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BellBendCOLPEm Resource

From: Seidensticker, Ralph W. [rseidensticker@anl.gov]
Sent: Friday, June 26, 2009 4:30 PM
To: Canova, Michael
Cc: Ma, John; Poeppel, Roger B.; Tang, Yu
Subject: FW: BBNPP RAIs_OGC
Attachments: RAI 2503rmw_rws_corrected.doc; RAI 2505rmw_rws_corrected.doc; RAI 

2507rmw_rws_corrected.doc; RAI 2508shv_rws_corrected.doc

Michael: 
 
Sorry.  I should have included you in the original e-mail. 
  
Ralph 
 
 
________________________________ 
 
From: Seidensticker, Ralph W. 
Sent: Fri 6/26/2009 1:06 PM 
To: jsm1@nrc.gov 
Cc: Pfeiffer, Phillip A.; Grandy, Christopher; Doss, Ezzat Danial; Poeppel, Roger B.; Tang, Yu; Wright, Arthur 
E. 
Subject: BBNPP RAIs_OGC 
 
 
John: 
 
We are attaching files for the four (4) subsections of the RAIs for BBNPP that reflect changes suggested by the 
OGC.  These changes include spelling out acronyms when they first appear, even in direct quotes from the 
FSAR.  OGC guidance was that the acronyms be spelled out when they first appear in any external document.  
We have treated each subsection of RAIs for Section 3.8 of the FSAR as an individual entity.  As such the 
spelling out of some acronyms will appear to be duplicates. 
  
Please note that for some of the subsections, it appears that we were sent only a handful of the RAIs for that 
subsection.  As such, there is a need to make these adjustments to other RAIs not in our possession. 
  
Thanks. 
  
Ralph 
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Request for Additional Information No. 2503 Revision 0 
 
  
 

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

SRP Section: 03.08.01 - Concrete Containment 
Application Section: 3.8.1.3 

 
QUESTIONS for Structural Engineering Branch 1 (AP1000/EPR Projects) (SEB1) 
 
03.08.01-*** 

      
  
  
For combined license (COL) information item COL 3.8(1) in the Bell Bend Nuclear Power 
Plant (BBNPP) COL Final Safety Analysis Report (FSAR), Subsection 3.8.1.3,”Loads 
and Load Combinations” (SRP Section 3.8.1), the applicant states in the third paragraph 
(Page 3-175) “Site specific [Reactor Containment Building] RCB design loads are 
confirmed to lie within the standard U.S. EPR design certification envelope with the 
exception of design loads resulting from the BBNPP site specific seismic response 
spectra and soil profiles described in 3.7.1. Additional confirmatory evaluations for the 
site specific seismic response spectra were performed to confirm that the RCB is 
acceptable for the BBNPP site. These evaluations confirmed: 
• BBNPP site specific Nuclear Island (NI) Common Base Mat Structure foundation soil 
spring values are enveloped by the standard U.S. EPR design certification soil spring 
values. 
• BBNPP site specific [Nuclear Steam Supply System] NSSS support loads are 
enveloped by the standard U.S. EPR design certification NSSS support loads. 
• The BBNPP site specific zero period acceleration (ZPA) values for the RCB are 
enveloped by the standard U.S. EPR design certification ZPA values for the RCB.”  
 
Also, in BBNPP COL FSAR, Subsection 3.7.1,”Seismic Design Parameters”, the third 
paragraph states “The Safe Shutdown Earthquake (SSE) at BBNPP is defined as the 
maximum [Ground Motion Response Spectrum] GMRS on top of the Mahantango 
formation, at approximate Elevation 640.0 ft msl (194.8 m).” 
 
The applicant is requested to provide the following information: 
 

(a)  In BBNPP COL FSAR, Subsection 3.7.1, the applicant states that the GMRS for 
BBNPP are not bounded by the Certified Seismic Design Response Spectra 
(CSDRS) at all frequencies (Page 3-30).  

 
Provide the technical basis for why the three additional evaluations (shown as 
the three bullets in the first paragraph above) demonstrate that the seismic 
response of the RCB for BBNPP is enveloped by that of U.S. EPR.  

 
(b)  The elevation of the water table for the BBNPP site is about 30 ft. above the 

elevation of the bottom of the NI foundation basemat. The SSI analysis 



2 
 

performed in the US-EPR FSAR did not consider the effect of this high water 
table.  

 
Provide the technical basis that supports the conclusion that the effect of high 
water table is negligible, and that the results of US-EPR are applicable to BBNPP 
RCB. 
 

(c)  10 CFR Part 50, Appendix S states that “The Safe Shutdown Earthquake Ground 
Motion must be characterized by free-field ground motion response spectra at 
the free ground surface”. The grade elevation for BBNPP is at 674.5 ft. However, 
in the second paragraph quoted above, the SSE for BBNPP is defined at the 
elevation of 640 ft. 

 
Provide justification for the use of the GMRS at the 640 ft elevation for the SSE. 

 
 
03.08.01-*** 

  
  
BBNPP COL FSAR, Subsection 3.8.1.7, “Testing and Inservice Inspection 
Requirements” (SRP Section 3.8.1), states “No departures or supplements.” 
 
The horizontal (hoop) prestressing tendons in the PCCV (Prestressed Concrete 
Containment Vessel) are about 500 ft in length and are curved around the RCB. In 
addition, some of the vertical prestressing steel tendons for the PCCV (identified in the 
U.S. EPR FSAR as “gamma” tendons) extend vertically from the tendon gallery (in the 
basemat) up the PCCV cylinder and over the dome, and down to the circular dome ring 
on the opposite side, a distance of several hundred ft.  Approximately one-half of the 
vertical gamma tendon length is curved around the dome. The applicant is requested to 
provide a description of the prestressing techniques to be used in construction of the 
PCCV.  
 
The description should include a discussion of measures to be taken in post-tensioning 
the prestressing tendons, including the method to be used for determining the friction 
losses in the tendons. 
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Request for Additional Information No. 2505 Revision 0 
 
  
 

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

SRP Section: 03.08.03 - Concrete and Steel Internal Structures of Steel or Concrete Containments 
Application Section: 3.8.3.3 

 
QUESTIONS for Structural Engineering Branch 1 (AP1000/EPR Projects) (SEB1) 
 
03.08.03-*** 

  
  
For combined license (COL) information item COL 3.8(2) in the Bell Bend Nuclear Power 
Plant (BBNPP) COL Final Safety Analysis Report (FSAR), Subsection 3.8.3.3, ”Loads 
and Load Combinations” Standard Review Plan (SRP) Section 3.8.3, the applicant 
states in the third paragraph (Page 3-177) that “Site specific [Reactor Containment 
Building] RCB internal structures design loads have been confirmed to lie within the 
standard U.S. EPR design certification envelope with the exception of design loads 
resulting from the BBNPP site specific seismic response spectra and soil profiles 
described in Section 3.7.1. Additional confirmatory evaluations for the site specific 
seismic response spectra have been performed as noted below and confirm that the 
RCB internal structures are acceptable for the BBNPP site: 
• BBNPP site specific [Nuclear Island] NI Common Base Mat Structure foundation soil 
spring values are enveloped by the standard U.S. EPR design certification soil spring 
values. 
• BBNPP site specific [Nuclear Steam Supply System] NSSS support loads are 
enveloped by the standard U.S. EPR design certification NSSS support loads. 
• The BBNPP site specific [Zero Period Acceleration] ZPA values for the RCB internal 
structures are enveloped by the standard U.S. EPR design certification ZPA values for 
the RCB internal structures.” 
 
Also, in BBNPP COL FSAR, Subsection 3.7.1.1.1, “Design Ground Motion Response 
Spectra”, the first paragraph (Page 3-33) states “A comparison of the BBNPP [Ground 
Motion Response Spectra] GMRS versus the [Certified Seismic Design Sprectra] 
CSDRS for five percent damping anchored at 0.30g is shown in Figure 3.7-1 and Figure 
3.7-2. As shown, the CSDRS are exceeded by the BBNPP GMRS in both the horizontal 
and vertical directions.” 
 
The applicant is requested to provide the following information: 
 

(a)  Provide the technical basis that supports the conclusion that the three additional 
evaluations listed in the first paragraph quoted above (the three bullets) 
demonstrate that the response of the RCB internal structures for BBNPP is 
enveloped by that of U.S. EPR.  

 



2 
 

(b)  The elevation of the water table is about 30 ft. above the elevation of the bottom 
of the NI foundation basemat.  The SSI analysis performed in US-EPR does not 
appear to have considered the effect of this high water table.  

 
Provide the technical basis that supports the conclusion that the effect of high 
water table is negligible, and that the results of US-EPR are applicable to BBNPP 
RCB internal structures. 
 

(c)  Are there equipment items that are sensitive to high frequency excitations?  If so, 
describe these and describe how they are designed to accommodate the seismic 
loads. 

 
(d)  In BBNPP COL FSAR, Subsection 3.7.1.1 under the title of “Reactor Coolant 

System” (first paragraph in Page 3-31), the applicant states that “BBNPP site-
specific time history analyses are performed to approximately 40 seconds using 
input at 0.005 second intervals. Sensitivity evaluation confirms the integration 
time step used, 0.0005 seconds, is adequate.”   

 
Explain how the time histories used in these analyses were generated. Provide 
damping values assumed for the structures in these analyses. 

 
(e) In BBNPP COL FSAR, Subsection 3.7.1.1 under the title of “[Reactor Pressure 

Vessel] RPV Internals” (Page 3-31), the applicant states that “Site-specific time 
histories are developed from the site specific GMRS/[Foundation Input 
Response Spectra] FIRS and the site-specific best estimate, lower bound, and 
upper bound soil profiles.”  

 
 Provide information for these site-specific time histories, their duration, time steps, and 
the target response spectra to which they are matched. 
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Request for Additional Information No. 2507 Revision 0 
 
  
 

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

SRP Section: 03.08.04 - Other Seismic Category I Structures 
Application Section: 3.8.4.1.8 

 
QUESTIONS for Structural Engineering Branch 1 (AP1000/EPR Projects) (SEB1) 
 
03.08.04-*** 

  
  
For combined license (COL) information item COL 3.8(5) in the Bell Bend Nuclear Power 
plant (BBNPP) COL Final Safety Analysis Report (FSAR), Subsection 3.8.4.1.8,”Buried 
Conduit and Duct Banks” Standard Review Plan (SRP) Section 3.8.4 , the COL 
applicant needs to provide a description of Seismic Category I buried conduit and duct 
banks. 
 
Provide cross-section drawings for these structures and indicate the embedment depth 
for the various buried utilities. 

 
 
03.08.04-*** 

  
  
For COL information item COL 3.8(5) in the BBNPP COL FSAR, Subsection 3.8.4.1.8, 
”Buried Conduit and Duct Banks” (SRP Section 3.8.4), the applicant states in the second 
paragraph (Page 3-179), in part, that “No Seismic Category I buried conduits outside of 
Seismic Category I buried duct banks exist for BBNPP.” 
 
Are there any seismic category II buried conduits? If yes, identify these conduits. 

 
 
03.08.04-*** 

"(SRP Section 3.8.4) , the applicant states in the third paragraph (Page 3-179) that 
“Class 1E conduits located outside the building envelope are buried in Seismic Category 
I duct banks. There are two material types of conduits used: 1) polyvinyl chloride (PVC); 
or 2) steel. Duct banks are encased in reinforced concrete as discussed in Section 
3.7.3.12.” 
 
The applicant is requested to provide the following information: 
  

(a)  Describe  the concrete duct bank enclosures, and show typical reinforcing steel 
details and other relevant information. 

(b)  In BBNPP COL FSAR, Subsection 3.7.3.12, ASCE (American Society of Civil 
Engineers) 4-98 is listed as a  reference. In the BBNPP COL FSAR, the 
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publication date of this document is mistakenly listed to be 1986 and the 
document is referred as ASCE, 1986. ASCE 4-98 was published in 1999 not 
1986. Correct this mistake.  

 
 
03.08.04-*** 

  
  
For COL information item COL 3.8 (6) in the BBNPP COL FSAR, Subsection 
3.8.4.1.9,”Buried Pipe and Pipe Ducts” (SRP Section 3.8.4) , the last paragraph (Page 3-
180) states that “Buried piping is buried directly in the soil (i.e., without concrete 
encasement) unless detailed analysis indicates that additional protection is required.”  
 
This sentence is confusing. The detailed analysis should have been performed and the 
decision on whether or not to use concrete encasement made and recorded in the 
BBNPP COL FSAR.  Describe  the detailed analysis and where it has been applied. 

 
 
03.08.04-*** 

  
For COL information item COL 3.8( 6) in the BBNPP COL FSAR, Subsection 
3.8.4.1.9,”Buried Pipe and Pipe Ducts” (SRP Section 3.8.4) , the applicant states in the 
last sentence of the last paragraph (Page 3-180) that “As an alternate, concrete may be 
used as discussed in Section 3.7.3.12.”  
 
In BBNPP FSAR Section 3.7.3.12,”Buried Seismic Category I Piping, Conduits, and 
Tunnels”, the second paragraph in Page 3-51 states that “The effects of bends and 
differential displacement at connections to buildings are evaluated using equations for 
beams on elastic foundations, and subsequently combined with the buried pipe axial 
stress.”  
 
The applicant is requested to provide information on the following: 
 

(a)  How was the foundation modulus for beams on elastic foundations calculated or 
otherwise obtained? 

(b)  Provide details on the concrete enclosures, including steel reinforcing. 
(c)  Procedures for the Design of Restrained Underground Piping of ASME 

(American Society of Mechanical Engineers) B31.1 provide guidance for the 
thermal loading only. Where is the guidance for the seismic analysis provided in 
ASME B31.1?  What guidance did the applicant use for the seismic analysis if 
not ASME B31.1? 

 
 
 
03.08.04-*** 

  
For COL information item COL 3.8(6) in the BBNPP COL FSAR, Subsection 3.8.4.1.9, 
”Buried Pipe and Pipe Ducts” (SRP Section 3.8.4) , the applicant states in the last 
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sentence of the last paragraph (Page 3-180) that: “As an alternate, concrete may be 
used as discussed in Section 3.7.3.12.”  
 
In BBNPP COL FSAR Section 3.7.3.12,”Buried Seismic Category I Piping, Conduits, and 
Tunnels”, the third and fourth paragraphs in Page 3-51 state that “For long straight 
sections of buried pipe, maximum axial strain and curvature are calculated per equations 
contained in ASCE 4-98 (ASCE, 1986). These equations reflect seismic wave 
propagation and incorporate the material’s modulus of elasticity to determine the 
corresponding maximum axial and bending stresses. The procedure combines stresses 
from compression, shear and surface waves by the square root of the sum of the 
squares (SRSS) method. Maximum stresses for each wave type are then combined 
using the SRSS method. Subsequently, seismic stresses are combined with stresses 
from other loading conditions, e.g., long-term surcharge loading. 
 
For straight sections of buried pipe, the transfer of axial strain from the soil to the buried 
structure is limited by the frictional resistance developed. Consequently, axial stresses 
may be reduced by consideration of such slippage effects, as appropriate.”  
 
The applicant is requested to provide information for the following: 

(a) How is the apparent wave velocity determined when using the ASCE 4-98 
equation to calculate the maximum axial strain and curvature? What  wave 
impinging angle is assumed? 

(b)  Describe how the long-term surcharge loading is considered including 
magnitude of these loads. 

(c)  Provide information that shows how the friction focrce is calculated/estimated 
in the axial strain calculation considering the slippage effect. What 
assumptions were made regarding the wave field, wave impinging angle, and 
apparent wavelength in the calculation/estimation for the friction force 
including the wave field, wave impinging angle, and apparent wavelength?  
Provide rationales for these assumptions.    

 
 
03.08.04-*** 

  
  
For COL information item COL 3.8(6) in the BBNPP COL FSAR, Subsection 3.8.4.1.9, 
”Buried Pipe and Pipe Ducts” (SRP Section 3.8.4), the applicant states in the last 
sentence of the last paragraph (BBNPP FSAR page 3-180) that “As an alternate, 
concrete may be used as discussed in Section 3.7.3.12.”  

 
The staff is unable to find any discussion of the use of concrete as the backfill in Section 
3.7.3.12. What are the criteria for using concrete as the backfill?  Is concrete used in the 
BBNPP buried utilities as the backfill? 

 
 
03.08.04-*** 
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For COL information item COL 3.8(7) in the BBNPP COL FSAR, Subsection 3.8.4.3, 
”Loads and Load Combinations” (SRP Section 3.8.4), the applicant states in the last 
sentence of the third paragraph (BBNPP FSAR page 3-181) that “Additional confirmatory 
evaluation for the site-specific response spectra and soil profiles were performed and 
confirmed that the other Seismic Category I Structures are acceptable for the BBNPP 
site.”  

 
The applicant is requested to provide the following information: 

(a)    Describe the “additional confirmatory evaluation” mentioned in the above 
quoted sentence. 

(b)   The water table at the BBNPP is high (30 ft above the elevation of the bottom of 
the NI foundation basemat).  Is the effect of high water table included in the 
calculation of site-specific response spectra? If not, provide the technical basis 
for not including this effect. 

(c)    The Ground Motion Response Spectra (GMRS) for BBNPP were generated by 
making use of the SHAKE computer program (see BBNPP COL FSAR Section 
2.5.2).  The SHAKE program is based on the elastic wave theory, which does not 
consider the effect of water. The governing equations for wave propagation in 
porous media are different from those of the wave propagation in elastic media.  

 
Provide the technical basis to support the use of  site-specific response spectra  
based on the elastic wave theory.  

  
(d)   The Figure 3.7-38 through Figure 3.7-73 of BBNPP COL FSAR shows that the 

site-specific response spectra of BBNPP exceed those of the US-EPR FSAR. 
 

Provide the technical basis for stating that the other Seismic Category I 
Structures of BBNPP are acceptable. 
 

 
 
 
03.08.04-*** 

  
For COL information item COL 3.8( 7) in the BBNPP COL FSAR, Subsection 
3.8.4.3.1,”Design Loads” (SRP Section 3.8.4), the applicant lists (Pages 181 and 182) 
the design loads for the [Essential Service Water Emergency Make-Up System] 
ESWEMS Pumphouse and the Retention Pond. 
 
The applicant is requested to provide the following information: 
 

(a)    Is the hydrodynamic load included in the Safe-Shutdown Earthquake load for 
the Retention Pond?  This load should be explicitly covered in the BBNPP COL 
FSAR.  The applicant is requested to confirm that hydrodynamic loads are 
included in the SSE analysis, and to  describe how the hydrodynamic load is 
calculated.  

   
(b)   In BBNPP COL FSAR, Subsection 3.7.1.1.2, “Design Ground Motion Time 

History” (Page 3-38) (SRP Section 3.7.1), the applicant states that “A set of three 
synthetic ground motion time histories, two horizontal and one vertical, has been 
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developed for use in the ESWEMS Pumphouse seismic analysis. …Figure 3.7-
135 through Figure 3.7-137 present the comparison of the spectra computed 
from the time histories to the respective design spectra…The time histories have 
a total duration of 24 seconds …” 

 
1)      In Figure 3.7-135 through 3.7-137, what is the damping value 

assumed? Do the time histories also match target response spectra at 
other damping values?  

2)      According to NUREG 1-208, Power Spectral Density (PSD) functions 
need to be calculated to show that the time histories have adequate 
power at all important frequency ranges. Provide PSD plots for the three 
time histories used in the seismic analysis.  

3)      Provide the rationale as to why each of these time histories has a 
duration of 24 seconds, whereas the time histories mentioned in 
BBNPP COL FSAR, Subsection 3.7.1.1 have durations of 40 seconds. 

  
           What is the time step for these three time histories?   

 
 
03.08.04-*** 

  
  
For COL information item COL 3.8 (7) in the BBNPP COL FSAR, Subsection 
3.8.4.3.1,”Design Loads” (SRP Section 3.8.4), the applicant specifies design loads that 
are to be considered in the design of seismic Category I structures (including the 
Retention Pond).  Specifically, under “Extreme Environmental Loads,” the FSAR  
specifies loads from tornado winds, tornado-generated missiles, the Safe-Shutdown 
Earthquake, wave surges in the Retention Pond, and pressures of 1.0 psi due to 
postulated explosions from nearby facilities.  In Subsection 2.2.2.7.2 of the BBNPP COL, 
“Aircraft and Airway Hazards,” the 3rd  and 4th paragraphs (p.2-61 and 2-62) state: 
“Based on the study of design features, such as hardened construction, shielding by 
other Category I buildings, and/or space separation to prevent losing needed function in 
one aircraft accident, that are incorporated into the design of most Category I Structures 
(documented in the various subsections of Section 3.8.1 of U.S. EPR FSAR), these 
Category I structures are not vulnerable to aircraft hazard: 
 

• Reactor Containment Building, 
• Fuel Handling Building, 
• Safeguard Buildings, and 
• Emergency Power Generation Buildings. 

 
Therefore, the only Category I Structure requiring specific assessment for aircraft 
hazards is the ESWEMS Pumphouse.” 
 
The Retention Pond does not have heavily-reinforced concrete or any other hardened 
features that would protect the Retention Pond from the effects of an aircraft impact.   
 
The applicant is requested to demonstrate that the safety function of the Retention Pond 
is not adversely affected by postulated aircraft crash impact loads. 
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03.08.04-*** 

  
For COL information item COL 3.8(7) in the BBNPP COL FSAR, Subsection 3.8.4.3.1, 
”Design Loads” (SRP Section 3.8.4), the applicant states in the 3rd bullet in the list of 
Extreme Environmental Loads (Page 3-182): “Structural impact from tornado generated 
missiles without compromising the pond safety-related function.” 
 
Provide a description of the methods or procedures used to evaluate the effects of 
missiles on the pond safety-related function.  Include a determination of the type of 
missiles considered and the acceptance criteria used to assess these missile impacts on 
the safety-related function of the pond. 

 
 
03.08.04-*** 

  
  
For COL information item COL 3.8 (7) of the BBNPP COL FSAR, Subsection 3.8.4.3.2, 
”Loading Combinations” (SRP Section 3.8.4), the applicant states (Page 3-182)  “The 
following additional factored load combinations apply for reinforced concrete design of 
the ESEMS Pumphouse: Table 3E.4-1 and Table 3E.4-2 provide the description of the 
loading combinations and the minimum required Factor of Safety for building stability, 
respectively.” 
 
The applicant is requested to clarify what is meant by the phrase “…additional factored 
load combinations…”.  Do Tables 3E.4-1 and Table 3E.4-2 specify all loading 
combinations, or just “additional combinations”? Does it include aircraft impact loads? 

 
 
03.08.04-*** 

  
  
For COL information items COL 3.8(8) through 3.8(10) in the BBNPP COL FSAR, 
Subsection 3.8.4.4.5, ”Buried Conduit and Duct Banks, and Buried Pipe Ducts”  (SRP 
Section 3.8.4), the fourth paragraph ( BBNPP COL FSAR Page 3-184) states that “Soil 
overburden pressures on buried duct banks typically do not induce significant bending or 
shear effects, because the soil cover and elastic support below the duct bank are 
considered effective and uniform over the entire length of the buried duct bank. When 
this is not the case, vertical soil overburden pressure is determined by the Boussinesq 
method.”  
 
The applicant is requested to provide the following information: 

a)      At the BBNPP site, are there any locations of buried utilities such that the 
vertical soil overburden pressure needs to be computed by the Boussinesq 
method? Describe what level of non-uniformity of the soil support makes use of 
the Boussinesq analysis necessary. 

b)      Describe how the Boussinesq method is applied to the soil conditions for the 
BBNPP. 
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Explain the meaning of “effective and uniform” in “the soil cover and elastic support 
below the duct bank are considered effective and uniform over the entire length of the 
buried bank.” How is it determined that the soil cover and elastic support are “effective 
and uniform”? 

 
 
03.08.04-*** 

  
  
For COL information item COL 3.8(7) in the BBNPP COL FSAR, Subsection 3.8.4.3, 
”Loads and Load Combinations” (SRP Section 3.8.4), the applicant states in the last 
sentence of the third paragraph (BBNPP FSAR page 3-181) that “Additional confirmatory 
evaluation for the site-specific response spectra and soil profiles were performed and 
confirmed that the other Seismic Category I Structures are acceptable for the BBNPP 
site.”  

 
The applicant is requested to provide the following information: 

(a)    Describe the “additional confirmatory evaluation” mentioned in the above 
quoted sentence. 

(b)   The water table at the BBNPP is high (30 ft above the elevation of the bottom of 
the Nuclear Island foundation basemat). Is the effect of this high water table 
included in the calculation of site-specific response spectra? If not, provide a 
technical basis for not including this effect. 

(c)    The Ground Motion Response Spectra for BBNPP were generated by making 
use of the SHAKE computer program (see BBNPP COL FSAR Section 2.5.2).  
The SHAKE program is based on the elastic wave theory which does not 
consider the effect of water. The governing equations for wave propagation in 
porous media are different from those of the wave propagation in elastic media.  

 
Provide the technical basis to support the use of  site-specific response spectra  
based on the elastic wave theory.. 

  
. 

  
(d)   The Figure 3.7-38 through Figure 3.7-73 of BBNPP COL FSAR shows that site-

specific response spectra of BBNPP exceed those of US-EPR FSAR. 
 

Provide a technical basis for the acceptability of  the other Seismic Category I 
Structures of BBNPP (other than the RCB and containment internal structures). 

 
 
 
03.08.04-*** 

  
For COL information items COL 3.8( 8) through 3.8 (10) in the BBNPP COL FSAR, 
Subsection 3.8.4.4.5,”Buried Conduit and Duct Banks, and Buried Pipe and Pipe Ducts” 
(SRP Section 3.8.4) , the 2nd paragraph (Page 3-183), states: “The design of Seismic 
Category I, buried electrical duct banks and buried Essential Service Water pipes 
(hereafter in this section referred to as buried duct banks and buried pipe) has been 
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confirmed to meet the requirements specified in Section 3.8.4.4.5 and the AREVA NP 
Topical Report ANP-10264(NP) and demonstrates sufficient strength to accommodate: 
 
• Strains imposed by seismic ground motion. 
 
• Static surface surcharge loads due to vehicular loads AASHTO HS-20 ([American 
State Highway and Transportation Officials] AASHTO, 2002)) truck loading, minimum, or 
other vehicular loads, (including during construction) on designated haul routes.  
 
• Static surface surcharge loads during construction activities, e.g., for equipment 
laydown or material laydown. 
 
• Tornado missiles and, within their zone of influence, turbine generated missiles. 
 
• Ground water effects.” 
 
The applicant is requested to provide a description of the analyses and evaluations 
performed to support the conclusion that the design of the BBNNP buried utilities meets  
Areva Topical Report ANP-10264NP and demonstrates sufficient strength to 
accommodate the loads and other effects listed above.  Include in this discussion the 
values of loads, strains, and other effects considered in the analyses.  The discussion 
should also describe measures taken to mitigate potential damaging effects of ground 
water entering the buried utility enclosures. 

 
 
03.08.04-*** 

  
For COL information items COL 3.8 (8) through 3.8 (10) in the BBNPP COL FSAR, 
Subsection 3.8.4.4.5,”Buried Conduit and Duct Banks, and Buried Pipe and Pipe Ducts” 
(SRP Section 3.8.4) , the ninth paragraph (Page 3-184) states: “Bending stresses in 
buried pipe due to surcharge loading are determined via manual calculations, treating 
the flexible pipe as a beam on an elastic foundation. Resulting stresses are combined 
with operational stresses, as appropriate.”  
 
The applicant is requested to provide the following information: 

(a)    Describe the manual calculations performed, including assumptions made, and 
soil properties and spring constants used. 

(b)   Explain how the bending stresses are calculated.  
(c)    What is the modulus of subgrade reaction used for the analysis? Provide 

justification for using that value.  
(d)   Is the soil overburden included in the analysis? 

 
 

 
 
03.08.04-*** 

  
For COL information items COL 3.8 (8) through 3.8( 10) in the BBNPP COL FSAR, 
Subsection 3.8.4.4.5,”Buried Conduit and Duct Banks, and Buried Pipe and Pipe Ducts” 
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(SRP Section 3.8.4) , the fourth paragraph (Page 3-184) states: “The seismic design of 
buried duct banks and buried pipe is discussed in Section 3.7.3. Other loads are 
addressed in this section, but are combined with seismic effects of the aforementioned 
section.”  
 
The applicant is requested to provide the following information: 
 

(a)    Is the cross section of the buried duct bank a rectangular shape?  
(b)   Provide details describing the design of the concrete duct bank enclosures. 

The material presented in BBNPP FSAR Section 3.7.3 did not discuss whether racking 
of the cross section due to the SSE was considered and how the design accommodates 
this racking. Provide a technical rationale for not considering this effect. 

 
 
03.08.04-*** 

  
  
For supplemental information item SUP 3.8 (2) in the BBNPP COL FSAR, Subsection 
3.8.4.4.7, ”ESWEMS Pumphouse and ESWEMS Retention Pond” (SRP Section 3.8.4) , 
the applicant states in the third paragraph (Page 3-185) that “Figure 3E.4-1 and Figure 
3E.4-2 depict the finite element model for the ESWEMS Pumphouse.”  
 
Explain what boundary conditions are assumed for these two finite element models. Is 
there any soil spring assumed in the boundary conditions?  

 
 
03.08.04-*** 

  
  
For supplemental information item SUP 3.8 (2) in the BBNPP COL FSAR, Subsection 
3.8.4.4.7,  ”ESWEMS Pumphouse and ESWEMS Retention Pond” (SRP Section 3.8.4) , 
the applicant states  “Local stress analyses was used to evaluate slabs and walls to 
resist external hazards (such as, tornado generated missile impact and water wave 
induced forces).” 
 
The applicant is requested to describe the local stress analyses conducted, including 
assumptions made and material properties used. 

 
 
03.08.04-*** 

  
For supplemental information item SUP 3.8(2) in the BBNPP COL FSAR, Subsection 
3.8.4.4.7,  ”ESWEMS Pumphouse and ESWEMS Retention Pond” (SRP Section 3.8.4), 
the applicant states in the 9th paragraph ( Page 3-185) that “The safety analysis for the 
ESWAEMS Retention Pond includes a slope stability evaluation that includes horizontal 
seismic loads. The pond slopes are a permanent design feature and were evaluated 
using GSTABL7. Factor of safety for various sections is presented in Section 2.5.5.” 
 



10 
 

The applicant is requested to provide the following: 
  

 How were sloshing effects evaluated, and what were the results of that analysis? 
Where in the FSAR is the GSTBL7 code described?  If it is not referenced, provide a 
description of the code, and a discussion of significant results from its use in the slope 
stability evaluation. 

 
 
03.08.04-*** 

  
  
For COL information item COL 3.8 (11) in the BBNPP COL FSAR, Subsection 3.8.4.5, 
“Structural Acceptance Criteria” (SRP Section 3.8.4), the applicant states in the 3rd 
paragraph (Page 3-185), in part: “The use of ACI (American Concrete Institute) 349-01, 
in lieu of ACI 349-97 (ACI, 1997) as invoked in Subsection 4.9.4.15 of IEEE [Institute of 
Electrical and Electronic Engineers] 628-2001 (R2006), is to provide a consistent design 
basis with all other Seismic Category I structures.” 
 
The applicant is requested to describe the significant differences between ACI 349-01 
and ACI 349-97 as they may pertain to the design of buried electrical duct banks and 
piping, and to provide the rationale that justifies use of the ACI 349-01 in lieu of ACI 349-
97. 

 
 
03.08.04-*** 

  
  
For COL information item COL 3.8 (11) in the BBNPP COL FSAR, Subsection 3.8.4.5, 
“Structural Acceptance Criteria” (SRP Section 3.8.4), the applicant states in the 4th 
paragraph (Page 3-186), in part: “When allowable stresses are exceeded, joints are 
added as required to increase flexibility and hence, to mitigate member stresses.” 
 
The applicant is requested to provide the following information: 
 

(a) Describe the nature of the joints that are added to alleviate excessive stresses 
and to describe the process for determining their location. 

(b) Describe the design of these added joints, and explain how their design 
provides adequate resistance to SSE and other loads. 

 
 
03.08.04-*** 

  
  
For supplemental information item supplementary information (SUP) 3.8 (3) in the 
BBNPP COL FSAR, Subsection 3.8.4.6.1,”Materials” (SRP Section 3.8.4), the applicant 
states in the first paragraph (Page 3-186) that “The ESWEMS Retention Pond at the 
BBNPP will be constructed primarily via excavation of overburden soils and replacement 
of soils with cohesive fill material.”  
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Explain what is “cohesive fill material”? Is there any standard specification that applies to 
its use? Describe such standards or specifications 
 

 
 
03.08.04-*** 

  
For supplemental information item SUP 3.8 (5) in the BBNPP COL FSAR, Subsection 
3.8.4.7,”Testing and Inservice Inspection Requirements” (SRP Section 3.8.4), the 
applicant states: “Inservice Inspection requirements which pertain to ground water 
chemistry and potential degradation of below-grade concrete walls and buried duct 
banks are not applied in the BBNPP ESWEMS Pumphouse and Retention Pond and its 
associated buried duct banks and pipes given non-aggressive ground water condition at 
the site.”   
 
Also for COL items COL 3.8 (15) and 3.8 (16) in Subsection 3.8.5.7,“Testing and 
Inservice Inspection Requirements,” the applicant states (for Foundations), in part, 
(Page 3-193) that: “The BBNPP ground water/soil is considered to be non-aggressive. 
The inservice testing program follows intervals defined for non-aggressive soil/water 
conditions for inspecting normally inaccessible below-grade concrete walls and 
foundations. This interval calls for:  
 
• Examination of exposed portions of below-grade concrete for signs of degradation 
when excavated for any reason; and 
 
• Periodic monitoring of ground water chemistry to confirm that the ground water remains 
non-aggressive.” 
 
It would seem reasonable to apply a program of inservice inspection for the buried 
piping, conduits, and duct banks similar to that used for the foundations.  The applicant 
is requested to explain the rationale for not specifying an inservice inspection program 
for buried utility piping, conduit, and duct banks. 

 
 
03.08.04-*** 

  
In BBNPP COL FSAR, Section 3E.4, “ESWEMS PUMPHOUSE AND ESWEMS 
RETENTION POND” (SRP Section 3.8.4), the first and second paragraphs under the 
title of “Design and Stress Analysis Using GT STRUDL Response Spectrum Method in 
Page 3E-5 states that “SSE accelerations are applied to dead load, equipment load 
(e.g., electrical/HVAC equipment, mechanical pumps, etc), 25 percent of the design live 
load, and minimum 75 percent of the design snow load. 
 
The hydrostatic and hydrodynamic probable maximum precipitation (PMP) pressures are 
applied to walls and slabs of the ESWEMS pumpwells structural finite element model 
and consist of …”  

 
The applicant is requested to provide information for the following: 
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(a) How is the SSE load specified in the analysis, time histories or response 
spectra? Is the effect of SSI included? 

(b) How is the hydrodynamic probable maximum precipitation (PMP) pressure 
calculated? How is it modeled in the response spectrum analysis? 
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QUESTIONS for Structural Engineering Branch 1 (AP1000/EPR Projects) (SEB1) 
 
03.08.05-*** 

  
For supplemental information item SUP 3.8 (7) in the Bell Bend Nuclear Power Plant 
(BBNPP) combined license (COL) Final Safety Analysis Report (FSAR), Subsection 
3.8.5.3, “Loads and Load Combinations” (Standard Review Plan (SRP) Section 3.8.5), 
the applicant states (Page 3-188) that ”Additional loads and load combinations include 
those defined in Section 3.8.4.3.1 and 3.8.4.3.2 and Table 3E.4-1 and Table 3E.4-2.” 
 
To what loads and loading combinations are the “additional loads and loading 
combinations” added? 

 
 
03.08.05-*** 

  
For supplemental information item SUP 3.8 (8) in the BBNPP COL FSAR, Subsection 
3.8.5.4.6,”[Essential Service Water Emergency Make-up System] ESWEMS Pumphouse 
Base Mat” (SRP Section 3.8.5), the applicant states in the first paragraph (Page 3-189) 
that “Although the dynamic response spectrum analysis for the ESWEMS Pumphouse 
envelops the (International Civil Engineering Consultants, Inc--System for the Analysis of 
Soil Structure Interaction) ICEC SASSI (V. 1.3) analysis results, the detail design of the 
base mat will be more refined and involve a three step analytical process: 
1. Time history analysis by ICEC SASSI (V. 1.3) to determine in-structure seismic 
response spectra using a GT-STRUDL (Georgia Tech-Structural Design Language)finite 
element model of both base mat and the superstructure. 
2. Static analysis via the GT-STRUDL (V. 29.1) finite element model for all applicable 
load cases and design load combinations, including static seismic loads of the SSE, 
hydrostatic and soil pressures. 
3. Global design forces and moments are extracted from the GT-STRUDL (V. 29.1) 
static analysis for the design of the base mat in accordance with the provisions of ACI 
349-01 ([American Concrete Institute] ACI, 2001a) (with supplemental guidance of 
Regulatory Guide 1.142 (NRC, 2001)).”  
 
The NRC Staff requests that the applicant provide the following information: 
 

(1) (a)  Where are the dynamic spectrum analysis for the ESWEM Pumphouse and 
the ICEC SASSI analysis presented?  
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 (b)  Does the input for the dynamic spectrum analysis include the effect of SSI 
(soil structure interaction)? (c)  What is the input motion used for the ICEC 
SASSI analysis? 

 (d) Describe the structural model used in ICEC SASSI analysis. 
(2)   Explain the meaning of the sentence in Step 1 more clearly, and include a 

discussion of the use of the two computer codes and two models and how they 
interrelate.  

(3)  (a)  Provide a description for “static seismic loads of SSE” in Step “2”.  
 (b)  How were the “static seismic loads of SSE” in Step “2” computed and 

applied to the model?  
(4)   In the GT-STRUDL static analysis, what are the boundary conditions assumed 

for the model?   
  

 
 
03.08.05-*** 

  
For COL information item COL 3.8 (13) in the BBNPP COL FSAR Subsection 
3.8.5.5,”Structural Acceptance Criteria” (SRP Section 3.8.5) , in the last sentence (Page 
3-190) the applicant states that “For the ESWEMS, the static and dynamic coefficient of 
friction between the concrete base mat, the concrete backfill and the underlying 
Mahantango formation is conservatively set at 0.6.”  
 
The NRC Staff requests that the applicant provide the following information:  

(1)    Provide the range of coefficient of friction between concrete and soils normally 
used for these analyses, or obtained by measurements for both static and 
dynamic coefficient of friction.  

(2)   Demonstrate the conservatism of the value used by the applicant of 0.6 for both 
the static and dynamic coefficient of friction.  

 (3)   As stated in BBNPP FSAR Subsection 3.8.5.6.1, the ESWEMS Pumphouse is 
approximately 1 ft submerged in water. If the effect of the water on the coefficient of 
friction has been considered and analyzed, provide this information.  If not, provide 
justification for omitting this analysis. 

 
03.08.05-*** 

  
For COL information item COL 3.8 (13) in the BBNPP COL FSAR Subsection 
3.8.5.5.1,”Nuclear Island Common Base Mat Structure Foundation Base Mat” (SRP 
Section 3.8.5), the applicant states in the second paragraph that “The amount of sliding 
of the BBNPP [Nuclear Island] NI, when subjected to a load combination with seismic 
loading, was evaluated and determined to be negligible. Additionally, a nonlinear time 
history analysis of the NI under seismic loads determined that the possible amount of 
uplift for the BBNPP site-specific parameters is negligible and is enveloped by the U.S. 
EPR design.” 
 
The NRC Staff requests that the applicant provide the following information: 
 

(1) (a)   Where is the study of sliding and uplifting of the NI presented in the BBNPP 
COL FSAR?  
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 (b)  Is the effect of high water table on the sliding considered in the analysis? 
  (c)  Provide the input motions used in the nonlinear time history analysis for the 

uplifting and explain how they are calculated. 
 (d)  BBNPP COL FSAR Subsection 3.8.5.6.1 states that the NI foundation is 

submerged 30 ft. in water. The site-specific seismic motions developed in 
BBNPP Section 2.5 and 3.7 are based on the elastic wave theory, in which the 
effect of water is neglected. Provide the technical basis which shows that the 
same conclusions stated in the above quoted paragraph would be valid if the 
effect of the high water table is considered. 

(2)   In the BBNPP COL FSAR, Subsection 3.7.2, the applicant states that “The 
existing stick model of the NI Common Base Mat structures is used in the SASSI 
analysis to determine only the 6-DOF [degrees of freedom] SSI [soil-structure 
interaction] response motions at the NI base mat. The 6-DOF base mat motions 
from the SSI analysis of the NI are used as input motions to the modal 
superposition time history analysis of the fixed-base dynamic finite element 
model of the NI.” 

 
(a) Referring to the first sentence of the above quoted paragraph, does the SSI 
analysis using SASSI include only the stick model of the NI Common Base Mat 
structure? If so, provide justification for not including the superstructure model 
in this analysis, and provide data to show that the stick model is a good 
representation of its 3D counterpart. 

  (b) What is the maximum size of soil elements in the SSI analysis? 
(c) BBNPP COL FSAR Table 2.5-51shows that the shear wave velocity for the 
top soil layer is 1150 ft/sec for the low-strain condition. What is the 
corresponding value for the high-strain condition during the safe-shutdown 
earthquate (SSE) event? 
(d) Do the 6-DOF SSI response motions represent the motion at the mass 
center of the base mat, or at the bottom of the mat?  
(e) Is the base mat in the fixed-base finite element model treated as a rigid 
body?  If the base mat in the fixed-base finite element model is not treated as a 
rigid body, provide the method for using the 6-DOF SSI response motions from 
the SASSI analysis for the whole mat and explain the rationale for using that 
method.  
(f)In the fixed-base finite element model, where are the 6-DOF SSI response 
motions applied? 

 
 
03.08.05-*** 

  
  
For COL information item COL 3.8 (13) in the BBNPP COL FSAR, Subsection 3.8.5.5.2, 
“Emergency Power Generating Buildings Foundation Base Mats” (SRP Section 3.8.5), 
Page 3-190,the applicant states,  in part: “The maximum bearing pressures under sliding 
and overturning for the EPGB [Emergency Power Generating Building] foundation mat 
were determined to be acceptable for the BBNPP site, and the applicable acceptance 
criteria are met.” 
 
The NRC Staff requests that the applicant provide the following information: 
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(1) Provide the actual value for the maximum bearing pressures under the EPGB 
foundation mat and a comparison of that value with the bearing capacity of the soil 
beneath the mat at the site. 
(2) Provide the frictional force at the bottom of the EPGB foundation mat and a 
comparison of that value with the maximum shear forces in both N-S and E-W 
directions resulting from the SSE.  

 
 
03.08.05-*** 

  
For COL information item COL 3.8 (13) in the BBNPP COL FSAR, Subsection 
3.8.5.5.2,”Emergency Power Generating Buildings Foundation Base Mats,” Page 3-190   
(SRP Section 3.8.5), the last sentence of the paragraph states that “The allowable 
bearing capacity is specified in Section 2.5.4.10.”  
 
 
The equation for calculating the ultimate bearing capacity given in BBNPP FSAR Section 
2.5.4.10, Eq. 2.5.4-13, has three terms. The second term of the equation considers the 
effect of water, but the third term does not.  
 

(1) Is the effect of water considered in the first term?  If so, explain this analysis.  If 
not, provide justification for excluding this analysis. 

(2) Does the third term consider the effect of water? If so, explain this analysis.  If not, 
provide justification for excluding this analysis. 

 
03.08.05-*** 

  
For COL information item COL 3.8 (13) in the BBNPP COL FSAR, Subsection 
3.8.5.5.3,”Essential Service Water Buildings Foundation Base Mats,” Page 3-190 (SRP 
Section 3.8.5), the applicant states in the last sentence of the paragraph that “The 
allowable bearing capacity for the ESWB foundation base mat is enveloped by the U.S. 
EPR design.”  
 
Provide a table listing the bearing pressure requirements for various BBNPP structures 
and the corresponding allowable bearing capacity.  Also, state how the allowable 
bearing capacity is established.  

 
 
03.08.05-*** 

  
For COL information item COL 3.8 (14) in the BBNPP COL FSAR, Subsection 3.8.5.6.1, 
“Materials,” Page 3-191 (SRP Section 3.8.5), the applicant states in the 5th paragraph 
that “The maximum sulfate content for groundwater tested at the BBNPP site is 29 mg/L 
(ppm).  Because this falls between 0 and 1500 ppm, the sulfate exposure in the 
groundwater is considered to be nonaggressive (NRC, 2007).” 
 
Please revise the BBNPP COL FSAR to address the specific sub-section within SRP 
3.8.5 that covers the limits on sulfates. Additionally, please provide information on the 
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chlorides content in the groundwater and provide a comparison of the amount of 
chlorides in the groundwater at BBNPP to the allowable limits for chlorides.  

 
 
03.08.05-*** 

  
  
For COL information item COL 3.8 (16) in the BBNPP COL FSAR, Subsection 3.8.5.7, 
“Testing and Inservice Inspection Requirements,” Page 3-192 (SRP Section 3.8.5), the 
applicant states in  the 4th paragraph that “The settlement monitoring program employs 
conventional monitoring methods using standard surveying equipment and concrete 
embedded survey markers. Survey markers are embedded in the concrete structures 
during construction and located in conspicuous locations above grade for measurement 
purposes throughout the service life of the plant as necessary. Actual field settlement is 
determined by measuring the elevation of the marker relative to a reference elevation 
datum. The reference datum selected is located away from areas susceptible to vertical 
ground movement and loads. If field measured settlements are found to be trending 
greater than expected values, an evaluation will be conducted.” 
 
 
 

(1) (a)   Provide the installation procedures that will be utilized to properly set the 
“survey markers” to assure that the bench mark elevation value will remain stable 
over the 60 year service life of the plant. 

 (b) Provide a comparison of these proposed procedures with those in the 
Installation of survey Bench Marks as provided in NOAA (National Oceanic and 
Atmospheric Administration) Manual NOS NGS 1 Geodetic Bench Marks (U.S. 
DEPARTMENT OF COMMERCE, National Oceanic and Atmospheric 
Administration, National Ocean Survey, Rockville Md.) 

(2) (a) Describe how the reference datum markers are installed and supported. 
           (b) If the trend of the actual field measured settlements exceeds expected values                        

what are the possible corrective actions that might be indicated, and how would they 
be implemented? 

 
 
03.08.05-*** 

  
For supplemental information item SUP 3.8 (9) in the BBNPP COL FSAR, Subsection 
4.5.5.4, “ESWEMS Pumphouse Base Mat,” Page 3-190, (SRP Section 3.8.5), the staff 
requests that the applicant provide an explanation for the data in Table 3.8-1 on Page 3-
195, ESWEMS Pumphouse Base Mat & Pump Well Foundation, Summary Table On the 
Building Stability. 
 
(1)  In the top three rows, the data for “calculated” are greater than those of “allowable”. 
Please explain what these values mean in terms of the stability of the foundation. 
(2)  Please explain why there are several “N/A” for the allowable values, and provide 
justification for excluding this information from the table. 
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03.08.05-*** 
  
  
BBNPP COL, Table 3E.4-3 (SRP Section 3.8.5), states in the 4th row: ”Average values 
for dynamic condition, including SSE loading.” 
 
 
(1)    Please explain the meaning of  “average values” in Table 3E.4-3,Table 3E.4-4, and 
Table 3E.4-5, of the BBNPP COL FSAR. 
 
(2)  The last sentence in the notes below the Table 3E.4-3 incorrectly states: “Refer to 
Figure 3E.4-2 for GT Strudl Finite Element Planar Reference System for Plate Forces 
and Moments.”   Please revise this subsection of the FSAR to include the correct 
reference, which should be to Figure 3E.4-3.   (Note that Figure 3E.4-4 is correctly cited 
in Table 3E4.-4 and Table 3E.4-5.) 
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