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Nuclear Innovation
North America LLC
4000 Avenue F, Suite A
Bay City, Texas 77414

November 14, 2011
U7-C-NINA-NRC-110138

U. S. Nuclear Regulatory Commission
Attention: Document Control Desk
One White Flint North
11555 Rockville Pike
Rockville MD 20852-2738

South Texas Project
Units 3 and 4

Docket Nos. 52-012 and 52-013
Supplemental Response to Request for Additional Information

During audits of May 23-27, 2011, July 25-29, 2011, and September 27-30, 2011, the NRC Staff
requested that Nuclear Innovation North America LLC (NINA) provide additional information to
support the review of the Combined License Application (COLA). Attached is a supplemental
response to NRC staff questions included in Request for Additional Information (RAI) 03.08.04-30
and 03.08.04-34 related to COLA Part 2, Tier 2, Section 3.8.

There are no commitments in this letter.

If you have any questions regarding these responses, please contact me at (361) 972-7136 or
Bill Mookhoek at (361) 972-7274.

I declare under penalty of perjury that the foregoing is true and correct.

Executed on I I(' HI\

Scott Head
Manager, Regulatory Affairs
South Texas Project Units 3 & 4

jep

Attachments:

RAI 03.08.04-30, Supplement 7

RAI 03.08.04-34, Supplement 2

STI33047979
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cc: w/o attachment except*
(paper copy)

Director, Office of New Reactors
U. S. Nuclear Regulatory Commission
One White Flint North
11555 Rockville Pike
Rockville, MD 20852-2738

Regional Administrator, Region IV
U. S. Nuclear Regulatory Commission
611 Ryan Plaza Drive, Suite 400
Arlington, Texas 76011-8064

Kathy C. Perkins, RN, MBA
Assistant Commissioner
Division for Regulatory Services
Texas Department of State Health Services
P. 0. Box 149347
Austin, Texas 78714-9347

Alice Hamilton Rogers, P.E.
Inspection Unit Manager
Texas Department of State Health Services
P. 0. Box 149347
Austin, Texas 78714-9347

*Steven P. Frantz, Esquire

A. H. Gutterman, Esquire
Morgan, Lewis & Bockius LLP
1111 Pennsylvania Ave. NW
Washington D.C. 20004

*Tom Tai

Two White Flint North
11545 Rockville Pike
Rockville, MD 20852

(electronic copy)

*George F. Wunder
*Tom Tai

Charles Casto
U. S. Nuclear Regulatory Commission

Jamey Seely
Nuclear Innovation North America

Peter G. Nemeth
Crain, Caton and James, P.C.

Richard Pefia
Kevin Pollo
L. D. Blaylock
CPS Energy
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RAI 03.08.04-30, Supplement 7

OUESTION:

Follow-up to Question 03.08.04-23

In response to staff question requesting additional information (Letter U7-C-STP-NRC-100036,
dated February 10, 2010) about how various steel and concrete elements of site-specific structures
are designed, and the design results, the applicant provided some analysis and design information.
The applicant also referred to the Supplement 2 response to Question 03.07.01-13 (Letter
U7-C-STP-NRC-090230, dated 12/30/09) for pertinent design summary information. In order for the
staff to conclude that the design of site-specific structures meet the requirements of GDC 2 by
meeting the guidance provided in SRP 3.8.4 and 3.8.5, or otherwise, the applicant is requested to
provide the following additional information:

1. The applicant states in the response that a three dimensional finite element analysis (FEA)
is used for structural analysis and design of the UHS/RSW Pump House. FSAR Section
3H.6.6.1 states that analysis for the seismic loads was performed using equivalent static loads
and the induced forces due to X, Y, and Z seismic excitations were combined using the SRSS
method of combination. However, the applicant did not describe how the equivalent static
loads due to seismic excitation were determined and applied to the static FEA model from the
results of soil structure interaction (SSI) analysis used for determination of seismic response.
Therefore, the applicant is requested to provide details of how seismic response analysis results
from dynamic SSI analysis were transferred to the static FEA model, including how the effects
of accidental torsion were included in the analysis and design of UHS/RSW Pump house.
Please also update FSAR with the information, as appropriate.

2. The applicant stated in its response that the modulus of subgrade reaction for static loading was
calculated as the average of the local values at nine locations under the foundation.
The applicant is requested to provide these nine values, and explain why it is considered
appropriate to use the average value. Please also explain how the foundation subgrade modulus
was used for calculating nodal springs for the FEA model, and how the effect due to coupling
of soil springs was considered in the analysis.

3. For seismic loading, the applicant has outlined a hand-calculated procedure that
utilizes published formulas and charts to estimate the foundation spring constants. According
to this procedure, the equivalent modulus and Poisson's ratio of a layered soil system are
first estimated using the cumulative strain energy method. The resulting values are then used in
the equations for computation of the spring constants for a rigid foundation of an arbitrary
shape embedded in a uniform half-space. The shear moduli used for individual layers are strain
compatible values, and include the mean, upper bound, and lower bound soil cases.
The approximate procedure outlined above for developing the foundation spring constants does
not take into account the pressure distribution under the base slab. Furthermore, this
procedure does not account for the frequency dependence of these springs. As such, the
applicant is requested to provide a justification for not considering the effects of pressure
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distribution and system frequency in developing the foundation dynamic springs including
describing the impact on the calculated results.

4. The applicant's response does not provide details as to how the soil springs calculated
under static and seismic loadings are inputted to the 3-D static FEA model to calculate the
design stresses. Therefore, the applicant is requested to describe in detail how the static and
seismic soil springs are inputted into the FEA model, and how the results are obtained for
stress evaluations. Specifically, the applicant is requested to explain if the two sets of springs
were used in a single model, and how the two sets were combined to a single set of
springs. Otherwise, if the two sets of springs were applied to separate FEA models, describe
how the load combinations were performed. The applicant is also requested to provide
sufficient detail to assist staff in understanding how static and seismic soil springs are used in
the FEA model and results combined for stress evaluations.

5. In the FSAR mark-up of Sections 3H.6.6.3.1 and 3H.6.6.3.2 provided with the response,
the applicant identifies the method used by the applicant for combining forces and moments. In
this method, for each reinforcing zone, the maximum force or moment is coupled with
the corresponding moment or force for design for the same load combination. It is not clear if
this method of combining forces and moments for design will envelop the worst combination
of forces and moments for all elements in a reinforcing zone. Therefore, the applicant is
requested to describe the method of combining forces and moments used by the applicant with
a typical example of a reinforcing zone, and demonstrate that this method of combination will
yield the worst combination of forces and moments that should be considered for design.

6. The staff notes that in the FSAR mark-up of Section 3H.6.6.3.1 provided with the response,
the reported values of soil springs for the RSW Pump House are significantly larger than those
for the UHS basin. The applicant is requested to confirm these values, and explain the reason
for the large difference.

7. The response did not include any information about the maximum static and dynamic
bearing pressures under the foundations of UHS/RSW Pump House. The applicant is requested
to provide the maximum static and dynamic bearing pressure under the foundations of
UHS/RSW Pump House, compare these values with the maximum allowable static and
dynamic bearing pressures, and include this information in the FSAR.

8. In its response to Question 03.07.01-19 (letter U7-C-STP-NRC-100129, dated
June 7, 2010), the applicant provided analysis and design information for the seismic category
I Diesel Generator Fuel Oil Storage Vault (DGFOSV) a which was not previously included in
the FSAR. The information included in the response does not describe how structural analysis
and design of the structure was performed. Also, reference is made to FSAR Section 3H.6.4 for
design loads. FSAR Section 3H.6.4 has been updated several times in various responses, and it
is not clear where this information can be found. Therefore, the applicant is requested to
provide complete structural analysis and design information for the DGFOSV to ensure it
meets acceptance criteria 1 through 7 of SRP 3.8.4 and 3.8.5. The staff needs this information
to conclude that the DGFOSV is designed to withstand seismic loads and meet GDC 2. Include
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in the response an updated version of Appendix 3H where structural analysis and
design information for all seismic category I structures can be found.

9. While reviewing this response, and other responses referenced in this response, the staff
noted that the applicant has used different values of coefficient of friction for sliding stability
evaluation; e.g., the value 0.3 was used for the RSW Pump House, 0.4 was used for UHS
basin, 0.58 was used DGFOSV, and for the Reactor Building (RB) and the Control Building
(CB), it was stated to be more than 0.47. It is not clear if these values are the required
coefficient of friction, or the minimum coefficient of friction available. The applicant is
requested to clearly specify the minimum coefficient of friction at various locations of the site,
if they are different, and explain how these values were determined. Please also clarify this
information in the FSAR.

10. The staff noted references to Diesel Generator Fuel Oil Tunnel (DGFOT) in several
RAI responses. Please confirm that DGFOT is not a seismic category I structure, and if it is
seismic category I, include the analysis and design information to show how the design of the
DGFOT meets the acceptance criteria 1 through 7 in the SRP 3.8.4 and 3.8.5 in the FSAR.

SUPPLEMENTAL RESPONSE:

The Supplement 6 response to this RAI was submitted with Nuclear Innovation North America
(NINA) letter U7-C-NINA-NRC-1 10116, dated September 12, 2011. This supplement provides the
response to the following action items discussed in the NRC audit performed during the week of
September 27, 2011.

Punch List Item 131

In RAI 03.08.04-30 S5, clarify why the wave propagation for DGFOT is based on site-specific
SSE.

Action: Design parameters table (i.e. Table 3H.9-1) will be updated per Action Item 3.7-58.

Punch List Item 134

In COLA Rev. 6, Figures 3H. 7-31 and 3H. 7-32 are not legible and the table number in the table
heading for Table 3H.9-1 is noted as Table 3H. 8-1.

Action: COLA Rev 6 Figures 3H. 7-31 and 32 will be replaced and design parameters table (i.e.
Table 3H.9-1) will be updated per Action Item 3.7-58.
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Action Item 3.7-58

Add a note to the design parameters table (i.e. Table 3H.9-1) to specify that the wave propagation
parameters are site-specific and correct the table number in the table heading (Punch List Items
131 and 134) in RAI 03.08.04-30 S7.

Axial tensile strains, forces and moments at tunnel bends due to seismic wave propagation are layout
dependent. Since the layout of Diesel Generator Fuel Oil Tunnels (DGFOT) is site-specific, the
seismic wave propagation for DGFOT is based on the site-specific Safe Shutdown Earthquake.

COLA Figures 3H.7-31 and 3H.7-32 have been revised. The revised figures are provided in the
RAI 03.07.01-29 Supplement 1 response which is being submitted concurrently with this response.

COLA Table.3H.9-1 has been revised per Action Item 3.7-58 (see Enclosure).

As a result of this response COLA Part 2, Tier 2, Appendix 3H will be revised as shown in the
Enclosure.
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Enclosure

Mark-ups to COLA Revision 6
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RAI 03.08.04-34, Supplement 2

QUESTION:

10 CFR 50, Appendix A, GDC 2, requires that structures important to safety shall be designed to
withstand the effects of natural phenomena with appropriate combination of the effects of normal
and accident conditions. To meet this requirement, all seismic category I structures must be designed
for required strength at all locations in the structure. During the October 2010 Audit the applicant
presented the procedures to verify the concrete sections of the UHS/PH structural members resulting
from the code-required load combinations. The internal forces (i.e. shear, moment, axial force,
torsion, etc.) used to determine the required strength of the structural members (i.e. walls, slabs,
beam, columns, etc.) of the UHS/PH building are generated by the applicant with the help of
SAP2000 models simulating the building's static and dynamic behavior. These element forces are
subsequently processed by the applicant with a number of in-house developed programs for design
of concrete sections. It was noted that concrete slabs and walls were designed for out-of-plane shear
by averaging the element shear forces across cut lines that extended along the entire width of the
walls and slabs. The staff considers that averaging of out of plane shear along the entire cut line of a
slab or wall could lead to unconservative estimate of shear stress in slabs. The subject was discussed
with the applicant during the audit. Although the applicant explained the procedure by referencing to
ACI 349-97, Section 11.12, "Special provisions for slabs and footings," it did not provide the staff
with a sufficient interpretation of the provision of the ACI code, which appears to be intended for
shear strength of slabs and footings in the vicinity of columns, concentrated loads, or reactions, to
close this issue. ACI 349- 97, Section 13.3.1, states that a slab system may be designed by any
procedure satisfying conditions of equilibrium and geometric compatibility, if shown that the design
strength at every section is at least equal to the required strength. Averaging of out-of-plane shear
across the entire width of a slab may not show that the design strength at every section is at least
equal to the required strength. Therefore, in order for the staff to conclude that the site-specific
structures are adequately designed for out-of plane shear, the staff requests STP to demonstrate that
use of average shear force across the entire width of slab, instead of the shear force demand at every
section obtained from analysis may be considered acceptable by any or more of the following:

" Obtain clarification from the ACI regarding validity of use of Section 11.12 of ACI 349-87 for
the situations where the provisions of the code were used,

* Provide examples of any precedence where similar methodology was accepted by the staff,
" Provide detailed justification using industry accepted standards, technical references,

experimental results, etc., to justify redistribution of the shear forces obtained from finite
element analysis.

The applicant is also requested to update the FSAR as necessary.
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SUPPLEMENTAL RESPONSE:

The original response to this RAI was submitted with Nuclear Innovation North America (NINA)
letter U7-C-NINA-NRC-1 10050, dated April 5, 2011. This supplement provides the response to the
following action item discussed in the NRC audits performed during the weeks of May 23, 2011 and
July 25, 2011.

Beam shear discussion (Punch List Item 119):

Calculations will be revised and FSAR tables will be updated as a Confirmatory Action
(Follow-up to Punch List Item 56, Audit Action Item 3.8-21)

Finite element analysis was used for design of the following structures:

" Ultimate Heat Sink (UHS)/Reactor Service Water (RSW) Pump House
* Diesel Generator Fuel Oil Tunnels (DGFOT)
" Diesel Generator Fuel Oil Storage Vaults (DGFOSV)
" Radwaste Building (RWB)

As noted in the original response, unless noted otherwise, design of these structures for out-of-plane
shear have been conservatively revised based on finite element analysis results for each element
without averaging the shear over several elements. The Supplement 1 response to this RAI
submitted with NINA letter U7-C-NINA-NRC-1 10116, dated September 12, 2011 provided the
summary of results for UHS/RSW Pump House and DGFOT. This supplemental response provides
the summary of results for RWB and DGFOSV.

RWB:

No averaging has been used for out-of-plane shear design. Tables 3H.3-3 and 3H.3-4 and Figures
3H.3-8 through 3H.3-49 (see Enclosure) have been revised to reflect the results of this analysis and
replace the existing tables and figures in the COLA.

DGFOSV:

No averaging has been used for out-of-plane shear design. Table 3H.6-11 and Figures 3H.6-142
through 3H.6-208 (see Enclosure) have been revised to reflect the results of this analysis and replace
the existing tables and figures in the COLA.

As a result of this response COLA Part 2, Tier 2, Appendix 3H will be revised as shown in the
Enclosure.
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Enclosure

Mark-ups to COLA Revision 6
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3H.6.7.2.1 Wall and Slab Design

For each reinforcement zone, the in-plane'and n ,se with the corresponding
load combination are reported in Table 3H.6-1 1Ti in-plane shear i's the maximum avyg§e

j si'i shear, Lplane nht&s~ zone.

The shl f r efo m -eve Jr y-elre -n-t -for _e've-r-yi'6a-dc cOm b i hat i o- -- p t h ef fin it e- -e- Ie m_ t _mod e Ir
evaluated to determine the, required, transverse reinforcement. The transverse' shear and axial fo~c
reported iný Tables 3H-.6-14 1o res pond tothe maximum re uired transverse reinforcement foran'
elemenit with i n'that~tra nsvers& reinforcement zone.

~fi~& n;~lnesc~~;s;tb~Maximum'" shearg Onng~ tha iroc'6 4 h,-
#amie Y4em r 1fentone--

3H.6.7.3.1 Uplift Analysis

The SAP2000 finite element models were checked for uplift effects by reviewing the joint reaction at
the basemat. It was determined that under seismic loading the DGFOSV experiences uplift. Using
the 100%, 40%, 40% rule for combination of three seismic excitations, non-linear analysis was run
on each model with uniform Winkler soil springs and pseudo-coupled soil springs to determine an
enveloping adjustment factor for forces and moments from the linear analysis for the foundation mat
and the connecting walls. The non-linear analysis iterates multiple times removing soil springs that
go into tension during each iteration until no soil springs are in tension. For the directional
earthquake loading required for the nonlinear analysis, the DGFOSV critical loading, a safe
shutdown earthquake (SSE) from the southwest in combination with static active and passive loads
for SSE, is considered.

Comparing resultant foundation mat and wall reactions from the linear analysis with mat and wall
reactions from the nonlinear analysis, there is a maximum reaction
increase of approximately ITP% for the foundation mat shea
f slan earand axial forces, 214-% increase for the foundation mat
bending moments, - :hiic g w and axial fireieand li:Q6%
increase for the connecting wallsshearforcs axia1forc'es gan bending moments (enveloping
cases with Winkler and pseudo-coupled soil springs) in the nonlinear analysis. To account for this,
the resulting forces and moments from the linear analyses were adjusted by applying an increase
fato o 324-ý u a forces in the foundation mat, rctoreof 1.1'j-paanshan increase factor of e12.- to all moments
in the foundation mat aWallsJ~nd an increase
factor F to all icdesign.




























































































































































































































































































