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September 28, 2007

Subject: AP1000 COL Response to Requests for Additional Information (TR 85)

In support of Combined License application pre-application activities, Westinghouse is submitting
responses to the NRC requests for additional information (RAIs) on AP1000 Standard Combined License
Technical Report 85, APP-GW-GLR-044, Nuclear Island Basemat and Foundation. These RAI responses
are submitted as part of the NuStart Bellefonte COL Project (NRC Project Number 740). The information
included in the responses is generic and is expected to apply to all COL applications referencing the
AP 1000 Design Certification.

Responses are provided for RAI-TR85-SEB1-02 and RAI-TR85-SEB1-21, transmitted in an email from
Dave Jaffe to Sam Adams dated August 9, 2007. Responses have now been provided for nine of thirty-
nine total requests received to date for Technical Report 85. Responses to RAI-TR85-SEB 1-03, -09, -27,
and -38 were submitted under Westinghouse letter DCP/NRC1999 dated September 18, 2007. Responses
to RAI-TR85-SEB-01, -09, and -16 were submitted under Westinghouse letter DCP/NRC2002 dated
September 21, 2007.

Pursuant to 10 CFR 50.30(b), the responses to the requests for additional information on Technical
Report 85 are submitted as Enclosure 1 under the attached Oath of Affirmation.

Questions or requests for additional information related to the content and preparation of these responses
should be directed to Westinghouse. Please send copies of such questions or requests to the prospective
applicants for combined licenses referencing the AP1000 Design Certification. A representative for each
applicant is included on the cc: list of this letter.

Very truly yo 5

A Sterdis Manag'.rrer

Licensing and Customer Interface
Regulatory Affairs and Standardization '- 7\
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/Attachment

I. "Oath of Affirmation," dated September 28, 2007

/Enclosure

1. Responses to Requests for Additional Information on Technical Report No. 85
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ATTACHMENT I

UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

In the Matter of: )

NuStart Bellefonte COL Project )

NRC Project Number 740 )

APPLICATION FOR REVIEW OF
"AP 1000 GENERAL COMBINED LICENSE INFORMATION"

FOR COL APPLICATION PRE-APPLICATION REVIEW

W. E. Cummins, being duly sworn, states that he is Vice President, Regulatory Affairs & Standardization,
for Westinghouse Electric Company; that he is authorized on the part of said company to sign and file
with the Nuclear Regulatory Commission this document; that all statements made and matters set forth
therein are true and correct to the best of his knowledge, information and belief.

W. E. Cummins
Vice President
Regulatory Affairs & Standardization

Subscribed and sworn to
before me this d8Vday
of September 2007.

COMMONWEALTH OF PENNSYLVANIA
Notazd Seal

Patrcia S. Aston, Notary Public
Murrysvllie Boro, Westmoreland County
My Commisslon Expires July 11, 2011

Member, Pennsylvania Accoolation of Notaries

Notary Public
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Responses to Requests for Additional Information on Technical Report No. 85
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAI Response Number: RAI-TR85-SEB1-02
Revision: 0

Question:

In Section 2.2.1, the second paragraph (Page 7 of 83) states that for the AP600 basemat
analyses and design, the reactions on the side walls below grade were conservatively neglected
for calculating horizontal soil springs. Was this assumption also applied to the AP1000 basemat
and foundation analyses? If so, provide the technical basis which demonstrates that it is
conservative to neglect the reactions on the side walls below grade for calculating horizontal soil
*springs. Also, explain how the reactions on the side walls below grade were calculated and how
they were considered in the design of the foundation walls and basemat. Were passive soil
pressures on the side walls calculated and applied to the 3D ANSYS equivalent static nonlinear
analysis?

Westinghouse Response:

The vertical and horizontal soil springs are described in DCD Subsection 3.8.5.4.1 as follows:

The subgrade is modeled with one vertical spring and two horizontal springs at each
node of the basemat. The vertical springs act in compression only. The horizontal
springs are active when the vertical spring is closed and inactive when the vertical spring
lifts off. The analyses of the basemat accounted for the range of soil sites described in
Section 2.5. Horizontal bearing reactions on the side walls below grade are
conservatively neglected.

The assumption that "the reactions on the side walls below grade were conservatively neglected
for calculating horizontal soil springs" is made in both the AP600 and the AP1000 basemat
analysis.

The horizontal soil spring stiffness has only a minor effect on the basemat member forces.
Horizontal loads are resisted by the portion of the basemat that remains in contact with the soil
and generally puts the basemat in membrane compression. If forces are taken out by the side
soils as well as the foundation soils, the membrane compression forces would increase. This
would reduce the reinforcement demand in the basemat. Hence neglecting the load transfer into
the side soil is conservative in the design of the basemat reinforcement away from the edges.

RAI-TR85-SEB1-02
Page 1 of 2



AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Lateral earth pressure was applied on the side walls below grade in linear elastic analyses for
the following cases:

0

0

0

0

0

0

Ground water
At rest earth pressure
Static surcharge
Dynamic earth pressure
Dynamic surcharge
Passive earth pressure

Results of these analyses were used in design of the exterior walls and were also combined
with the results of the non-linear basemat analyses for design of the basemat reinforcement.
The design of the basemat close to the edge is affected by the moments at the base of the
exterior walls due to the lateral earth pressure.

Design Control Document (DCD) Revision:
None

PRA Revision:
None

Technical Report (TR) Revision:
None

O Westinghouse
RAI-TR85-SEBl-02
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAI Response Number: RAI-TR85-SEBl-21
Revision: 0

Question:

From the information provided in Section 2.6 and the referenced TR-03, Revision 0, the
description and figures of the 3D ANSYS equivalent static nonlinear finite element model, used
to evaluate the basemat and foundation walls, is not sufficient. Provide additional information
which should include: a description of what types of elements are used for the basemat,
foundation walls, nonlinear soil springs, CIS, upper basemat above the embedded containment
shell, containment shell and shield building; a cross-sectional view in the NS and EW directions
of the entire model and the foundation region showing the discretization of the elements; an
explanation of the connectivity of the various component structures (i.e., 3-D finite element
model of the CIS shown in Fig 3.7.2-2 to the containment shell model shown in DCD Fig. 3.8.2-
6 and/or basemat, containment shell model to the lower basemat model); and the foundation
attachment locations to the soil springs. All information should be provided for the current
models and should not make reference to prior models used for the AP600 or AP1 000 hard rock
designs. If brick elements are used for the basemat and foundation walls, discuss the basis for
selecting the number of elements through the thickness of the elements and how were member
forces determined from a series of brick elements through the thickness of a given section. If
shell elements are used, discuss the adequacy of the shell elements to capture thick element
behavior. If shell elements are connected to brick elements, explain how the rotational
connectivity is achieved.

Westinghouse Response:

The 3D ANSYS equivalent static nonlinear finite element model, used to evaluate the basemat
and foundation walls, is the N105 model described in DCD Rev 16 Appendix 3G, subsection
3G.2.3. This information was moved from DCD subsection 3.7.2 to Appendix 3G in Rev 16. This
description will be added to Section 2.6 of the technical report as shown below. Additional detail
is also incorporated to address the information requested in this RAI.

Design Control Document (DCD) Revision:
None

PRA Revision:
None

RAI-TR85-SEBl-21
Page 1 of 7



AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Technical Report (TR) Revision:

Revise section 2.6 to read as follows:

2.6 Nuclear island basemat design

The design of the nuclear island basemat is described in the basemat design summary report prepared in
accordance with the guidelines of Standard Review Plan 3.8.4. The design is based on the worst
combination of seismic loads and soil properties. Non-linear equivalent static analyses are performed
which consider lift off of the basemat from the soil. The analyses use the detailed model of the nuclear
island (NI05) shown in Figures 2.6-1, 2.6-2 and 2.6-2 (a) thru (d). The soft-to-medium soil case is
considered as described in section 2.4.1. These analyses are similar to those described in section 2.2.1 for
the AP600 and in section 2.3.1 for the AP1000 on hard rock. The equivalent static loads are developed
from accelerations given by time history analyses of the nuclear island on hard rock and soil sites. No
credit is taken in these analyses for the effect of side soils.

The 3D ANSYS equivalent static nonlinear finite element model, used to evaluate the basemat and
foundation walls, is the NI05 model described in DCD Rev 16 Appendix 3G, subsection 3G.2.3. The
NI05 model is a large solid-shell finite element model of the AP1000 nuclear island which combines the
ASB solid-shell model described in DCD subsection 3G.2. 1.1, and the CIS solid-shell model described in
DCD subsection 3G.2.1.2. Dead and seismic loads from the containment vessel and polar crane are
applied as loads at elevation 100'. The nominal element size in the ASB portion of this NI05 model is
about 4.5 feet so that each wall has four elements for the wall height of about 18 feet between floors.
Views of this model are provided in Figures 2.6-1, 2.6-2 and 2.6-2 (a) thru (d).

The nuclear island is modeled using the following shell, solid and spring elements:

* Basemat (6 foot thick portion): SHELL43 elements
* Basemat (DISH): SOLID45 elements
* Containment internal basemat (mass concrete): SOLID45 elements
* Auxiliary building walls and floors: SHELL43 elements
* Containment internal structure walls and floors: SHELL43 elements
* containment shell: SHELL43 elements
* shield building: SHELL43 elements
" Linear springs at CV interface: COMBIN 14 elements
* Nonlinear soil springs: COMBIN37 elements

The basemat below the containment vessel (DISH) is modeled with solid elements. There are three
elements through the thickness as shown in Figures 2.6-2 (a) and (b). Member forces across a section
through the solid elements are calculated along a path using the PATH stress function of ANSYS. The
accuracy of member forces using three solid elements was confirmed by comparison of results to those
from a shell model.

RAI-TR85-SEBl -21
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Soil Spring elements (COMBIN37) are attached on each node on the underside of the basemat. For the 6'
thick basemat, the nodes are on the center of the 6' thick basemat shell elements (elevation is EL63'-6" at
the center of the 6' thick basemat). For the central basemat (DISH), the nodes are on the bottom of the
solid elements (elevation is EL60'-6"). At each node three COMBIN37 springs are attached for NS, EW
and vertical directions respectively.

The connection of the ASB portion of the model to the DISH representing the mass concrete below the
containment vessel is shown in Figure 2.6-2 (c). The solid model extends to the midplane of the
cylindrical wall (radius of 71 feet). The shell elements of the shield building cylindrical wall extend down
to the underside of the basemat at elevation 60'- 6". The vertical shell elements have a thickness of 1.5
feet (half the thickness of the wall above) in areas where the shell element forms the surface of the solid
elements of the mass concrete. Shell elements from the auxiliary building including the basemat connect
to the vertical shell elements which in turn are connected to the solid elements, thus providing rotational
continuity.

Figure 2.6-2 (d) shows the locations of nodes on the DISH which interface with the containment vessel
shell and the containment internal structure basemat. The bottom head of the containment vessel is
modeled by shell elements to permit analyses for containment pressure. Coincident nodes are provided for
the DISH, the containment vessel and the containment internal structure basemat. The boundary between
the CV and CIS, and the boundary without studs between the CV and DISH are modeled with linear
spring elements (COMBIN 14) normal to the boundary to transmit normal forces only. The boundary with
studs between the CV and DISH is modeled with linear spring elements (COMBIN 14) normal and
parallel to the boundary. In each analysis the spring forces in the normal spring elements are checked for
lift off and spring elements are eliminated if liftoff occurs.

O Westinghouse
RAI-TR85-SEB1-21
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)
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NI05 model with Kvt520 Soil Springs (Cut View from East)

Figure 2.6-2 (a) Section View of N105 Model from East

O Westinghouse
RAI-TR85-SEBl-21
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)
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NI05 model with Kvt520 Soil Springs (Cut View from North)

Figure 2.6-2 (b) Section View of N105 Model from North

*Westinghouse
RAI-TR85-SEB1-21
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)
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Figure 2.6-2 (c) Typical Connection of Auxiliary Building to Dish

GWestinghouse
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Figure 2.6-2 (d) Connection Nodes between Containment vessel and DISH

O Westinghouse
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