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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

I Al Response Number: RAI-TR03-037

Revision: 0

Question:

10 CFR Part 50, Appendix A, GDC 2 requires, in part, that SSCs important to safety be designed to
withstand the effects of natural phenomena such as earthquakes without loss of capability to perform their
intended safety functions. Applicable guidance for implementation of and achieving compliance with the
requirements set forth in GDC 2 is provided in Regulatory Guides 1.60 and 1.61. Regulatory Guide 1.60
provides a procedure that is acceptable to the staff for defining ground response spectra for input into the
seismic design/analysis of nuclear power plants.

In TR-03, Revision 4, Section 4.4.1.2, the applicant added a new soil case for the deep soil site, and
indicated that the deep soil site profile uses a unique input time history that is only used to develop in-
structure design response spectra. The staff is unclear about how applicant would include this case as
part of the seismic design basis. In TR-03, the deep soil site is not fully characterized nor is it clear
regarding how the SSI analysis was performed using the CSDRS as the ground motion input. Therefore,
the staff requests the applicant to provide a detailed description of the deep soil site condition, and
provide the SSI results and justification for its application to the AP1000 design response spectra
(CSDRS).

Westinghouse Response:

The deep soil site is removed from Technical Report (TR-03). If applicable, a deep soil site will be
considered within a COL application. The changes to TR-03 are identified in the Technical Report (TR)
Revision sections below. In DCD subsection 3G.4.3.3, a sentence is added to recognize that the design
seismic response spectrum is conservatively adjusted in the low frequency range.

During the audit of Week June 14, 2010 the NRC provided suggested editorial comments to be included
in the next revision to Technical Report (TR03). These comments are given in the section Technical
Report (TR03) Revision below and the DCD that are given in Appendix E (DCD Appendix 3G).

References:

None.

Design Control Document (DCD) Revision:

The following sentence is added at the end of subsection 3G.4.3.3:

"The design seismic response spectra are conservatively adjusted in the low frequency range in
anticipation of future sites having slightly higher response at the lower frequency."

See Technical Report (TR) Revision below for Appendix E.

PRA Revision:

RAI-TR03-037
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

None.

Technical Report (TR) Revision:

In the next revision of TR-03 (Rev. 5) the following changes will be made to remove the deep soil site:

* Remove deep soil case from Table 4.2.6-1:

Table 4.2.6-1- Summary of Models and Analysis Methods

3D shell model of Time history SASSI Performed for the -"ixfive soil profiles of firm
auxiliary and shield analysis rock, soft rock, upper bound soft to medium
building and soil, soft to medium soil, deep re4 and soft
containment internal soil.
structures [N120] To develop time histories for generating plant
(including steel design floor response spectra for nuclear
containment vessel, island structures.
polar crane, RCL, To obtain maximum absolute nodal
and pressurizer). accelerations (ZPA) to be used in equivalent

static analyses
To obtain maximum displacements relative to
basemat.
To obtain SSE bearing pressures for all
generic soil cases.
To obtain maximum member forces and
moments in selected elements for
comparison to equivalent static results.

* Remove last paragraph in Section 4.4.1.2.
In a4ddition to those rx cases68, WestiNnghouse has established ;a reventh case for the deep 6oil site; The
deep coil cite prfile uses auie Np4 ti~me history for the responSe spectra an~alysis and will only be
used to do;velop the desig' esos specta. The prope~ties of the deep soeil rite are given in Table
4.4.1 3, sheet 6 of 6.

" Remove sheet 6 of 6 from Table 4.4.1-3.

* The deep soil case is removed from the first paragraph of Section 4.4.2:

The SASSI Soil-Structure Interaction analyses are performed based on the Nuclear Island 3D
SASSI-Model for the three soil conditions established from the AP1 000 2D SASSI analyses, in
addition to soft rock, and soft soil addeep-sel. These soil conditions are firm rock, upper bound
soft-to-medium soil, and soft-to-medium soil. The model includes a surrounding layer of
excavated soil and the existing soil media. Acceleration time histories and floor response spectra

RAI-TR03-037
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Response to Request For Additional Information (RAI)

are obtained. Adjacent structures have a negligible effect on the Nuclear Island structures and
thus are not considered in the 3D SASSI analyses.

* The following changes are made in Section 6.2.

o Remove the deep soil case:

The seismic acceleration obtained from the time history analyses of the hard rock and
soil cases (firm rock, soft rock, upper bound soft to medium, soft to medium and soft soil
and eep-sei) are given in Figures 6.2-1 to 6.2-4.

o Remove deep soil case (DS) from Figures 6.2-1 to 6.2-4.

* Remove Deep Soil case from first paragraph of Section 6.4:

The input spectra are envelopes of the design ground motion spectra (Figures 2.1-1 and 2.1-2)
which are applicable for hard rock, and of the basemat response spectra for 6-5 soil types (Firm
Rock, Soft Rock, Upper Bound Soft to Medium, Soft to Medium,-Deep-Se4 and Soft Soil) obtained
from SASSI analyses. The soil input spectra is the envelope of the center, edge, and corner
nodes of the ASB basemat at elevation 60.5'. The nodes enveloped are shown in Figure 6.4-1.
The input spectra are applied at the Nuclear Island basemat.

* Remove note on Figure D-1:

Figure D-1 - 2D SASSI FRS Comparison Node 41 X (ASB El. 99')
Note :. Deep Soil not included in Figures D I through D 10

* Appendix E - In Table 3G.1-1 of Appendix 3G remove the additional soil case:

Table 3G.1-1 (Sheet 2 of 4)

SUMMARY OF MODELS AND ANALYSIS METHODS

Model Analysis Program Type of Dynamic
Method Response/Purpose

3D finite element Time history SASSI Performed for the e,*-five soil profiles of
coarse shell model analysis firm rock, soft rock, upper bound soft to
of auxiliary and medium soil, soft to medium soil,-deep so
shield building and and soft soil.
containment internal To develop time histories for generating
structures [N120] plant design floor response spectra for
(including steel nuclear island structures.
containment vessel, To obtain maximum absolute nodal
polar crane, RCL, accelerations (ZPA) to be used in

OWestinghouse
RAI-TR03-037
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Response to Request For Additional Information (RAI)

and pressurizer) equivalent static analyses.

To obtain maximum displacements relative
to basemat.

To obtain SSE bearing pressures for all
generic soil cases.

To obtain maximum member forces and
moments in selected elements for
comparison to equivalent static results.

* Appendix E - At the end of DCD Appendix 3G Section 3G.3 remove the additional soil case:

Based on review of the above results, five soil conditions were selected for 3D SASSI analyses in
addition to the hard rock condition evaluated in the existing AP1000 Design Certification. Thus,
the following five soil and rock cases identified in subsection 3.7.1.4 are considered: hard rock,
firm rock, soft rock, soft-to-medium soil, upper bound soft-to-medium, and soft soil. In addition to
the six ciOte cses, a seVenth cARe WAS esFta;blisheqd for the deep soil site. The deop soil site prfie
u"e unqu inpu.t time history for the response spectra analysis and Will be only use8d to develop
the design response spectra.-

Appendix E - In the first paragraph of DCD Appendix 3G Section 3G.4.2 remove the
additional soil case:

... These soil conditions are firm rock, soft rock, soft-to-medium soil, upper bound soft-to-medium7

deep-seit and soft soil. The model includes a surrounding layer of excavated soil and the existing
soil media as shown in Figures 3G.4-3 and 3G.4-4. Acceleration time histories and floor response
spectra are obtained. Adjacent structures have a negligible effect on the nuclear island structures
and, thus, are not considered in the 3D SASSI analyses.

Appendix E - In the note to Figure 3G.3-1of DCD Appendix 3G remove the Deep soil

case:

Note: Fixed base analyses were performed for hard rock sites. These analyses are applicable for
shear wave velocity greater than 8000 feet per second. Doep 6oil not ncluded in FigurFes 3G.3 1
thAtmagh E Rs.

Appendix E - Remove the deep soil case from Figures 3G.4-5X to 3G.4-10Z as shown below:

OGWestinghouse
RAI-TR03-037
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FRS Comparison X Direction
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Figure 3G.4-5X:X Direction FRS for Node 130401 (NIl0) or 1761 (N120)
CIS at Reactor Vessel Support Elevation of 100'
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FRS Comparison Y Direction
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Figure 3G.4-5Y: Y Direction FRS for Node 130401 (NIl0) or 1761 (N120)
CIS at Reactor Vessel Support Elevation of 100'
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FRS Comparison Z Direction
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Figure 3G.4-5Z: Z Direction FRS for Node 130401 (NIlO) or 1761 (N120)
CIS at Reactor Vessel Support Elevation of 100'
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Figure 3G.4-6X: X Direction FRS for Node 105772 (NIl0) or 2199 (N120)
CIS at Operating Deck Elevation 134.25'
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FRS Comparison Y Direction

C

'U
S
S
U
U

-ssienv 2199
-nil0r6-cis 105772
- - - ni20rFR 2199

- - - ni20rSR 2199

ni20rUBSM 2199
..- ni20rSM 2199

ni20rSS 2199

1 10

Frequency (Hz)

100

Figure 3G.4-6Y: Y Direction FRS for Node 105772 (NIl0) or 2199 (N120)
CIS at Operating Deck Elevation 134.25'

O Westinghouse
RAI-TR03-037

Page 9 of 28



AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

FRS Comparison Z Direction
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FRS Comparison X Direction
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O )Westinghouse
RAI-TR03-037
Page 11 of 28



AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

FRS Comparison Y Direction
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FRS Comparison X Direction
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FRS Comparison X Direction
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FRS Comparison X Direction
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FRS Comparison Y Direction
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FRS Comparison Z Direction
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The following editorial comments will be made in the next revision to technical report TR03:

1. Change the heading for Figures 4.2.3-3 and 4.2.3-4 to the following:
Figure 4.2.3-3 - Massless Shell Elements at Elevation 100'
Figure 4.2.3-4 - Massless Shell Elements at Elevation 99'

2. In Section 4.2.5 that describes the NI05 model, include a discussion of the non-linear analysis
(non-linear) for the basemat. This discussion will be added at the end of the section and is given
below:

"The NI05 model is used for the analysis of the basemat. These analyses are non-linear
equivalent static analyses that consider lift off of the basemat from the soil. 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. See
Reference 14 for more discussion of these analyses, and the nuclear island basemat design."

3. Remove the entry "Floor and wall flexibility included in models" from the fifth row in Table 4.2.6-1.
This is shown below.

OWestinghouse
RAI-TR03-037
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Table 4.2.6-1- Summary of Models and Analysis Methods

Analysis Type of Dynamic
Model Method Program Response/Purpose:,,

3D (ASB) solid-shell ANSYS Creates the finite element mesh for the ASB
model finite element model

3D (CIS) solid-shell ANSYS Creates the finite element mesh for the CIS finite
model element model

3D finite element ANSYS ASB portion of NIl0
model including shield
building roof (ASB 10)

3D finite element reapnse sp06tum ANSYS CIS portion of Nil0
model including dish analysis To obtain qSE member forces for the
below containment c interna structur...
vessel

3D finite element shell Mode superposition ANSYS Performed for hard rock profile for ASB with
model of nuclear island time history analysis CIS as superelement and for CIS with ASB as
[N40-NI10] (coupled and response spectra superelement.
auxiliary/shield analysis Floor- And all flexibility i ,Aluded in models.
building shell model, To develop time histories for generating plant
structures, steel design floor response spectra forInuclear island

containment vessel, structures.
polar crane, RCL, To obtain maximum absolute nodal accelerations
pressurizer and CMTs) (ZPA) to be used in equivalent static analyses.

To obtain maximum displacements relative to
basemat.
To obtain maximum member .forces and momentr
in selected elements for- eemparisen to equivalent

O Westinghouse
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4. In the 9 th row of Table4.2.6-1 add "Complex frequency response analysis" under the Analysis
Method column to be consistent with DCD Table 3G.1-2. This is shown below:

3D shell model of
auxiliary and shield
building and
containment internal
structures [N120]
(including steel
containment vessel,
polar crane, RCL, and
pressurizer).

Time history analysis I SASSI
Complex frequency
response analysis

Performed for the five -siK-soil profiles of firm
rock, soft rock upper bound soft to medium soil,
soft to medium soil and soft soil.

To develop time histories for generating plant
design floor response spectra for nuclear island
structures.

To obtain maximum absolute nodal accelerations
(ZPA) to be used in equivalent static analyses

To obtain maximum displacements relative to
basemat.

To obtain SSE bearing pressures for all generic
soil cases.
To obtain maximum member forces and moments
in selected elements for comparison to equivalent
static results.

5. In the 2nd row from the bottom of Table 4.2.6-1 1 align the analysis method with the Type of
Dynamic Response/Purpose. Also include "floor and wall flexibility." This is shown below:

3D finite element
refmied shell model of
nuclear island (NI05)

Equivalent static non-
linear analysis using
accelerations from
time history analyses

Mode superposition
time history analysis
for the wall and floor
flexibility using
synthetic time
histories developed to
match spectral
envelopes applied at
the base

Response spectrum
analysis with seismic
input enveloping all
soil cases

ANSYS To obtain SSE member forces for the nuclear
island basemat

To obtain floor and wall flexibility response
characteristics

To obtain SSE member forces for the auxiliary
and shield building and the containment internal
structures.

To obtain maximum displacements relative to
basemat.

OWestinghouse
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6. Under Section 4.4.1.1 AP600 Soil Studies, 6th paragraph, it is asked to confirm that the statement:
"Since the mass of the AP1 000 is similar to that of the AP600 the vertical SSI frequency and
response are similar. Thus, the specification of the water table at grade is appropriate for the AP1 000
soil sites." This was confirmed since the weight of the AP600 is only approximately 10% lower.

7. Confirm that Reference 1 should still refer to Rev. 16 of the DCD. The latest revision to the DCD
should be used. This would be Revision 17; however, since Revision 18 will be issued, and this
revision will remain appropriate, the revision will be removed so that in the future there is no
confusion and it will not be necessary to update the technical report. The change in Section 8.0,
References, is shown below:

1. APP-GW-GL-700, AP1000 Design Control Document, Section 3.7TR-e .

8. In Appendix E that is associated with Appendix 3G of the DCD, the following changes are to be
made.

a. Clarify the use of ACS SASSI and SASSI 2000 in subsection 3G.4.2. This clarification should
state where each is used. This clarification is given below and refers to the first paragraph of this
DCD section.

"The computer program SASSI 2000 and ACS SASSI are used to perform Soil-Structure Interaction
analysis with the 3D N120 Coarse Finite Element Model and the 2D stick model. SASSI 2000 is used for
the soil site cases to perform the following functions: 1) Compute the free field displacement vector
based on sit soil properties; 2) Compute the flexible matrix for the interaction nodes; 3) Generate the
mass and frequency-independent stiffness matrix for the structure and excavated soil; and 4) Compute
the impedance matrix for each frequency and obtain the transfer functions from the control motion to the
final motions. The ACS SASSI is used together with SASSI 2000 to process the response spectra, and to
obtain the transfer function plots and stresses. The SASSI Soil-Structure Interaction analyses are
performed for the five soil conditions established from the AP1 000 2D SASSI analyses...."

b. Make changes to Table 3G.1-1 to be consistent with the changes to Table 4.2.6-1 as given
above. These changes are given below:

i. Modify 5th row of Table 3G.1-1 to be consistent with Table 4.2.6-1 of the Technical
Report. This is shown below:
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3D finite element
shell model of nuclear
island [NI04NI10]
(coupled auxiliary
and shield building
shell model,
containment internal
structures, steel
containment vessel,
polar crane, RCL,
pressurizer, and
CMTs)

Mode superposition
time history
analysis and
rcspone spesta
afaly sis

ANSYS Performed for hard rock profile for ASB with
CIS as superelement and for CIS with ASB as
superelement.

Floor- and wall flexibility iffeluded in; model.

To develop time histories for generating plant
design floor response spectra for nuclear island
structures.

To obtain maximum absolute nodal
accelerations (ZPA) to be used in equivalent
static analyses.

To obtain maximum displacements relative to
basemat.

ii. In the 9 th row of Table3G.1 -1 add "Complex frequency response analysis" under the
Analysis Method column to be consistent with DCD Table 3G.1-2. This is shown below:

3D shell model of
auxiliary and shield
building and
containment internal
structures [N120]
(including steel
containment vessel,
polar crane, RCL, and
pressurizer).

Time history analysis I SASSI

Complex frequency
response analysis

Performed for the five -six-soil profiles of firm
rock, soft rock upper bound soft to medium soil,
soft to medium soil and soft soil.

To develop time histories for generating plant
design floor response spectra for nuclear island
structures.

To obtain maximum absolute nodal accelerations
(ZPA) to be used in equivalent static analyses

To obtain maximum displacements relative to
basemat.

To obtain SSE bearing pressures for all generic
soil cases.
To obtain maximum member forces and moments
in selected elements for comparison to equivalent
static results.

iii. In the 2 nd row from the bottom of Table 3G.1-1 align the analysis method with theType of
Dynamic Response/Purpose. Also include "floor and wall flexibility." This is shown
below:

3D finite element Equivalent static non- ANSYS To obtain SSE member forces for the nuclear
refined shell model of linear analysis using island basemat
nuclear island (NI05) accelerations from

time history analyses:

Mode superposition To obtain floor and wall flexibility response
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I T

time history analysis
for the wall and floor
flexibility using
synthetic time
histories developed to
match spectral
envelopes applied at
the base

Response spectrum
analysis with seismic
input enveloping all
soil cases.

characteristics

To obtain SSE member forces for the auxiliary
and shield building and the containment internal
structures.

To obtain maximum displacements relative to
basemat.

c. In Table 3G. 1-2 correct the entry under the column Three Components Combination, 5th row, add 40%.
This is shown below.

3D shell of revolution Equivalent static analysis
model of steel using nodal accelerations
containment vessel from 3D stick model

ANSYS SRSS or
100%, 40%, 40%

n/a
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