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April 29, 2010
U7-C-STP-NRC- 100093

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
Response to Request for Additional Information

References: 1. Letter, Mark A. McBurnett to Document Control Desk, "Response to Request
for Additional Information," dated December 16, 2009.
U7-C-STP-NRC-090225 (ML093520627)

2. Letter, Scott Head to Document Control Desk, "Response to Request for
Additional Information," dated February 4, 2010. U7-C-STP-NRC- 100035
(ML100480204)

3. Letter, Scott Head to Document. Control Desk, "Response to Request for
Additional Information," dated February 10, 2010. U7-C-STP-NRC- 100036
(ML100550613)

Attachments 2 through 7 are revised or supplemental responses to NRC staff questions included
in Request for Additional Information (RAI) letter numbers 289, 299 and 302 related to
Combined License Application (COLA) Part 2, Tier 2, Sections 3.7 and 3.8. References 1, 2 and
3 provided the original response to the following RAI questions:

RAI 03.07.01-18 RAI 03.07.02-19
RAI 03.07.01-19 RAI 03.07.03-3
RAI 03.07.02-13 RAI 03.08.04-19

Additionally, supplemental information dates, as originally provided in Attachment 15 of
Reference 3 for Sections 3.7 and 3.8, have been updated and are provided in Attachment 1 to this
letter.

STI 32661183
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Where there are COLA markups, they will be made at the first routine COLA update following

NRC acceptance of the RAI response.

There are no commitments in this letter.

If you have any questions regarding this response, 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 (Z--t /[Z)

L6-
Scott Head
Manager, Regulatory Affairs
South Texas Project Units 3 & 4

jep

Attachments:
1.
2.
3.
4.
5.
6.
7.

Supplemental Information Dates
RAI 03.07.01-18, Revision I
RAI 03.07.01-19, Revision I
RAI 03.07.02-13, Supplement 1
RAI 03.07.02-19, Revision 1
RAI 03.07.03-3, Revision 1
RAI 03.08.04-19, Revision 1
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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
P. 0. Box 149347
Austin, Texas 78714-9347

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

C. M. Canady
City of Austin
Electric Utility Department
721 Barton Springs Road
Austin, TX 78704

* 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

Loren R. Plisco
U. S. Nuclear Regulatory Commission

Steve Winn
Joseph Kiwak
Eli Smith
Nuclear Innovation North America

Jon C. Wood, Esquire
Cox Smith Matthews

Richard Pefia
Kevin Pollo
L. D. Blaylock
CPS Energy
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SUPPLEMENTAL INFORMATION DATES (UPDATED)

RAI INFORMATION DESCRIPTION STPNOC LETTER SUPPLEMENTAL /
Number NUMBER REVISION

DATE
03.07.01-18 Increase in Soil Pressure due to Structure to Structure U7-C-STP-NRC-100035 Submitted

interaction U7-C-STP-NRC- 100093
03.07.01-19 Details for Diesel Generator Fuel Oil Storage Vaults U7-C-STP-NRC-100035 Submitted

U7-C-STP-NRC- 100093
03.07.01-24 Effects of Crane Wall on the Reactor and Control Buildings U7-C-STP-NRC-100036 Submitted

U7-C-STP-NRC- 100083
03.07.02-13 Stability Evaluations for Seismic Category II Structures U7-C-STP-NRC-100036 Submitted

I U7-C-STP-NRC- 100093
03.07.02-19 Seismic Input for I/I Evaluation for Radwaste Building U7-C-STP-NRC-100035 Submitted

U7-C-STP-NRC- 100093
03.07.03-3 Revise previous RAI response for Control Building Annex U7-C-STP-NRC-090225 Submitted

Input Motion based on DCD model - As previously U7-C-STP-NRC-100036
discussed in the January 19-20 meeting U7-C-STP-NRC-100093

03.08.01-8 Effect of Increase in Pool Swell Height and Pressure U7-C-STP-NRC-100018 Submitted
U7-C-STP-NRC-100036
U7-C-STP-NRC- 100083

03.08.04-18 Radwaste Building Analysis Results and Design Details U7-C-STP-NRC-100036 May 31, 2010

03.08.04-19 Results of Sliding Evaluation U7-C-STP-NRC-100036 Submitted
U7-C-STP-NRC- 100093

03.08.04-25 Details of Interface Connections Between the RSW Piping U7-C-STP-NRC-100036 Submitted
Tunnel and Buildings U7-C-STP-NRC- 100083

03.08.05-2 Results of Time Rate of Settlement and Evaluation of Gaps U7-C-STP-NRC-100018 Submitted
for Site-Specific Structures U7-C-STP-NRC-100036

U7-C-STP-NRC- 100083
03.08.05-3 Revise previous RAI response for Acceptance Criteria for U7-C-STP-NRC-100018 Submitted

Building Tilt due to Settlement - As previously discussed in U7-C-STP-NRC-100036
the January 19-20 meeting U7-C-STP-NRC-100083
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RAI 03.07.01-18, Revision 1

QUESTION:

(Follow-up Question to RAI 03.07.01-5)

In the response to RAI 03.07.01-5, the applicant cited DCD Appendix 3A in concluding that "the
potential effect of structure-to-structure interaction is relatively small." However, DCD (see
DCD Section 3A.9.7, Effect of Adjacent Buildings) also concluded that seismic soil pressure in
between the RB and CB increased due to structure-to-structure interaction (SSSI) effect. The
applicant is requested to provide soil pressure profile between the RB and CB, and discuss how
the potential effects of the increase in the seismic soil pressure in between the RB and CB due to
SSSI effect has been addressed and bounded by the certified design.

REVISED RESPONSE:

The original response to this RAI was submitted with STPNOC letter U7-C-STP-NRC-100035,
dated February 4, 2010 and committed to provide the increased soil pressure profile between the
Reactor Building (RB) and Control Building (CB) due to structure-to-structure interaction effect
by April 30, 2010 and show that this pressure profile is bounded by the certified design soil
pressures. The following revised response provides this information and completely supersedes
the previous response. The revised portion of the response is marked with a revision bar.

Attached Figures RAI 03.07.01-18a and RAI 03.07.01-18b provide the increased soil pressure
profiles between the RB and CB due to structure-to-structure interaction for site-specific Safe
Shutdown Earthquake (SSE) obtained from Soil-Structure Interaction (SSI) analysis along with
the design soil pressures reported in DCD Table 3A-18 and Figures 3H.I-1I1 and 3H.2-14. As
can be seen from these figures, the soil pressure profiles from the SSI analysis are bounded by
the envelope of the certified design soil pressures from DCD Table 3A-18 and Figures 3H.1-1 1
and 3H.2-14 with one exception. The soil pressure from the SSI analysis for the CB slightly
exceeds the certified design soil pressure at a depth of about 26 to 30 feet below the ground
surface. At all other elevations the DCD soil pressures are higher (significantly higher at most
elevations) than the site-specific soil pressure. Therefore, the total force due to the certified
design soil pressure on the wall panel will be significantly higher than the total force due to soil
pressure from the SSI analysis. Therefore, the design based on certified design soil pressures
will be adequate for soil pressure profiles from the SSI analysis.

No COLA change is required for this response.
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Figure RAi 03.07.01-18a: Comparison of DCD SSE and Site-Specific SSE
Seismic Soil Pressures for Reactor Building North Wall
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Figure RAI 03.07.01-18b: Comparison of DCD SSE and Site-Specific SSE
Seismic Soil Pressures for Control Building South Wall
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RAI 03.07.01-19, Revision 1

QUESTION:

(Follow-up Question to RAI 03.07.01-6)

In response to RAI 03.07.01-6, the applicant referred to COLA Part 2, Tier 2, Section 3A. 17 for
description of the supporting media, dimensions of the structural foundation, and total structural
height for the Reactor Building (RB) and Control Building (CB). However, the referenced
section does not include the requested information for the Diesel Generator Fuel Oil Storage
Vaults (DGFOSV) which is listed as Seismic Category I structure in Revision 3 of the FSAR
Section 2.5S.4.10.2. As such, the applicant was requested to provide information on supporting
media for DGFOSV. Since the shear wave velocity parameter of the subgrade material (soil or
backfill) supporting this structure may be less than 1000 fps, the applicant is also requested to
provide quantitative results of the reconciliatory site specific seismic analysis (with appropriate
consideration of dynamic soil or backfill properties) addressing the potential impact on FIRS,
SSI, settlement calculations, and structural design concerning DGFOSV.

2. In the response to item 3 of RAI 03-07-01-6 it was stated that "The resulting
strain-compatible properties for the three profiles are presented in COLA Part 2, Tier 2 Table
3H.6-1 ." A review of Table 3H.6-1 indicates that the S-wave and P-wave damping ratio used
in the SSI analysis for an individual layer is the same. The applicant is requested to provide
the basis for maintaining the S-wave and P-wave damping the same for an individual layer.

3. In response to RAI 03.07.01-6, Item 3, the applicant states that, "The seismic site response
analysis was conducted, as described in Section 2.5S.2.5, using P-SHAKE to develop
Ground Motion Response Spectrum (GMRS). No reference to P-SHAKE program was
found in Section 2.5S.2.5 of Revision 3, and no'proposed FSAR markup is provided for
future incorporation. As such, the applicant is requested to clarify whether P-SHAKE
program has been used to develop GMRS and strain-compatible soil properties, as described
in Section 2.5S.2.5, and if so, how P-SHAKE program performs site-response analysis (e.g.
deterministic or probabilistic method, etc.). The applicant is further requested to clarify
whether P-SHAKE program was also used to perform deconvolution of the SSE design
motion specified at the freefield ground surface to calculate the foundation motion for the
Seismic Category I structures.

REVISED RESPONSE:

The original response to this RAI was submitted with STPNOC letter U7-C-STP-NRC-100035,
dated February 4, 2010 and committed to provide the analysis and design results for the Diesel
Generator Fuel Oil Storage Vaults (DGFOSV) by April 30, 2010. The following revised
response provides this information and completely supersedes the previous response. The
revised portions of the response are marked with a revision bar.
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(Paragraph 1)

The Diesel Generator Fuel Oil Storage Vaults (DGFOSV) are reinforced concrete structures,
located below grade with an access room above grade. The DGFOSV house fuel oil tanks
and transfer pumps. The DGFOSV are buried in the structural back-fill. The embedment
depth to the bottom of the 2 ft thick mudmat is approximately 43 ft, the maximum height
from the bottom of the mudmat is approximately 59 ft, and the basemat dimensions are
approximately 81.5 ft by 48 ft. Properties of the backfill are described in COLA Part 2, Tier 2
Section 3H.6.5.2.4. Conservatively, a 3-dimensional SAP2000 response spectrum analysis
was used to obtain the safe-shutdown earthquake (SSE) design forces due to structure inertia.
The seismic induced dynamic soil pressures on DGFOSV walls were computed using the
method of ASCE 4-98, Subsection 3.5.3.2.

Two DGFOSV are located about 50 feet away from the south face of the Reactor Building
(RB), which is a heavy multistory structure. The third DGFOSV is located approximately 38
feet away from the north face of the Reactor Service Water (RSW) Pump House.
Considering the soil profile at the STP Units 3 & 4 site, the induced acceleration at the
foundation level of the DGFOSV during a SSE event may be amplified due to their close
proximity to the RB (for the two) or the RSW Pump House (for the third). To establish the
input motion for the soil-structure interaction (SSI) analysis of the DGFOSV, considering the
impact of the nearby heavy RB (for the two) and RSW Pump House (for the third) structures,
an analysis as described below was performed.

Five interaction nodes at the ground surface and five at the depth corresponding to the
bottom elevation of the DGFOSV foundations are added to the three dimensional SSI
SASS12000 model of the RB for obtaining free field responses for the two DGFOSV close to
the RB. These five nodes correspond to the four comers and the center of the DGFOSV.
This RB SSI model is analyzed for the STP site-specific SSE. For each of these two
DGFOSV, first an average of the spectra at five nodes at the surface and foundation each is
calculated and then envelope of the two average spectra is calculated. A similar SSI analysis
is performed for the third DGFOSV close to the RSW Pump House. Finally, the envelope of
the envelope average spectra for the three DGFOSV and the 0.3g Regulatory Guide 1.60
response spectrum is used as the input response spectrum for the SSI analysis of the
DGFOSV. The DGFOSV and the equipment and components inside the vault are designed
using the results of the SSI analysis.

The comparison of response spectra (the minimum required 0.1 g Regulatory Guide 1.60
spectra, the FIRS, and the deconvolved SHAKE outcrop spectra) at the foundation level of
the DGFOSV is presented in Figures 3H.6-1 Id through 3H.6-1 IL, included in Enclosure 1.
As can be seen from these figures, the deconvolved SHAKE outcrop spectra envelop the
minimum required spectra and FIRS for the three sets of soil properties.

The applicable codes, standards, and specifications from COLA Part 2, Tier 2 Section 3H.6.4
are used for analysis and design of the DGFOSV.
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The DGFOSV are designed to the applicable loads and load combinations specified in COLA
Part 2, Tier 2 Section 3H.6.4.

The settlement information on the DGFOSV is included in COLA Part 2, Tier 2,
Section 2.5S.4.10.

The forces and moments at critical locations in the DGFOSV along with the provided
longitudinal and transverse reinforcement are included in Table 3H.6-11 in conjunction with
Figures 3H.6-140 through 3H.6-208, provided in Enclosure 2.

The calculated factors of safety against sliding, overturning, and flotation for the DGFOSV
are included in Table 3H.6-12, provided in Enclosure 2.

The tornado missile impact evaluation results for the DGFOSV are included in Table
3H.6-13, provided in Enclosure 2.

2. The P-wave damping ratios are assigned the same values as those calculated for the S-wave
damping ratios. This is based on the recommendations of the upcoming ASCE 4-09
standards (see Reference below). The recommendation is based on the recent observation of
earthquake data and the realization that the waves generated due to SSI effects are mainly
surface and shear waves. It should be noted that the S-wave damping ratios for the best,
estimate profile are very low (around 1.5% and not exceeding 2%). Moreover, using the
maximum strains, as shown in FSAR Figure 2.5S.2-47, and applying the effective strain ratio
of 0.65, as described in FSAR Subsection 2.5S.2.5.4, the uniform strains for 1 E-4 hazard
level do not exceed 0.02%.

Reference Used for this RAI Response:

American Society of Civil Engineers (ASCE), Seismic Analysis of Safety-Related Nuclear
Structures, ASCE 4-09, to be published in 2010.

3. The P-SHAKE program was used to develop the GMRS in Section 2.5S.2.5. A mark-up of
COLA Part 2, Tier 2, Section 2.5S.2.5, that describes the P-SHAKE program and its use in
site response analysis, is included as part of the response to RAI 02.05.02-23 submitted with
STPNOC Letter U7-C-STP-NRC-090146, dated September 21, 2009.

The SHAKE program was used to perform deconvolution of the SSE design motion
specified at the free field ground surface to calculate the SHAKE outcrop motion at the
foundation elevation of the Seismic Category I structures.

The COLA mark-up for Section 2.5S.2.5 provided in response to RAI 02.05.02-23 is
reproduced in the following for ready reference:

"The description of the RVT approach in the STP COLA will be modified and expanded to
include a more detailed discussion.
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The first and second paragraphs of FSAR Section 2.5S.2.5.4, COLA Revision 3 will be
revised as follows:

The site response analysis performed for the STP 3 & 4 site is conducted using the
program P-SHAKE (refer to Appendix 3C), which uses procedure- basedon Random
Vibration Theory (RVT) (References 2.5S.2-52 and 2.5S.2-53) with the following
assumptions:

* Vertically-propagating shear waves are the dominant contributor to site response

*An equivalent-linear formulation of soil nonlinearity is appropriate for the
characterization of site response

These are the same assumptions that are implemented in the SHAKE program
(Reference 2.5S.2-54). and that ........... ..........e-..p.Se

itn this respet, RVT and SHAKE b
with ground motion power spectral orn t sO as-pcr (n srltent

ak.v'alues' while SHRAKE works with individual time~ h~t-res eand thei FourierSpe~tFa7
With!repect~to RVT implementation, th ao tpsd ini P-SHAKE are ~as follows:

References:

2.5S.2-52 "Structural Response to Stationary Excitation," Journal of the Engineering
Mechanics Division ASCE, v. 106, No. EM6, December, pp. 1195-1213,
Der Kiureghian, A., 1980.

2.5S.2-53 "Site-Specific Validation of Random Vibration Theory-Based Seismic Site
Response Analysis," Journal of Geotechnical and Geoenvironmental
Engineering, Vo. 132, No. 7, July, pp. 911-922, Rathje, E. and Ozbey,
C.M., 2006.
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2.5S.2-54 "SHAKE91: A computer program for conducting equivalent linear seismic
response analyses of horizontally layered soil deposits," Idriss, I. M., and
Sun, J. I., Dept. of Civil and Environmental Engineering, Center for
Geotechnical Modeling, Univ. of California, 1992."

The STP Units 3 and 4 COLA will be revised as follows as a result of this response.

1. Revise Sections 3H.6.1 and 3H.6.3 as follows:

3H.6.1 Objective and Scope

The objective of this appendix is to describe the structural •analysis and design of the STP 3
& 4 site-specific seismic Category I structures that are identified below. andshowR in
Fjgui~s 1.2 34 thro ughi 41.-N.36

(1) Ultimate Heat Sink (UHS) for each unit consists of a water retaining basin with enclosed
cooling towers situated above the basin and a Reactor Service Water (RSW) pump
house that is integral with the UHS basin.

(2) RSW piping tunnel for each unit.

(3~) Diesel GeneratorFuel Oil Storage Vault for each unit.

.The details of analysis and design for Items (1) and (2) are provided in Sections 3H-.6.3

through h3H. 6-6. Thedetails for Itemiw(3)7 are provided in Section3H.6.7.

3H.6.3 Structural Descriptions

The site-specific Seismic Category I structures at STP 3 & 4 consist of one set of the
following for each unit: UHS basin, enclosed UHS cooling towers located on top of the basin,
RSW pump house contiguous with and adiacent to the UHS basin, and buried RSW piping
tunnels and access shafts to the tunnels (see Figures 1.2•34 throughN 1.2-36). Each UHS
basin and RSW pump house has a 10-ft (3.05-m) thick foundation mat and are connected at
a common wall; and the RSW piping tunnels extend from the pump house to the Control
Buildings. Each of these structures is described in more detail in the following subsections.

2. Add the following new subsection in Section 3H.6, and revise the subsection number for the
References:

3H.6.7 Diesel Generator Fuel Oil Storage Vaults (DGFOSV)

The Diesel Generator Fuel Oil Storage Vaults (GFOSV) are r~einforced concrete structures,
located below grade withan access room above gr.ade. "The DGFOSV h .ouse fuel oil tanks
and transfer pumnps. The DGFOSV are buriedin the stru~ctural back-fill. The embedment
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depth to the bottom of the2 ft thick nmudmat is approximately 43 ft, the maximum height from
the bottom of the ,mudmat is approximately 59 ft, and the basemat dimensions are
approximately 81.5 ft by 48 ft. Properties of the backfill are described in Section 3H.6.5.2.4.
A 3-dimensional SAP2000 response spectrum analysis was used to obtain the SSE design
forces due to structure inertia. The seismic induced dynamic soil pressures on DGFOSVS
walls and roof were computed using the method of ASCE 4-98, Subsection 3.~5.3.2.

Two DGFOSV arelocated about 50 feet away from the south faceofthea Reactor Building
h(lhh iheavy multistory structure. The third DGFOS is located approximately 38

feet away from the north face of the Reactor Service Water (RS.) Pump SHoiuse.
Considering the soil profile at the STP Units 3 & 4 site, the induced acceleration at the
fouudation level of the DGF1SV during a SSE event may be amplified due to their close
pr•oximity to the RB (for the two) or the RSW Pump House (for the third). T establish the
input motion for the soil-structure interaction (SSI) analysis of"the«..DGFOSV, considering the
impact of the nea~rby heavy RB (for the two) and RSW Pumnp<House (for the third) structures,
a as described below was performed.

Five interaction nodes at the ground surface and 'five6 at the depth corresponding to the;
b~ottom elevation of theD~GFOSV foundations are added to the three dimensional SSI
SASS12000 model of the RB for obtaining free field responses for the two DGFOSV close to
the Re. These five nodes correspond to the four corners and the center of the DGFOSV.
This RB SSI model is analyzed for the STP site-specific SSE. For eachof the~se two
DGFOS first an average of the <spectra<at five nodes at the< surface andfo6undation each is
calculated andthen envelope of the two average spectra is calculated. A similar SSI
analysisis performed for the third DGFOSV close to the RSW •PumpHouse. Finally, the
~envelope of the envelope average spectra for the three DGFOSV and the 0.3g Regulatory
Guide 1.60 response spectrum is used as the input response spectrum for the6 SSI analysis
of the DGFOSV. The DGFOSV and the e~quipment and compoents inside the vault are
designed using the results of the SSI analysis.

The comparison of response spectra (the minimum required 0.1g Regulatory Guide 1.60
spectra, theFIRS, and the Sdeconvolved SHAKE outcrop spectra) at the foundation level of
the DGFOSV is presented in Figures 3H.6-1 1 d through 3H.6-1 1 L. As can be seen from
these figures, theaeconvolved SHAKE outcrop spectra envelop thetminimum required
spectra and FIRS for s theethree sets of soil properties.

Tb•e applicabl codes, standards, and specifications from..ection 3H.6.4 are used for
analysis a~nd design of the DGFOSV.

~The DGFOSV are ~designed to the ~applicable loads and load combinations specified in
Section 3H.6.4.

The settlement informnation onrthe DGFOSV is included in Section 2.5S.4.10.

The forces and ~moments at critical locations in the <DGFOSV~ along with the provided
lonigitudinal and ~transverse rein~for~cement are included in Table 3H.6-1 1 in ~conju~nction with,
Figures 3H1.6-140 through 3H.6-208.
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Whe calculated factors of safety against sliding, overturning. and flotation for the DGFOSV
are included in Table .3H.6-12.

The tornadoao missile impact eaiaion resultsfor the DGFOSV are included in tat q
3HK.6-13.'

h3ak6.T6.. 3H.A'6# References

3. Add enclosed Figures 3H.6-1 Id through 3H.6-1 IL, and 3H.6-140 through 3H.6-208. Also,
add Tables 3H.6-11 through 3H.6-13.
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Enclosure 1 to Response to RAT 03.07.01-19

New COLA Figures 3H.6-11d through 3H.6-11L
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Comparison for 5% Damping
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Comparison for 5% Damping
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Comparison for 5% Damping
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Comparison for 5% Damping
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Comparison for 5% Damping
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Comparison for 5% Damping
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Comparison for 5% Damping
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Enclosure 2 to Response to RAI 03.07.01-19'

New COLA Tables 3H.6-11 through 3H.6-13 and
Figures 3H.6-140 through 3H.6-208
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Table 3H.6-1 1: Resulti of'DGF&O Vault Concrete Deslgn
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Table 3H1.6-1,1: Results of DGFOS Vault Concrete Design (Conitinue'd)
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Table 3H.6-1 1: Results of DGFOS Vault Concrete. Design (Continued)
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Table 3H.6-11: Results of DGFOS Vault Concrete Design (Continued)
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Table 3H.6.1 1:, Results -of DGFOS Vault Concrete Des gn (Continued)
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Table 31-.6-11: Results ofDUFOS Vault ConcreteDesign (Continud)
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Table 3H.6-11: Results of DGFOS Vault Con crete Design (Continued)
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Table 3H.6-11: Results of DGFOS Vault Concrete Design, (Continued)
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Table 3H.6-1 1: Results of DGGFOS Vault Cotcrete Design'iCorntinuýe)'
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Table 3H.6-11: Results of DGFOSVault Concrete Design (Continued),
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Table 3H116-11: Results of DGFOS Vault Concrete-Design (Continued)
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Table 3H.6-11: Re~su!tsof DGFOS vault Concrete Design (Continued)
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Table 3H.6-11: Results of DGIOS -Vault Concret. Design (Continued)
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-Table 3H.6,11: Resultsof DGFOS Vault Concrete Design (Continued)
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Table 3H:6-12:.Fact6rs of Safety Against Sliding, OVerturning,, anr• Flotation
for Diesel Generator, Fuel Oil Storage Vaults

Load Combination Calculated Safety Factor Notes
Overturning Sliding Flotation

D + F' - --- 1.28

D+H+W 73.3 63.1 2,3

D + H + Wt 32.5 27.3

D+H+E' 1.1 1.1 3,4

Notes:

1) Loads D, H, W, V0,:and E' are defined in Subsection 3H.6.4:3.4.1. F' is~the buoyant force
corresponding to thedesign basis flood.

2) Reported safety factors are conservatively based on considering empty weight of the fuel oil tank.

3) Coefficients of friction fdr sliding resistance are O.58'for static conditions and 0:39 for dynamic
conditions for the Diesel Generator Fuel Oil StorageVault.

4) The calculatedsafety factors consider lessthan half of the full passive pressure. The calculated
saftey factors increase if full passivepressure (Kp = 3.0) is considered,
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. .... • Table 3H.61,3: Tornado, Missilep~a~ctEvaluation for Diesel Generator Fuel OIStorage Vault

Minimum.required.thickness to prevent pentration, perforation, and scabbing = 13.6"
Local Check DGFOS Vault

Minimum provided thickness = 18"

Flexure controls.

Roof Maximum impactioad including Dynamic Load Factor (DLF) = 432 kips

Ductility demand = 0.5 <ý Ductility limit = 10

Flexure controls.

Protection Hood Maximum impact load including Dynamic Load Factor (DLF)= 432. kips

Ductility demand = 5 < Ductility limit = 10

Overall Check of Flexure controls.
Impacted Element Walls Maximum impact load including Dynamic Load Factor (DLF) = 938 kips

Ductility demand = 0.7 < Ductility limit = 10

Shear controls.

Maximum impact load including DynamicbLoad Factor (DLF) = 617' kips

Entry Way Wall Minimum capacity = 929 kips

Shear ties are required locally to withstand a missile strike near the top and bottom panel
supports. See Table 3H.6-11 and Figure,3H.6-208 for reinforcement size and location.

Equivalent static impact forcesiare applied tothe FEMlanalysis of the DGFQS Vault. The
Global Check analysis resultspresented in Table 3H.6-11 provide a summary of the results for all load

combinations including those affected by the tornado -missile impact.
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FIGURE 3H.6-140: DGFOSV SAP2000 Model
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FIGURE 3.58-142: SLAB 1 LOOKING DOWN
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FIGURE 3H.8-143: SLAB 1 LOOKING DOWN
VERTICAL REINFORCEMENT ZONES

NEAR SIDE FACE
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FIGURE 3H.6-144: SLAB 1 LOOKING DOWN

HORIZONTAL REINFORCEMENT ZONES

FAR SIDE FACE
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FIGURE 3H.6-145: SLAB 1 LOOKING DOWN
VERTICAL REINFORCEMENT ZONES

FAR SIDE FACE
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.FIGURE 3N.B--148: SLABi COOKING DOWN
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FIGURE 3H.6-i47: RoOF 2 LOOKING DOWN

HORIZONTAL REINFORCEMENT ZONES
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FIGURE 3H.6-148: ROOF 2 LOOKING DOWN

VERTICAL REINFORCEMENT ZONES

NEAR SIDE FACE
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FIGURE 3H.6-149: ROOF 2 LOOKING DOWN

HORIZONTAL REINFORCEMENT ZONES

FAR SIDE FACE



RAI 03.07.01-19, Revision 1 U7-C-STP-NRC-100093
Attachment 3

Page 45 of 102

- 0-

32'-0
'-V-l

FIGURE 3H.6-150: ROOF 2 LOOKING DOWN

VERTICAL REINFORCEMENT ZONES

FAR SIDE FACE.
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FIGURE 3H.6.-151: SLAB 3 LOOKING DOWN
HORIZONTAL REINFORCEMENT ZONES

NEAR SIDE FACE
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FIGURE 31H.6-152: SLAB 3 LOOKING DOWN

VERTICAL REINFORCEMENT ZONES

NEAR SIDE FACE
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FIGURE 3H.6-153: SLAB 3 LOOKING DOWN
HORIZONTAL; REINFORCEMENT ZONES

FAR SIDE.FACE
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FIGURE 3H.6-154: SLAB 3 LOOKINGDOWN

VERTICAL REINFORCEMENTZONES

FAR SIDE FACE
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FIGURE 3H.6-156: ROOF 5 LOOKING DOWN

VERTICAL REINFORCEMENT ZONES
NEAR SIDE FACE
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FIGURE 3H.6-157: ROOF. 5 LOOKING DOWN

HORIZONTAL REINFORCEMENT ZONES
.FAR SIDE FACE
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RAI 03.07.02-13, Supplement 1

OUESTION:

(Follow-up Question to RAI 03.07.02-1)

With regard to Item c of the response to RAI 03.07.01-13, the applicant is requested to address
the following:

1. The FSAR mark-up in the response to item (b) of RAI 03.07.02-1, did not include the list of
non- Category I structures requiring the enhanced seismic design and analysis. The applicant
is requested to include in FSAR 3.7.2.8 the five identified non-Category I structures that
could interact with the Category I structures.

2. The response to item (c) of RAI 03.07.02-1 indicated that non-Category I structures with the
potential to interact with Category I structures have not yet progressed to a point where
sliding and overturning potential as a result of the SSE can be evaluated. However, as
identified in SRP guidance 3.7.21.8., the staff must review the applicant's seismic design of
these non- Category I structures. As such, the applicant is requested to provide in the FSAR
factors of safety against sliding and overturning including the basis of coefficient of friction
used in the analysis during an SSE for Turbine Building, Radwaste Building, Service
Building, Control Building Annex, and Plant Stack.

SUPPLEMENTAL RESPONSE:

The original response to this RAI was submitted with STPNOC letter U7-C-STP-NRC-100036,
dated February 10, 2010 and committed to confirm that the design meets the minimum required
factor of safety for sliding and overturning and to provide the basis for coefficient of friction
used for the Turbine Building, Service Building, Radwaste Building, and Control Building
Annex by April 30, 2010. This information is provided in this supplemental response.

Table 3H.6-14 provides the calculated factors of safety for overturning and sliding for site-
specific Safe Shutdown Earthquake (SSE). These factors of safety were calculated in accordance
with the criteria described in the original response. As can be seen from this table, all calculated
factors of safety are in excess of minimum required factor of safety of 1.1. Also included in this
table are the coefficients of friction used for sliding stability evaluations. The basis for these
coefficients of friction is the shear resistance of the supporting foundation soil, similar to that
described for the Control Building (CB) and Reactor Building (RB) in the revised response to
RAI 03.08.04-19, being submitted concurrently with this letter.
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COLA Part 2, Tier 2, Section 3.7.2.8 will be revised as shown below:

3.7.2.8 Interaction of Non-Seismic Category I Structures, Systems and Components
with Seismic Category I Structures, Systems and Components

The Category I structures and their physical proximity to nearby non-Category I
structures are shown in Figure 3.7-38. None of the non-Category I structures proposed
as part of STP Units 3 and 4 is intended to meet Criterion (2) of DCD Section 3.7.2.8.
Rather, for each non-Category I structure, either: (1) it is determined that the collapse
of the non-Category I structure will not cause the non-Category I structure to strike a
Category I structure; or (2) the non-Category I structure will be analyzed and designed
to prevent its failure under SSE conditions in a manner such that the margin of safety
of the structure is equivalent to that of Seismic Category I structures. Non-Categoy I
structures that can interact with Seismic Categor I structures include the Turbine
Building JTB), Radwaste Building (RWB) , Service Build ing (SB), Control Building
Annex (CBA) and he stack on the eactor Building roof. Table 3H.6-14 provides
sliding and overturning factors of safety under site-specific SSE for TB, RWB, SB, and
CBA.
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abe3H.6--4- -Calc-ulate-dO-verurningand, Sliding
Factors of Safety Under Site-Specific SSE

for TB, SB,_RWBq and CBA
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RAI 03.07.02-19, Revision 1

QUESTION:

(Follow-up Question to RAI 03.07.02-11)

In the response to RAI 03.07.02-11, the applicant stated that, "The analysis and design results
will be available for review following the completion of the detailed design of the RWB
currently scheduled for December 2010." Since this is part of the seismic SSI analysis and
RWB is classified as a non-Category I structure with the potential to interact with Category I
structures, the applicant is requested to provide the seismic input motion incorporating the effects
of SSSI for design of the RWB. The applicant also is requested to include the method proposed
in the response for establishing the design response spectra for RWB together with the design
spectra input for RWB in the FSAR.

REVISED RESPONSE:

The original response to this RAI was submitted with STPNOC letter U7-C-STP-NRC-100035,
dated February 4, 2010 and committed to provide the resulting input motion from the
Soil-Structure Interaction (SSI) analysis for I/I design of the Radwaste Building (RWB) by
April 30, 2010. The following revised response provides this information and completely
supersedes the previous response. The revised portion of the response is marked with a revision
bar.

Attached Figures 3.7-40 through 3.7-42 provide the input motion at the foundation level for II/I
design of the RWB. These input motions were developed in accordance with the method
describedin response to RAI 03.07.02-11.
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Previous COLA Section 3.7.3.16 revision provided in response to RAI 03.07.03-1 regarding the
determination of the input motion for the Control Building Annex (see letter
U7-C-STP-NRC-090136, dated September 15, 2009) will be supplemented as shown below:

3.7.3.16 Analysis Procedure for Non-Seismic Structures in Lieu of Dynamic Analysis

Add the following paragraph at the end of this section.

For the--Radwaste Building (RWB), the SSE' input (se -e Figures 3.7-4)40 .throu:gh
!3.7-42) at the foundation level is the envelope of 0.3g RG 1. 60 response spectrum
and 'the induced .acceleration response spectrum due to site-specific SSE that•is
determined from.an.SSI analysis which accounts for the impact fthe nearb
Reactor Building,(RB). In this SSI analysis, five interaction nodes at the depith
corresponding to thebottomelevation ofthe RWB'foundation are addedto thethree
'dimensional SSI model' of the RB. These five interaction nodes correspond to the-
!our corners and .the center -ofthe RWB foundation. The average response of these
five interaction nodes is enveloped with the .0.3gRG 1:60 MSpectra to determine the
,SSE input at the foundation level:
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ACCELERATION RESPONSE SPECTRA
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ACCELERATION RESPONSE SPECTRA
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ACCELERATION RESPONSE SPECTRA
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RAI 03.07.03-3, Revision 1

QUESTION:

(This is a follow-up question to RAI 03.07.03-1 (in eRAI 2928))

The applicant is requested to provide the results of the SSI analysis as described in the response
together with the seismic input motion for the Control Building Annex in the FSAR. The results
should include enveloped SSE input response spectra obtained for CBA foundation mat and
In-Structure Response Spectra at CB foundation mat.

REVISED RESPONSE:

The original response to this RAI was submitted with STPNOC letter U7-C-STP-NRC-090225,
dated December 16, 2009. The results reported in the original response have slightly changed
due to revised Soil-Structure Interaction (SSI) analysis. The following revised response provides
the revised results and completely supersedes the previous response. The revised portion of the
response is marked with a revision bar.

Attached Figures 3.7-38 and 3.7-39 are the resulting Safe Shutdown Earthquake (SSE) input
spectra at the foundation level of the Control Building Annex for 7% damping. Seven percent
damping spectrum is presented since it is consistent with the structural damping used for SSE.
These input spectra were determined as described in response to RAI 03.07.03-1 (see letter
U7-C-STP-NRC-090136, dated September 15, 2009, ML092610377). Attached Figures
RAI 03.07.03-3A and RAI 03.07.03-3B are the corresponding site-specific in-structure response
spectra at the top of the Control Building foundation mat.
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Figure RAI 03.07.03-3A: Horizontal In-Structure Response Spectrum at Top of Control Building
Mat (7% Damping)
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Figure RAI 03.07.03-3B: Vertical In-Structure Response Spectrum at Top of Control Building
Mat (7% Damping)



RAI 03.07.03-3, Revision 1 U7-C-STP-NRC-100093
Attachment 6

Page 4 of 6

Previous COLA Section 3.7.3.16 revision provided in response to RAI 03.07.03-1 will be
supplemented with Figures 3.7-38 and 3.7-39 as shown below:

3.7.3.16 Analysis Procedure for Non-Seismic Structures in Lieu of Dynamic Analysis

For the Control Building Annex (CBA), the SSE input at the foundation level
(Fiqures 3.7-38 and 3.7-391 is the envelop of 0.3g RG 1.60 response spectra and the
induced acceleration response spectra due to site-specific SSE that is determined
from an SSI analysis which accounts for the impact of the nearby Control Building
(CB). In this SSI analysis, five interaction nodes at the depth corresponding to the
bottom elevation of the CBA foundation are added to the three dimensional SSI
model of the CB. These five interaction nodes correspond to the four corners and
the center of the CBA foundation. The average response of these five interaction
nodes is enveloped with the 0.3g RG 1:60 spectra to determine the SSE input at the
CBA foundation level.
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RAI 03.08.04-19, Revisionl

QUESTION:

Follow-up to Question 03.08.04-5 (RAI 2965)

The applicant's response to Question 03.08.04-5 regarding placing a chemical agent on the
exposed concrete surface of the mudmat provides descriptive explanations of the waterproofing.
Per the SRP 3.8.5 guidance, the applicant needs to show that the foundation can transfer the
forces from the structure to soil with the proper factor of safety. Also, because a new material is
being used, the applicant needs to provide additional data on testing and other relevant
information to meet guidance of SRP 3.8.5. Therefore, the applicant is requested to provide the
following additional information, and update FSAR as appropriate:

(1) the specific material that will be used for the waterproof membrane; sufficient data showing
that the selected waterproofing will adequately protect the concrete foundations against
degradation from soil/groundwater conditions at the STP Units 3 and 4 site;

(2) the final thickness of the membrane based on the physical properties of the selected material;

(3) the application procedures for all aspects of the coating application including batch
qualification, surface preparation, application techniques, film thickness, cure time, and
repairs;

(4) tests demonstrating that the waterproofing requirements and the coefficient of friction
required to transfer seismic loads for STP Units 3 and 4 have been met;

(5) methods for testing that simulate field conditions to demonstrate that the minimum required
coefficient of friction is achieved by the structural concrete fill-waterproof membrane
structural interface; and documentation summarizing the basis for determining that the
material will meet the friction factor and waterproofing requirements;

(6) site-specific sliding evaluation for the Reactor Building and the Control Building to
demonstrate that the minimum coefficient of friction needed for maintaining the minimum
factor of safety against sliding is available at all sliding interfaces between the structures and
foundation soil; and,

(7) specification and properties of the structural concrete fill below the RB and CB foundations.
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REVISED RESPONSE:

The original response to this RAI, which was submitted with STPNOC letter
U7-C-STP-NRC-100036, dated February 10, 2010, committed to provide a confirmatory
evaluation that the minimum factor of safety against sliding is available at all sliding interfaces
between the Reactor and Control Buildings and foundation soil by April 30, 2010. This revised
response provides that information and completely supersedes the original response. The
portions of the original response which have been revised are marked with a revision bar.

(1) The material used for the waterproof membrane will be a two-coat color-coded Methyl
Methacrylate (MMA) resin, which is an elastomeric "spray-on" membrane. The physical
properties have been specifically designed to cope with the rigorous requirements of below
grade conditions.

(2) The final thickness of all coats of the waterproofing membrane will be a nominal 120 mils.

(3) The vendor for the waterproofing membrane materials has not been selected. The application
procedures for the coating application including batch qualification, surface preparation,
application techniques, film thickness, cure time, and repairs will be determined based on
manufacturer recommendations and the results of the qualification testing.

(4) As discussed in the response to RAI 03.08.04-5, the coefficient of friction will be determined
with a qualification program prior to procurement of the membrane material. The
qualification program will be developed to demonstrate that the selected material will meet
the waterproofing and friction requirements. The qualification program will include testing
to demonstrate that the waterproofing requirements and the coefficient of friction required to
transfer seismic loads for STP 3&4 have been met. Testing methods will simulate field
conditions to demonstrate that the minimum required coefficient of friction is achieved by
the structural concrete fill - waterproof membrane structural interface. A technical report
will document the basis for determining that the material will meet the required friction
factor and waterproofing requirements. An ITAAC is added to the COLA to document that
testing results comply with the required friction factor. The proposed ITAAC is provided at
the end of this response.

(5) The test program will be based on the test methods contained in ASTM Dl1894. The tests
will be performed with the expected range of normal compressive stresses. The coefficient of
friction, as defined in ASTM D 1894 is the ratio of the force required to move one surface
over another to the total force applied normal to those surfaces. The test fixture assembly will
be designed to obtain a series of shear / lateral forces and the corresponding applied normal
compressive loads. The test data will be generally represented by a best fit straight line
whose slope is the coefficient of friction. A proposed ITAAC is provided in the COLA
markup included with this response.

(6) The site-specific sliding evaluation for the Reactor Building (RB) and the Control Building
(CB) demonstrates that the minimum coefficient of friction needed for maintaining the
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minimum factor of safety against sliding is available at all sliding interfaces between the
structures and foundation soil.

The minimum coefficient of friction needed for maintaining the minimum factor of safety
against sliding is:

* Reactor Building 0.47
* Control Building 0.47

The soil capacity exceeds these values. In order to transfer the loadings from the foundation
to the soil, the loads must be transferred from the reinforced concrete foundation through the
structural concrete fill to soil.

For the concrete interfaces, ACI 349-97, Section 11.7.4.3 specifies the coefficient of friction,
ji, for concrete placed against hardened concrete that is not intentionally roughened as 0.6.

The Final Safety Evaluation Report Relating to the Certification of the Advanced Boiling
Water Reactor Design, NUREG 1503, Main Report, Section 3.8.5 Foundations, pp 3-56 and
3-57) states, "...a layer of gravel will be placed on the excavated foundation surface for the
soil site ... before pouring concrete and placing the waterproofing material. The treated
foundation surface will increase the fiction between the structural foundation and the
supporting foundation surface. Therefore, the staff concludes that the treated foundation
surface will be capable to transfer the seismic shear loads."

The placement of a gravel layer on the excavated soil surface for STP Units 3 & 4, followed
by placement of the concrete fill on the gravel layer, will improve the friction between the
concrete fill and the supporting foundation soil. The wet structural concrete fill, when placed,
will surround 'aggregate particles at the gravel surface and also penetrate some distance into
the gravel layer. The resulting interface between the hardened concrete and gravel will
feature penetration of the concrete into the gravel, and thus the shear resistance to sliding will
be governed by gravel to gravel strength (ýt equals 0.75-0.84 within the gravel layer) on a
plane below the concrete to gravel interface. Use of angular particle shapes in the gravel will
create intimate contact with the soil surface to assure that the shear resistance at the
underlying gravel to soil interface will be governed by the shear resistance of gravel or soil,
whichever is less.

Table RAI 03.08.04-19a below provides a summary of the coefficient of friction provided for
each of the sliding interfaces between the structures and foundation soil. At each sliding
interface, ýt provided is greater than ji required. ,
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Table RAI 03.08.04-19a

Upper Interface Lower Interface gi Provided Basis
Surface Surface

Bottom of Top of structural 0.6 ACI 349-97,
reinforced concrete fill Section 11.7.4.3
concrete structure

Structural Structural 0.6 Testing Program
concrete fill concrete fill at per items (4) and

waterproofing (5) described above
membrane

Structural Structural 0.6 ACI 349-97,
concrete fill concrete fill at a Section 11.7.4.3

construction joint

Structural Top of gravel > 0.6 Discussion above
concrete fill layer

Bottom of gravel Soil > the smaller of 0.6 Discussion above
layer or the shear

capacity of the soil

(7) The structural concrete fill below the RB and CB foundations will be comprised of
unreinforced normal weight concrete with a minimum compressive strength (fc) of 3000 psi.
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COLA will be revised as shown below as a result of this response:

1. COLA Part 2, Tier 2, Section 3.8.6.1 will be revised as follows:

3.8.6.1 Foundation Waterproofing

The following standard supplement addresses COL License Information Item 3.23.

Foundation waterproofing is done by placing a al agent on IeXPGbscddoncrtd

'surfar-e of the mudma waterproofing membrane near the to lvaino the oncrete fill.
The concrete foundation is poured directly onto the concrete mudmat remainder of the

oncrete fill is then poured on top of the waterproof ingmate i A. wteprof. emban..... ............................. . . . . ..... .... A w aterproof m em brane

that could degrade the ability of the foundation to transfer loads is not used.

ithe coefficient of friction of the waterproofing material-wVll be determined with a qualification
program prior to procurement of the membrane mateial. The quaiification program will b1
'developed to demonstrate that the selected material will meet the waterprof ing and friction"
require,•ents. The qualification program will include testing to demonstrate that the
waterproofing requirements and the coefficient of friction required to transfer ssmic loads
for STP 3&4 have been met.: Testing methods will simulate field conditions Yto demonstrate
that the minimum required coefficient of friction is achieved by ftll t-ruturalconcte fiIl
waterproof membrane structur~al interface. The' material will meet/the_ requiredfr~icton facto~r.

he test program w be based on'the test methods contained in ASTM D1 The testswil be performed with the expected range of normal compressivee stresses. The coefficient
of friction; as defined in ASTM D1 894 is the ratio of the force required to move one surface
ovyeranothert the total•force applied no-ral to-those surfaces. The test-fixture assembly

wvill be designed to obtain a -series of shear / l~ateral forces and the corresponding applied-
normal compressive loads. The test data will be generally reparescbew t strai.ght
line whoseýslope is theoýcoefficient of:friction.•
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2. COLA Part 9 will be revised to add the following site-specific ITAAC.

3.0 Site-Specific ITAAC

The reference ABWR DCD Tier 1, Chapter 4.0, "Interface Requirements," identifies
significant design provisions for interface between systems within the scope of the ABWR
standard design and other systems that are wholly or partially outside the scope of the
ABWR standard design. The interface requirements define the attributes and performance
characteristics that the out-of-scope (site-specific) portion, of the plant must have in order to
support the certified ABWR design.

The STP 3 & 4 site-specific systems that require ITAAC because they have a safety-related,
safety-significant, or risk significant function are listed below:

m Ultimate Heat Sink (UHS)
- Offsite Power System
- Makeup Water Preparation (MWP) System
- Reactor Service Water (RSW) System
a Communication System (See Section 4.0 - Emergency Planning ITAAC)
- Site Security (See Section 5.0 - Physical Security ITAAC)
m Circulating Water (CW) System
- Backfill under Category 1 Structures
m Breathing Air (BA) System

Waterproofing Mebr

jTable 3.0-13
,Waterproofing Membrane

Design Commitment Inspections, Tests, Acceptance~ Criteria
Analylses 1

[The friction coefficient to resist IType test ing will be performed A report exists and documents
sliding meets the required to determine the minimum that the wateproof system
friction coefficient to prevent 'oefficient of friction of the. ýmudmat-waterproofing-
liding. type of material used in the mudmat interface) has a

mudcmat-waterproofing 'coefficient of friction to
mud mat interface beneath the 'support the analysis against

Istructures'- Cgrbsm tofte t'Sin.


