1 (Design Ground Motion) on page 3-31 it states the BBNPP site 
specific reactor coolant system (RCS) seismic loads are confirmed to be within the U.S. 
EPR Design Certification RCS seismic loads envelope.  The applicant is requested to 
provide the specific steps that were used to develop the loads for this comparison and 
provide the results of the comparison for the locations identified on page 3-31 of the 
FSAR.  Indicate in your response whether the load comparison was done with the 
results of the simplified RCS model included in the NI common basemat structures 
model or if the load comparison was done with the detailed seismic model of the RCS.  
Also indicate if a load comparison was done between the BBNPP simplified RCS model 
results and the BBNPP detailed RCS model results and whether these results are 
comparable.  Provide examples of this comparison in your response.  If such a 
comparison was not done provide justification for not doing so. 
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03.07.01-3
FSAR Section 3.7.1.1.1 (Design Ground Motion Response Spectra), starting on page 3-
35, describes the site specific analysis for the NI Common Basemat Structures.  
However, details relating to the development of seismic design parameters were not 
provided. With regard to this analysis, the applicant is requested to provide the following 
information:

1)       A description of the development of the ground motion input time histories that 
were used in the analysis and how they meet SRP Acceptance Criteria 1.B of SRP 
Section 3.7.1. 

2)      A comparison of the response spectra of the input time histories to the GMRS. 
Demonstrate how the response spectra of the input time histories meet Approach 1 
or Approach 2 of NUREG -0800, Standard Review Plan (SRP) Acceptance Criteria 
1.B of SRP Section 3.7.1. 

3)       A description of how the strain-compatible soil profiles were generated including 
information on (a) the computer code used to develop the results, (b) the assumed 
material degradation models used in the calculations for each soil layer of the base-
case profile, (c) how randomized parameters were selected for each soil layer, (d) 
the correlation model used between layers and its appropriateness for application to 
the Bell Bend site, and (e) plots of low strain velocities for each of the soil profiles 
used in the site response analyses.   

4)      A description of the SSI analyses performed including a description of the 
computer codes, seismic models, how embedment effects were considered, 
modeling assumptions, and properties of the backfill incorporated into the analyses.  

5)       FSAR 3.7.1, Page 3-30, states that Tables 3.7-1 and 3.7-2 presents the seismic 
input ground motion utilized in the seismic design of the seismic Category I structural 
components.  These two tables appear to provide the best estimate (BE) and lower 
bound (LB) soil modeling characteristics.  The statement needs to be corrected and 
the appropriate tables added to the FSAR. 

03.07.01-4
In FSAR Section 3.7.1.1 on page 3-35, it states that the ground motion for the soil-
structure interaction (SSI) analysis of the EPGB and ESWB are based on the foundation 
input response spectra (FIRS) developed by the site response analysis that accounts for 
structure-soil-structure interaction (SSSI) effects due to the influence of the NI. However, 
details relating to the development of the seismic design parameters were not provided 
and it is not clear whether they meet the acceptance criteria of SRP Section 3.7.1 and 
SRP 3.7.2. 

1)        Describe in detail the process used to develop the FIRS and indicate if the FIRS 
were developed in a probabilistic manner. State if the site profiles used in the 
calculations were based on the geologic outcrop at the foundation elevation of each 
structure.

2)      Describe how the SSSI effects are determined and subsequently used to modify 
the FIRS for the EPGB and ESWB.   
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3)       Describe the ground motion input time histories that were used in the SSI analysis 
and how they meet SRP Acceptance Criteria 1.B of SRP Section 3.7.1.  In addition, 
provide a comparison of the response spectra of the input time histories to the FIRS 
for each of the structures and demonstrate how the response spectra of the input 
time histories meet Approach 1 or Approach 2 of SRP Acceptance Criteria 1.B of 
SRP Section 3.7.1.

4)      Describe the SSI analyses performed, including a description of the computer 
codes, seismic models, how embedment effects were considered, modeling 
assumptions, and how the backfill was incorporated into the analyses.  Address in 
your response how the SSI analysis meets SRP Acceptance Criteria 4 of SRP 
Section 3.7.2. 

5)       In the site-specific SSI analyses performed for the EPGB and ESWB, provide  a 
definition  of the BE, upper bound (UB) and LB  profiles that were selected for the 
analysis of these  structures including a description of concrete fill or soil backfill that 
was used in the analyses.  

6)        Provide information to clarify and support the statement that the EPGB is a 
“conservatively surface founded” structure. 

03.07.01-5
In FSAR Section 3.7.1.1.1 (Design Ground Motion Response Spectra) on page 3-36 the 
results of the site-specific analysis for the NI Common Basemat Structures are 
discussed. It states that the BBNPP zero period accelerations (ZPAs) are within the 
corresponding U.S. EPR FSAR ZPAs except at one location of the Containment 
Building.  At this location, which is not identified, it states that the horizontal (y-direction) 
ZPA of the BBNPP exceeds the ZPA of the U.S. EPR by less than 10 percent.  However 
in FSAR Section 3.8.1.3, covering the concrete containment and in FSAR Section 
3.8.3.3, covering the Reactor Containment Building Internal Structures, it states that the 
BBNPP site specific ZPA values are enveloped by the standard U.S. EPR design 
certification values. The statement that the exceedance is less than 10 percent of the 
U.S. EPR ZPA is not a basis for accepting the result without suitable technical 
justification, which needs to be included in the FSAR. In order for the staff to complete its 
review of whether seismic Category I standard plant structures can meet the 
requirements of GDC 2, provide the following information. 

1)       In FSAR Section 3.7.1.1.1, identify the location where the exceedance takes 
place.

2)      Describe the technical justification for accepting the exceedance and include the 
numerical results that support this position. 

03.07.01-6
In FSAR Section 3.7.1.1.1 (Design Ground Motion Response Spectra) on page 3-36 the 
ZPA results of the site-specific analysis for the EPGB and ESWB structures are 
discussed. In Table 3.7-4, there are a number of locations where the zero period 
acceleration (ZPA) results from the site specific analysis exceed the ZPA of the U.S. 
EPR certified design. On page 3-181 of FSAR Section 3.8.4.3 it states that additional 
confirmatory evaluation for the site specific response spectra and soil profiles were 
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performed and confirmed that the other Seismic Category I structures are acceptable for 
the BBNPP site.  No details are provided as to what was done to perform this 
confirmatory evaluation, nor does it provide any numerical results. The statement that an 
exceedance is less than 10 percent of the U.S. EPR ZPA is not a basis for accepting the 
result without suitable technical justification. The applicant is requested to describe the 
reconciliation process and technical justification for each of the exceedances shown in 
Table 3.7-4. Include in the response the numerical results that support the basis for the 
acceptability of the exceedances identified. 

03.07.01-7
In FSAR Section 3.7.1.3 (Supporting Media for Seismic Category I structures) on page 
3-38 it states that the supporting media for the EPGB and ESWB are also bounded by 
generic soil profiles 5u and 5a when concrete fill is used, but are a departure from the 
U.S. EPR FSAR when structural fill is used.  Identify which type of fill is used under 
these structures for the SSI site-specific analysis.  In addition, provide the properties and 
the basis for the properties used in the SSI analyses. Address in your response how 
SRP Acceptance Criteria 3 of SRP 3.7.1 and SRP Acceptance Criteria 4 of SRP 3.7.2 
are met, or justify why they are not met. 

03.07.01-8
In FSAR Section 3.7.1.2 (Percentage of Critical Damping Values) on page 3-38, no 
exception is taken to the U.S. EPR damping values used in the NI Common Basemat 
Structures.  These values are shown in Table 3.7.1.1 of the U.S.EPR FSAR.   

1)          The site specific peak ground accelerations (PGA) are 0.21g horizontal and 
0.18g vertical, which are both less than the 0.30g PGA of the CSDRS used for 
design certification.  As the site-specific ground accelerations should, in general, 
result in lower stress levels in the structure, justify in the FSAR why the damping 
values used in the design certification seismic analysis remain valid for the site 
specific seismic analysis of the NI structures.  

2)         Regulatory Guide 1.61 states that for the generation of In-Structure Response 
Spectra (ISRS), structural damping values associated with an operating basis 
earthquake (OBE) should be used unless a plant-specific technical basis is provided 
which supports the use of higher than OBE damping values.  State the structural 
damping values used for the generation of ISRS for the NI common basemat 
structures, EPGB, and ESWB, and if different from the OBE values stated in RG 
1.61, provide a technical justification for the values used.  

3)          In Section 3.7.1.2 (Percentage of Critical Damping Values) on page 3-38 it 
indicates that 5 percent of critical damping is used for the analysis of the essential 
service water emergency make-up system (ESWEMS) Pumphouse.  RG 1.61 
recommends special consideration for development of In-Structure Response 
Spectra (ISRS). Specifically, the applicant may use OBE damping values (4 percent 
for reinforced concrete) or submit a plant-specific technical basis for use of damping 
values higher than the OBE damping values, but not greater than the SSE damping 
values (7 percent). In addition the applicant has assumed that the concrete is un-
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cracked, implying low damping values in the structure.  What is the technical basis 
that supports the use of 5 percent damping for this structure?  

03.07.01-9
In FSAR Section 3.7.1.1.1 on page 3-36 it states that a comparison of the Bell Bend 
ISRS with the corresponding peak broadened U.S. EPR FSAR ISRS show that the 
certified design ISRS are exceeded by the Bell Bend ISRS by more than 10 percent at 
some of the key building locations including the NI Common Basemat structures, EPGB 
and ESWB.  It also states that the exceedance of certified design ISRS is a departure 
from the U.S.EPR FSAR and is justified consistent with the seismic reconciliation 
guidelines contained in the U.S. EPR FSAR Section 2.5.2.6 as described in BBNPP 
FSAR Section 2.5.2.6.  In the BBNPP FSAR Section 2.5.2.6, Step 9, it states: “These 
evaluations, summarized below, confirm that the safety-related structures, systems and 
components of the U.S. EPR are not affected.”  The staff, however, could not identify 
any such evaluations. The applicant is requested to provide an evaluation of each 
exceedance (not just those that are in excess of 10 percent) and to justify the use of the 
U.S. EPR certified design ISRS at the BBNPP site for all Seismic Category I Structures 
including the NI, EPGB, and ESWB.  State whether the seismic models used for the 
BBNPP site are different from those used for the U.S. EPR certified design, and, if so, 
justify why a comparison of results from the two sets of models is valid. 

03.07.01-10
In FSAR Section 3.7.1.1.1 on page 3-37 it states that the free field surface FIRS at 
elevation 669.0 ft. were obtained for the ESWEMS Pumphouse mat which envelope the 
GMRS at all frequencies.

1)       In Figure 3.7-131, it is not clear that the FIRS shown envelope the GMRS at all 
frequencies.  Accordingly, provide a comparison of the GMRS with the FIRS for both 
the horizontal and vertical directions.  In addition, provide the specific steps that are 
used, including the computer codes, to develop the FIRS for this structure. 

2)      Describe how the ground motion input time histories for the ESWEMS meet each 
of SRP Acceptance Criteria 1.B of SRP Section 3.7.1.  If all the acceptance criteria 
are not met, provide suitable justification for not doing so.   

3)       Provide a comparison of the response spectra developed from the input time 
histories with the FIRS for this structure and demonstrate how the time histories 
meet Approach 1 or Approach 2 in SRP Acceptance Criteria 1.B of SRP 3.7.1. 

4)      FSAR Section 3.7.1 (page 3-30) indicates that soil liquefaction is not an issue for 
the ESWEMS Pumphouse since the structure is located on a concrete backfill overlying 
the Mahantango formation. Please provide information on the extent of the concrete fill 
under the structure and whether there will be any soil backfill or in-situ material to the 
sides of the structure that is susceptible to liquefaction.   If liquefaction can occur, 
describe the impact on the assessment of sliding stability and structural wall loads.   
Perform a similar assessment for the other seismic Category I structures at the BBNPP 
site.
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