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Amendment Application (Docket No. 52-006). The information included in this response is generic and
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Enclosure 1 provides the response for the following RAI(s):
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Very truly yours,

%, Lgpeen /PR
Robert Sisk, Manager

Licensing and Customer Interface
Regulatory Affairs and Standardization

/Enclosure

1.  Response to Request for Additional Information on Technical Report No. 85

0197ljb.doc W



CC:

D. Jaffe

E. McKenna
B. Gleaves
T. Spink

P. Hastings
R. Kitchen
A. Monroe
P. Jacobs

C. Pierce

E. Schmiech
G. Zinke

R. Grumbir
D. Lindgren

0197ljb.doc

U.S.NRC
U.S.NRC
U.S.NRC

TVA

Duke Power
Progress Energy
SCANA

Florida Power & Light
Southern Company
Westinghouse
NuStart/Entergy
NuStart
Westinghouse

1E
1E
1E
1E
1E
1E
1E
1E
1E
1E
1E
1E
1E

DCP_NRC 002539

June 23, 2009
Page 2 of 2



DCP_NRC 002539
June 23, 2009

ENCLOSURE 1

Response to Request for Additional Information on Technical Report No. 85

01971jb.doc



AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAIl Response Number: RAI-TR85-SEB1-32'
Revision: 2

Question:

As shown by the studies in Section 2.7.1.2.1, when the soil is represented as solid elements
rather than Winkler soil springs, higher bearing pressures occur at the edges and lower bearing
pressures away from the edges. This is referred to as the effects of the Boussinesq distribution.
Although this indicates that the basemat slab away from the walls would have higher bearing
pressures using the Winkler soil spring approach (see Figure 2.7-2), the calculation of the
maximum bearing pressure would still exist at the building edges if the soil is modeled as solid
elements. Therefore, explain why the maximum bearing pressure for the AP1000 design,
discussed in Section 2.4.2, should be based on the 2D ANSYS nonlinear dynamlc analysis
using Winkler soil springs rather than solid soil elements?

Additional Request (Revision 1):

The staff reviewed the RAI response submitted in Westinghouse letter dated March 31, 2008,
and notes that the outstanding issues raised by this RAI are considered to be very significant.
The RAI response states that the DCD “revision now indicates the line of lift-off, thereby defining
the maximum total load applied to the foundation at the time of maximum demand...the dynamic
bearing capacity is related to the overall loading on the foundation and to the shear strength
mobilized over a failure surface in the foundation soils. The local maximum values close to the
edge are not significant to this capacity and will redistribute if local stresses in the soil are
excessive. This total load rather than a peak stress below an edge is to be considered by the
Combined License applicant in demonstrating stability of the foundation material.”
Westinghouse is requested to address the following: :

1. The above statements are not consistent with the criteria in the DCD because the statements
indicate that the total load is used by the Combined License applicant to demonstrate the
adequacy of the soil whereas, the DCD requires comparison of the maximum bearing pressure
demand to bearing pressure capacity (e.g., DCD Tier 2, Section 2.5.4.2 and DCD Tier 1,
Chapter 5.). Explain this inconsistency.

2. As noted in the original RAI, the studies in Section 2.7.1.2.1 demonstrate that when the soil
is represented as solid elements, higher bearing pressures occur at the edges than when
uniform Winkler type soil springs are used. This is a well known behavior in soil mechanics and
is referred to as the Boussinesq effect. Since the current dynamic soil bearing pressure demand
criterion of 35 ksf is still based on the 2D ANSYS stick model analysis, Westinghouse is
requested to either (1) justify the statement that the localized peak soil pressures will
redistribute if local stresses in the soil are excessive and the NI will still be stable or (2) explain
what is the technical basis for using a uniform soil spring representation rather than soil brick
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Inforrﬁa_tion (RAI)

finite element or a soil spring distribution which more accurately captures the actual pressure
distribution beneath the basemat.

3. The proposed revision to DCD Section 2.5.4.2 - Bearing Capacity, states that the “The
maximum demand of 35 ksf occurs under the west edge of the shield building and is primarily
due to the response to the east-west component of the earthquake. The east edge of the
nuclear island lifts off the soil. The Combined License applicant will verify that the site specific
allowable soil bearing capacities for static and dynamic loads at the site will exceed this
demand. The evaluation may be limited to response in the east-west direction since the bearing
demand is lower in the north-south direction.” Explain what is meant by the statement that an
“evaluation” may be limited to response in the east-west direction, because no “evaluation” or
analysis to be performed by the applicant can be located in the DCD; instead the allowable soil
bearing capacity needs to be shown to be greater than the bearing demand under static and
dynamic loads.

Additional Request (Revision 2):
(Follow-up RAls dated 4/27/09)

The RAI response indicates that the seismic analysis for determining the soil bearing pressure
demand has been revised to utilize the SASSI 3D finite element NI20 model using a seismic
time history soil-structure interaction analysis. This analysis was performed for the hard rock
case and five soil conditions. The model includes a surrounding layer of excavated soil and the
existing soil media. The soil media in SASSI is an idealization of the various horizontal soil
layers. This representation of the soil in SASSI is considered to be more realistic and accurate
than the uniform Winkler type soil sprinds used in the 2D ANSYS analyses, and thus addresses
the concern regarding the calculation of soil bearing pressure demand. However, for the design
of the basemat, Westinghouse has not demonstrated that its use of uniform Winkler type soil
springs is adequate. As noted in the prior RAl, due to the Boussinesq effect in soil, the
distribution of stiffness would be higher at the edges and lower away from the edges. Therefore,
Westinghouse is requested to demonstrate that the use of the uniform soil springs for the design
of the foundation is acceptable, when it is known that the actual distribution of the soil stiffness
would not be uniform. ‘

Westinghouse Response:

Subsection 2.5.4.2 is being revised to clarify the maximum bearing pressure of 35 ksf, as stated
in the DCD, it is obtained from analyses using uniform soil springs. The revision now indicates
the line of lift off, thereby defining the maximum total load applied to the foundation at the time
of maximum demand. Unlike the static case, where the allowable bearing capacity is controlled
by settlements, the dynamic bearing capacity is related to the overall loading on the foundation
and to the shear strength mobilized over a failure surface in the foundation soils. The local
maximum values close to the edge are not significant to this capacity and will redistribute if local
stresses in the soil are excessive. This total load rather than a peak stress below an edge is to
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

be considered by the Combined License applicant in demonstraﬁng stability of the foundation
material.

Various analyses described in the report investigate the effect of modeling the soil with uniform
spring and solid element representations. Comparisons are made in linear analyses using
SASSI| and ANSYS. Comparisons are made in ANSYS linear and non-linear analyses to show
the effect of lift off. The analyses show small differences in the distribution of the bearing
pressures but good agreement in the total loads imposed on the foundation material. The small
differences in distribution (the Boussinesq effect) are not significant to the evaluation of the
stability of the foundation material.

Westinghouse Response (Revision 1):

The maximum seismic bearing pressure demand defined for comparison to the subgrade
pressure capacity is consistent with the DCD. See RAI-TR85- SEB1 -03, Rev. 1 for dlscussmn of
the 35 ksf maximum bearing seismic demand.

In response to the many questions in this and other RAls, Westinghouse has revised the basis
for the bearing demand. The demand is now based on 3D SASSI analyses using the 3D NI20
finite element model as described in the response to RAI-TR85-SEB1-03, Rev 1. This change to
use of the 3D SASSI results addresses the original question in this RAI. The additional
questions in Rev 1 of this RAI apply to the Rev 0 response which has now been superseded.

The statement in the DCD Section 2.5.4.2, “The evaluation may be limited to response in the |
east-west direction since the bearing demand is lower in the north-south direction” has been
removed. See DCD revision section below.

Westinghouse Response (Revision 2):

Table RAI-TR85-SEB1-32-1 shows the summary of the maximum reactions of the nuclear
island for various soil and analysis methods. The results from Table 2.4-5 of the technical
report, APP-GW-GLR-044, R1 (TR85), are shown for Item 1. Two other sources are contained
in the table as comparison. The results of the linear analyses show consistent results
demonstrating that the equivalent static analyses of the basemat result in bearing pressures
similar to a more realistic model represented in the 3D SASSI analyses presented in Table 2.4-
5. :

Section 2.7.1 of the technical report describes studies performed to evaluate the effect of
different soil modeling. These studies analyzed a 3D finite element model of the complete
nuclear island on soil finite elements or soil springs. Additional comparisons are provided in this
response for the following soil models:

o Winkler soil springs of 520 kcf similar to the design analyses of the basemat (Model W)
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

e Finite element model of 80-foot deep soil layer below the nuclear island. The propertles
for this soil were selected to match the 520 kcf soil (Mode! LO80).

Figure RAI-TR85-SEB1-32-1 shows bearing pressures due to dead load. The sections are
located as shown in Figure 2.7-2 of the technical report. The RAI figure only shows the two
cases identified above. The finite element soil model shows high local bearing pressures close
to the edge. This is due to the Boussinesq effect. The higher pressures at the edge result in
lower pressures away from the edge. Figures RAI-TR85-SEB1-32-2 and 3 show bending
moment contours MX and MY for these two cases. It is seen that the bending moments for the
soil spring case are higher than those for the soil finite element model even in the bays
immediately adjacent to the edge. :

Section 2.7.2 of the technical report describes an additional study performed to evaluate the
basemat soil interaction. The north-west corner of the AP1000 shown in Figure RAI-TR85-
SEB1-32-4 was modeled and analyzed in two dimensions using the non-linear VECTOR2
structural analysis program. The model of the basemat and soil is shown in Figure RAI-TR85-
SEB1-32-5. The model of the basemat is 20269.2 mm (66.5’) long, simulating 3 bays of 18’ and
2 bay of 25, and 1828.8 mm (6’) high. The element size is 152.4 mm (6”) x 304.8 mm (12") for
the first 55’ and 152.4 mm (6”) x 292.1 mm (11.5”) for the last 11.5’. The total number of nodes
and elements for the basemat is 884 and 804, respectively. The model of the soil is 23104.8
mm (75.8" depth) and 61069.2 mm (200.3"). The soil model extends almost twice the soil depth
beyond the end of the basemat. The total number of nodes.and elements for the soil is 4794
and 4642, respectively. The soil properties are chosen to give the same vertical displacement of
the nuclear.island under dead load as the 520 kcf soil springs. X-direction is horizontal and Y is
vertical. The nodes on the last column are restrained in the X-direction to simulate symmetry.
The VECTOR? program considers cracking of the concrete and non-linear behavior of the
reinforcement. Structural response is calculated up to failure for monotonically applied vertical
displacement of the shear walls. Contact pressures on the soil are shown in Figure RAI-TR85-
SEB1-32-6 (Figure 2.7-10, TR85) as a function of the applied displacement. They indicate
substantial Boussinesq effect with high bearing pressures below the edge of the basemat. The
analyses showed significant redistribution of soil bearing pressures as the load increased. The
basemat withstood loading about three and a half times the design loads with final failure

" occurring in shear close fo the exterior wall.

The studies documented in section 2.7 of the technical report and summarized above show the
Boussinesq effect in rock and soil with an effective stiffness that is higher at the edges and
lower away from the edges. This distribution is presented on Figure RAI-TR85-SEB1-32-7. The
influence values represent the effect of the contact on a half space beneath a rigid circular
footing. The Boussinesq equation does not account for the influence of the basemat's
embedment depth of 39.5 feet which would increase the bearing capacity of the foundation.
Because of the basemat dimensions.(plan and thickness), the foundation would be considered
flexible. The studies demonstrate that the use of uniform Winkler type soil springs is adequate
“for a flexible mat foundation. -
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"AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Table RAI-TR85-SEB1-32-1

Maximum Basemat Bearing Pressure (Summary)

Foundation Conditions

* 38.3 ksf was the maximum localized peak calculated; a limit of 35 ksf for maximum bearing

seismic demand is obtained by averaging the soil pressure about the West edge of the shield

building where the maximum stress occurs.

No. Method of Analysis HR | FR | sR [uBsM| sM | ss
_ | ] (ks | (ksf) | (ksP | (ksf) | (ksh) | (ksf)
1 | 3D SASSI. Ni20 Model, TH + vertical earthquake | 35.0 % | 27.9 | 240 | 257 | 231 | 219
2 | 2D SASSL. ni2D model 201 | 240 | 245 | 274 | 302 | 202
3 | 2D Time History, ni2D model: Linear 328 | NA | NA | 317 | 308 | NA
] - Lift off 349 | NA | NA | 335 | 322 | NA
Notes:

@ WestinghouSe

RAI-TR85-SEB1-32, Rev. 2
Page 5 of 13
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Response to Request For Additional Information (RAI)

45 Compressive Stress (Ksf) Section-A
25 —o— Model-L080 /0

20 —a— Model-W /

15 A

P S Y

910 920 930 940 950 960 970 980 990 1000 1010
Location in Y direction (ft)

- Compressive Stress (Ksf) Section-B
70 4 £
—o— Model-L080 I
60 4 {
ok TP
40 | el |
30 jl
20
10 W
0 + + ; ; + ; ; -
910 930 950 970 990 1010 1030 1050 1070 1090
Location in Y direction (ft)
o8 Compressive Stress (Ksf) Section-C
20 —o— Model-L080 f
15 q\ —s— Model-W /
10

0 t + t t +
910 930 950 970 990 1010 1030
Location in Y direction (ft)
Compressive Stress (Ksf) Section-D
20 K —o— Model-L080
15 —a— Model-W ?
10 +
5 4
0 - - -
850 900 950 1000 1050 1100 1150

Location in X direction (ft)

Figure RAI-TR85-SEB1-32-1
Comparison of Vertical Stress at Basemat Bottom Node — No embedment
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

AP1000 nuclear island model-W, MX in 6ft basemat

~120 B 40 200

Contour level (kips ft /ft)

AP1000 nuclear island model-L080, MX in 6ft basemat

Figure RAI-TR85-SEB1-32-2 Bending Moment MX for Model-W and Model-L080

RAI-TR85-SEB1-32, Rev. 2
" Page 7 of 13
Wesnnghouse




AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

AP1000 nuclear 1island model-W, MY in ¢ft basemat

-120 40 200

Contour level (kips ft /ft)

AP1000 nuclear island model-1080, MY in 6ft basemat

Figure RAI-TR85-SEB1-32-3 Bending Moment MY for Model-W and Model-L080
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Response to Request For Additional Information (RAI)
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Figure RAI-TR85-SEB1-32-4

Cross section through north end of auxiliary building looking south

Figure RAI-TR85-SEB1-32-5

Vector2 model looking north with Soil Elements
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Response to Request For Additional Information (RAI)

Contact pressure

250

200 \
—0.5in

150 —1in
E 12in
2 s 1,50
g_ —21in
g 50
3

Distance from left corner (mm)

Figure RAI-TR85-SEB1-32-6
Contact Stresses along Mat for Half Space
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Boussinesq Influence Values for Contact Pressure

10.00 -
9.00 -

8.00 —e— Influence Values
7.00 -

6.00 -

5.00 -
4.00 -

3.00 -
2.00

Influence Factor, | (dimensionless)

1.00 -

0.00 — ’ Frrefirt ‘ e ;
00 041 0.2 03 04 05 06 07 08 09 10

n (dimensionless)

Notes:
Area (sf) = 32,480 (for NI footprint)

r (ft) = 101.68 (r for equivalent area)
If n = 0.0 is the center of the area (r = 0.0 ft)
then n = 1.0 at the perimeter (r = 101.68 ft),

Boussinesq Method (rigid circular footing)
Qo = Footing Contact Pressure
P = Foundation Load, A = Footing Area
Qo =(P/A)x(1/2x(1-n)°)
with | = 1
2 (1-n)5‘5

Figure RAI-TR85-SEB1-32-7
Boussinesq Influence Values for Footing Contact Pressure
(rigid circular footing at ground surface, for half space)

RAI-TR85-SEB1-32, Rev. 2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAl)

Design Control Document (DCD) Revision:

The changes to the DCD shown in Rev 0 of this RAI response have been implemented in DCD
Rev 17. Revise first paragraph of DCD Rev 17 subsection 2.5.4.2 as follows:

2.54.2 Bearing Capacity

The maximum bearing reaction determined from the 3D SASSI analyses described in Appendix 3G is less
than 35, OOO lb/ft2 under all combined loads, including the safe shutdown earthquake. Fhese-analyses-use

- The maximum dynamic bearing demand of 35 ksf occurs under
the west edge of the shield building and is primarily due to the response to the east-west component of the
earthquake. The east edge of the nuclear island lifts off the soil. The Combined License applicant will
verify that the site-specific allowable soil bearing capacities for static and dynamic loads at the site will

exceed the static and dynarmc bearlng demand glven in Table 2-1. Ihe—eva&ua&eﬂ—maybe—kmﬁeé—te

PRA Revision:

None

Technical Report (TR) Revision:

Revise Tables 2.6-2 (b), 2.6-2 (c) and 2.6-4 as shown below:
Table 2.6-2 (b), revise footnote 2 as follows:

2. Equivalent static results are shown for the response from one direction, (i.e FX and MYY due to

X input, FY and MXX due to Y input, and FZ due to Z input. The increase due to combination of

three directions is small.
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional information (RAI)

Table 2.6-2(c)

Maximum soil bearing pressures (ksf) at corners from basemat reactions

Equivalent static accelerations Fixed base time history
Location Linear analyses all soils
West side of shield building 36.8 36.9
NW corner of auxiliary building 27.1 : 24.8
NE corner of auxiliary building 22.8 ‘ 25.5
SE corner of auxiliary building 21.1 , 25.1
SW comer of auxiliary building 29.6 27.1

Table 2.6-4, revise footnotes as follows:

Note 1: See Figures 2.6-9 and 2.6-10 for plan and elevation schematic views of the reinfbrcement

layout.
Note 2: Figures 6-1 and 6-2 in APP-1010-CCC-004, Rev.0_provide graphical presentation of the

“Required” (red dash line) and “Provided” (solid black line) areas of radial reinforcement for the top

face of the Dish.

RAI-TR85-SEB1-32, Rev. 2
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