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Attention: Document Control Desk
Washington, D. C. 20555

Serial No. NA3-10-035RA
Docket No. 52-017

COL/DWL

DOMINION VIRGINIA POWER
NORTH ANNA UNIT 3 COMBINED LICENSE APPLICATION
SRP 02.05.02: SUPPLEMENTAL RESPONSE TO RAI LETTER 53

On December 21, 2010, the NRC requested additional information to support the review
of certain portions of the North Anna Unit 3 Combined License Application (COLA).
Dominion letter NA3-10-035R, dated January 28, 2011, provided a complete response
to Request for Additional Information (RAI) Question 02.05.02-1, but deferred the
submittal of the proposed COLA revision to a later date. The proposed COLA revision
associated with this RAI response is provided in Enclosure 1.

This information will be incorporated into a future submission of the North Anna Unit 3
COLA, as described in the enclosure.

Please contact Regina Borsh at (804) 273-2247 (regina.borsh@dom.com) if you have
questions.

Very truly yours,

Eugene S. Grecheck
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Enclosure:

1. Proposed COLA Markups for RAI Letter Number 53, RAI 5198, Question

02.05.02-1

Commitments made by this letter:

1. Incorporate proposed changes in a future COLA submission.

COMMONWEALTH OF VIRGINIA

COUNTY OF HENRICO

The foregoing document was acknowledged before me, in and for the County and
Commonwealth aforesaid, today by Eugene S. Grecheck, who is Vice President-
Nuclear Development of Virginia Electric and Power Company (Dominion Virginia
Power). He has affirmed before me that he is duly authorized to execute and file the
foregoing document on behalf of the Company, and that the statements in the document
are true to the best of his knowledge and belief.

Acknowledged before me thiso Iy of OU'k*9 , 2OA I)

My registration number is "31 OBq"-1 and my

Commission expires: LA 113 GINGER LYNN MELTON [
d ~Notary PublicLCommonwealth of Virginia

310847
Notary P lic 1 COMY Commission Expires Apr 30, 2013

cc: U. S. Nuclear Regulatory Commission, Region II
C. P. Patel, NRC
T. S. Dozier, NRC
J. T. Reece, NRC
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ENCLOSURE 1

Supplement 1 to Response to NRC RAI Letter 53

RAI 5198 Question 02.05.02-1
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Enclosure 1

SUPPLEMENTAL RESPONSE TO

REQUEST FOR ADDITIONAL INFORMATION

North Anna Unit 3

Dominion

Docket No. 52-017

RAI NO.: 5198 (RAI Letter 53)

SRP SECTION: 02.05.02 - VIBRATORY GROUND MOTION

QUESTIONS for Geosciences and Geotechnical Engineering Branch 2 (RGS2)

DATE OF RAI ISSUE: 12/21/2010

QUESTION NO.: 02.05.02-1

FSAR Section 2.5.2.5 states that the GMRS is defined at a site elevation of 135 ft below
finished grade at the hard rock interface (Vs = 9200 ft/sec). Justify that this location for
the GMRS is consistent with the description of the SSE found in 10 CFR 100.23(d)(1)
and the location of the GMRS as specified in ISG-17 and RG 1.208, which states that

The horizontal and vertical GMRS are determined in the free-field on the
ground surface. For sites with soil layers near the surface that will be
completely excavated to expose competent material, the GMRS are
specified on the outcrop or hypothetical outcrop that will exist after
excavation.

As the weathered rock above the hard rock interface has a Vs less than 9200 ft/sec,
please provide the base Vs profile along with a complete description of the site
response analysis to determine the GMRS for the site.

Dominion Supplemental Response

On December 21, 2010, the NRC requested additional information for the justification of
the GMRS determination in Letter No. 53, RAI 5198, Question 02.05.02-1. In Letter
No. NA3-10-035R, dated January 28, 2011, Dominion provided a response to this
question, however, the expected COLA revisions were not yet completed. This
supplemental response provides the markups of COLA pages with the proposed
revisions.

Page 2 of 3
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Enclosure 1

Proposed COLA Revision

The sections, tables, and figures in COLA Part 2 (FSAR) and Part 7 (Departure§

Report) listed below will be revised as indicated on the attached markups.

1. FSAR Table 1.8-201, "Resolution of Combined License Items for Chapters 1-19"

2. FSAR Table 1.8-202, "Departures from the Referenced Certified Design"

3. FSAR Table 1.8-203, "Variances from the ESP and ESPA SSAR"

4. FSAR Table 1.9-202, "Conformance with Regulatory Guides"

5. FSAR Table 2.0-201, "Vibratory Ground Motion" Evaluation

6. FSAR Section 2.5.2, "Vibratory Ground Motion"

7. FSAR Table 2.5-201, "Selected Horizontal Ground Motion Response Spectrum
Amplitudes, V/H Spectral Ratios, and Resulting Vertical Ground Motion
Response Spectrum Amplitudes"

8. FSAR Figure 2.5-201, "Horizontal and Vertical Ground Motion Response Spectra
(GMRS)"

9. FSAR Figure 2.5-202, "High-Frequency and Low-Frequency Hard Rock
Horizontal Response Spectra"

10. FSAR Section 3.7, "Seismic Design"

11. FSAR Figure 3.7-203, "GMRS and Geologic Outcrop FIRS at Bottom of Basemat
- Horizontal"

12. FSAR Figure 3.7-204, "GMRS and Geologic Outcrop FIRS at Bottom of Basemat
- Vertical"

13. FSAR Appendix 300, "Site Response Analysis and Development of SSI
Analysis Input"

14. Departures Report, Departure NAPS DEP 3.7(2), "Site Amplification Functions

and Site Response Analysis"

15. Departures Report, Variance NAPS ESP VAR 2.0-4, "Vibratory Ground Motion"

Page 3 of 3
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North Anna 3
Combined License Application

Markup of North Anna COLA

The attached markup represents Dominion's good faith effort to show how the COLA will be revised
in a future COLA submittal in response to the subject RAI. However, the same COLA content may
be impacted by revisions to the DCD, responses to other COLA RAIs, other COLA changes, plant
design changes, editorial or typographical corrections, etc. As a result, the final COLA content that
appears in a future submittal may be somewhat different than as presented herein.
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NAPS COL 1.8(2) Table 1.8-201

COL Item No.

Resolution of Combined License Items for Chapters 1-19

Resolution
CategoryCOL Item FSAR Section

COL 3.7(4)

COL 3.7(5)

COL 3.7(6)

COL 3.7(7)

COL 3.7(8)

COL 3.7(9)

To prevent non-conservative results, the COL Applicant is to review the resulting
level of seismic response and determine appropriate damping values for the
site-specific calculations of ISRS that serve as input for the seismic analysis of
seismic category I and seismic category II subsystems.

The COL Applicant is to assure that the horizontal FIRS defining the site-specific
SSE ground motion at the bottom of seismic category I or II basemats envelope
the minimum response spectra required by 10 CFR 50, Appendix S, and the
site-specific response spectra obtained from the response analysis.

The COL Applicant is to develop site-specific GMRS and FIRS by an analysis
methodology, which accounts for the upward propagation of the GMRS. The FIRS
are compared to the CSDRS to assure that the US-APWR standard plant seismic
design is valid for a particular site. If the FIRS are not enveloped by the CSDRS,
the US-APWR standard plant seismic design is modified as part of the COLA in
order to validate the US-APWR for installation at that site.

3.7.1.2
3.7.2.4.1

3a

3.7
3.7.1.1
Appendix 300
Tables 3.7-201
through 3.7-203
Tables 3.7-201
through 3.7-204

2.5.2
3.7
Figure 3.7-201

3a

3a

3a

3a

3a

The COL Applicant is to determine the allowable dynamic bearing capacity based 3.7.1.3
on site conditions, and to evaluate the bearing load to this capacity.

The soil properties may be considered strain-independent for subgrade materials 3.7.2.4.1
with initial shear wave velocities of 3.500 ft/s or higher, to be confirmed by the COL
Applicant as part of the site-specific subsurface material investigations discussed
in Section 2.5.4. However, the COL Applicant must institute dynamic testing to
evaluate the strain-dependent variation of the material dynamic properties for site
materials with initial shear wave velocities below 3,500 ft/s.

The COL Applicant is to assure that the design or location of any site-specific
seismic category I SSCs, for example pipe or duct banks, will not expose those
SSCs to possible impact due to the failure or collapse of non-seismic category I
structures, or with any other SSCs that could potentially impact, such as heavy
haul route loads, transmission towers, non safety-related storage tanks, etc.

3.7.2.8

North Anna 3
Combined License Application

Revision 4 (Draft 03/16/11)
TBD 20111-73



Serial No. NA3-10-035RA
Docket No. 52-017
RAI 02.05.02-1
Page 3 of 62

NAPS COL 1.8(2) Table 1.8-201

COL Item No.

Resolution of Combined License Items for Chapters 1-19

Resolution
CategoryCOL Item FSAR Section

COL 3.7(20) The COL Applicant is to validate the site-independent seismic design of the
standard plant for site-specific conditions, including geological, seismological, and
geophysical characteristics, and to develop the site-specific GMRS as free-field
outcrop motions on the uppermost in-situ competent material.

The COL Applicant is responsible for the seismic design of those seismic
category I and seismic category II SSCs that are not part of the US-APWR
standard plant.

2.5.2
3.7
3.7.2.2
3.7.2.4.1
Appendix 3NN

3.7
Appendix 3LL

3a

COL 3.7(21)

COL 3.7(22)

3a

3aThe COL Applicant is required to perform site-specific seismic analyses, including 3.7.1.1
SSI analysis which considers seismic wave transmission incoherence and analysis
of the CAV of the seismic input motion, in order to determine if high-frequency
exceedances of the CSDRS could be transmitted to SSCs in the plant
superstructure with potentially damaging effects.

COL 3.7(23)

COL 3.7(24)

COL 3.7(25)

The COL Applicant is to verify that the results of the site-specific SSI analysis for
the broadened ISRS and basement walls lateral soil pressures are enveloped by
the US-APWR standard design.

The COL Applicant is to verify that the site-specific ratios V/A and ADN 2 (A, V, D,
are PGA, ground velocity, and ground displacement, respectively) are consistent
with characteristic values for the magnitude and distance of the appropriate
controlling events defining the site-specific uniform hazard response spectra.

The COL Applicant referencing the US-APWR standard design is required to
perform a site-specific SSI analysis for the R/B-PCCV-containment internal
structure utilizing the program ACS-SASSI (Reference 3.7-17R) which contains
time history input incoherence function capability. The SSI analysis using SASSI is
required in order to confirm that site-specific effects are enveloped by the standard
design. After the SASSI analysis is first performed for a specific unit, subsequent
COLAs for other units may be able to forego SASSI analyses if the FIRS and
GMRS derived for those subsequent units are much smaller than the US-APWR
standard plant CSDRS, and if the subsequent unit can also provide justification
through comparison of site-specific geological and seismological characteristics.

3.7
Appendix 3NN

3.7.1.1
Appendix 300

3.7
Appendix 3NN

3a

3a

3a

North Anna 3
Combined License Application

Revision 4 (Draft 03/16/11)
TBD 20111-75
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North Anna 3
Combined License Application

Part 2: Final Safety Analysis Report

NAPS COL 1.8(3) Table 1.8-202 Departures from the Referenced Certified Design

Number Subject FSAR Section

NAPS DEP 02.0(1)

.I'APS DEP 02.3(-)RAI 02.03.04-2 S1 R1

RAI 02.05.02-1

NAPS DEP 03.7(1)

NAPS DEP 03.7(2)

NAPS DEP 03.7(3)

NAPS DEP 08.2(1)

NAPS DEP 09.2(1)

Maximum Non-Coincident
Wet Bulb Temperature

Mn Cont r-ol' Rz 'v'm

Atmocphearic Dicpercionfl
Faoterc, Saurca to Recoptor
Dictanoa Dotormfination

Seismic Spectra Exceedance

Sitc Amplific•ation Functicnc
eaf-Site Response Analysis

MNES Improvements to
Seismic Analysis Methods

Clarification of GDC 2 and 4
Applicability for Offsite Power

Replacement of Boron
Recycle System with a
Degasifier Subsystem

Non-Essential Service Water
System, Design Service
Water Temperature

Power Source Fuel Storage
Vault Elevation

Main Turbine Type Change

Main Condenser Type
Change

Initial Test Program (ITP)
Administration

Separation of Startup
Organization into
Preoperational and Startup
Testing Organizations

Initial Test Program Scope

2.0

24

2.0, 3.7, 3.8, Appendix 3NN,
Appendix 300, 6.2, 19.1

2-6, 3.7

3.7, 3.8, Associated
Appendices

1.9, 8.1, 8.2

1.2, 3.2, Appendix 3E, 7.4,
9.2, 9.3, Appendix 9A, 10.4,
11.2, 11.3, 11.4, 11.5, 12.2,
12.3,14.2

9.2

I

NAPS DEP 09.2(2)

NAPS DEP 09.5(1)

NAPS DEP 10.2(1)

NAPS DEP 10.4(1)

NAPS DEP 14.2(1)

NAPS DEP 14.2(2)

1.2, 1.9, 3.5, 3.7, 3.8, 8.3, 9.5,
Appendix 19A; COLA Part 4,
Section A

1.2, 3.5, Appendix 9A, 10.1,
10.2, 10.4, 11.5, 12.3

1.2, Appendix 9A, 10.1, 10.4,
11.5,12.3

14.2

14.2, Appendix 14AA

NAPS DEP 14.2(3) 3.9, 6.2, 6.3, 6.5, 14.2

1-116 Revision 4 (Draft 03/21/11)
TBD 2011
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North Anna 3
Combined License Application

Part 2: Final Safety Analysis Report

NAPS COL 1.8(2) Table 1.8-203 Variances from the ESP and ESPA SSAR

Number

NAPS ESP VAR 2.0-1a-I

Subject

Long-Term Dispersion Estimates
(X/Q and D/Q)

Hydraulic Conductivity

Hydraulic Gradient

Vibratory Ground Motion

NAPS ESP VAR 2.0-2

NAPS ESP VAR 2.0-3

NAPS ESP VAR 2.0-4RAI 02.05.02-1

FSAR Section

2.0
2.3

2.4.12

2.4.12

2.0
2.5.2
3.7.1

2.4.12

2.0
15.9

2.0

I

NAPS ESP VAR 2.0-5

NAPS ESP VAR 2.0-6

NAPS ESP VAR 2.0-7

Distribution Coefficients (Kd)

DBA Source Term Parameters and
Doses

Coordinates and Abandoned Mat
Foundations

Tornado Site Characteristics

Void Ratio, Porosity, and Seepage
Velocity

RAI 02.03.01-5 NAPS ESP VAR 2.3-1

NAPS ESP VAR 2.4-1

2.3.1.3.2

2.4.12

I

NAPS ESP VAR 2.4-2 NAPS Water Supply Well 2.4.12

Information

NAPS ESP VAR 2.4-3 Well Reference Point Elevation 2.4.12

NAPS ESP VAR 2.4-4 Lake Anna Normal Pool Level 2.4

NAPS ESP VAR 2.5-1 Stability of Slopes 2.5.5

NAPS ESP VAR 11.2-1 Annual Liquid Effluent Releases 11.2

NAPS ESP VAR 11.3-1 Annual Gaseous Effluent Releases 11.3

NAPS ESP VAR 11.3-2 Total Doses from Site 11.3

1-117 Revision 4 (Draft 03/21/11)
TBD 2011
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North Anna 3
Combined License Application

Part 2: Final Safety Analysis Report

NAPS COL 1.9(1) Table 1.9-202 Conformance with Regulatory Guides

RG
Number Title

1.208 A Performance-
Based Approach to
Define the
Site-Specific
Earthquake Ground
Motion

Revision

Rev. 0

Date

Mar-07

RG
Position Evaluation

C.1 Conforms. F
C.2.1 1.165,
C.2.3 NUREG/CR
C.3 and DC/COI
C.3.1 are mainly u
C.3.2 instead of R
C.3.3 to define thE
C.4 and develop
C.4.1 FIRS. See
C.4.2 Sections 2.,r
C.5.2 3.7, and
C.5.3 SSAR Secti
C. 5.4

G4 Not Applical

G,13

C.2.2
C.3.4
C.3.5

C.4.3
C.5.1
G.6.3
G.6.4

•G

-6728,
L-ISG-1
ised
G 1.208

GVGMRS
the

5.2 and

on 2.5.2.

ble

1.209 Guidelines for Rev. 0 Mar-07 General Conforms.
Environmental Operational program
Qualification of implementation is
Safety-Related described in
Computer-Based Section 13.4.
Instrumentation and
Control Systems in
Nuclear Power
Plants

1.210 Qualification of Rev. 0 Jun-08 General Exception. See DCD
Safety-Related Section 8.1.
Battery Chargers
and Inverters for
Nuclear Power
Plants

1.211 Qualification of Rev. 0 Apr-09 General Exception. The
Safety-Related requirements are
Cables and Field defined by the DCD
Splices for Nuclear which implements
Power Plants RG 1.131.

1-206 Revision 4 (Draft 03/17/11)
TBD 2011
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Table 2.0-201 Evaluation of Site/Design Parameters and Characteristics

Parameter
Description (15)

DCD Site
Parameter
Value (15) Site Characteristic Evaluation

NAPS SUP 2.0(2) Part 2 - Evaluation of ESP Site Characteristics and Design Parameters For Which There is No Corresponding
DCD Site Parameter

Vibratory Ground Motion

Design Response No value
Spectra provided

ESP
ESP, Appendix A,
Figure 2

Unit 3
Figure 2.5-201

The ESP site characteristic values are the horizontal and vertical response
spectra provided in ESP, Appendix A, Figure 2. SSAR Table 1.9-1 states
that the site-specific response spectra are provided in
SSAR Section 2.5.2.6. That section includes SSAR Figure 2.5-48A which
is the same as ESRP Appendix A, Figure 2.

The Unit 3 site characteristic values are the horizontal and vertical ground
motion response spectra (GMRS) defined at the hard rta k herincr
Elevation 250 ft NAVD88 (250.86 ft: NGVD29) (as tabulated in
Table 2.5-201 and plotted in Figure 2.5-201). rathcr t41:han -at the top of
compeoent rcek (Ztne 111eV) as On theo ESP UIt 3 (spcR aFigure 2.5 48A).

NAPS ESP VAR 2.0-4

Although the Unit 3 Yalues At h hard- reck ho.erizon.R fall' lwmithin (aro the same-
as) the ESP and 8SAR Y.alues at tho herd rock horizon, the chango in:ý
oontrol point is eoncidersd a variancoThe Unit 3 site characteristic values
at Elevation 250 ft NAVD88 (250.86 ft NGVD29) (response spectra) do not
fall within (are not lower than) the ESP site characteristic values (response
spectra) at a few frequencies less than 6 Hz. Fiqure 2.0-206 and
Table 2.0-202 compare the ESP and Unit 3 horizontal response spectra.
Figure 2.0-207 and Table 2.0-203 compare the ESP and Unit 3 vertica
response spectra. While the figures are essentially overlapping curves at
low frequencies, the tables show where the Unit 3 spectra exceed the ESP
spectra.

North Anna 3
Combined License Application

Revision 4 (Draft 03/23/11)
TBD 20112-66
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NAPS ESP VAR 2.0-4 Table 2.0-202 Comparison of Horizontal Spectra for ESP Top of
Zone Ill-IV SSE and Unit 3 GMRS at Elevation 250 feet
NAVD88

Freq. Unit 3 ESP Controlling

(Hz) SAg(a §A c()(c( ESP or Unit 3W

0.1 0.00414 0.00382 Unit 3 Spectrum

0.125 0.00598

0.15 0.00807 - -

0.2 0.01295 0.01298 ESP Spectrum

0.3 0.0230 0.0233 ESP Spectrum

0.4 0.0339 0.0343 ESP Spectrum

0.5 0.0451 0.0429 Unit 3 Spectrum

0.6 0.0502 0.0488 Unit 3 Spectrum

0.7 0.0545 -

0.8 0.0585 0.0576 Unit 3 Spectrum

0.9 0.0622 -

1 0.0659 0.0677 ESP Spectrum

1.25 0.0833 - -

1.5 0.1026 - -

2 0.1499 0.142 Unit 3 Spectrum

2.5 0.1821 0.179 Unit 3 Spectrum

3 0.210 0.214 ESP Spectrum

4 0.284 0.287 ESP Spectrum

5 0.382 0.376 Unit 3 Spectrum

6 0.453 0.481 ESP Spectrum

7 0.522 - -

8 0.595 0.717 ESP Spectrum

9 0.667 - -

10 0.744 0.945 ESP Spectrum

12.5 0.935

15 1.116 -

2-85 Revision 4 (Draft 03/21/11)
TBD 2011



Serial No. NA3-10-035RA
Docket No. 52-017
RAI 02.05.02-1
Page 9 of 62

North Anna 3
Combined License Application

Part 2: Final Safety Analysis Report

NAPS ESP VAR 2.0-4 Table 2.0-202 Comparison of Horizontal Spectra for ESP Top of
Zone Ill-IV SSE and Unit 3 GMRS at Elevation 250 feet
NAVD88

Freq.
(Hz)

20

25

30

35

Unit 3

1.337

1.328

1.233

1.143

ESP

SAA gl(bc)

1.446

1.476

1.470

Controllinq
ESP or Unit 3W

ESP Spectrum

ESP Spectrum

ESP Spectrum

40 1.101

45

50

60

70

80

1.077

1.049

0.886

0.752

0.648

1.195 ESP Spectrum

90 0.579

100 0.535 0.555 ESP Spectrum

(a) Values from Table 2.5-201
(b) Values from SSAR Table 2.5-27A
(c) ""denotes not applicable: SA(g) value was not calculated for the ESPA SSAR

2-86 Revision 4 (Draft 03/21/11)
TBD 2011
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NAPS ESP VAR 2.0-4 Table 2.0-203 Comparison of Vertical Spectra for ESP Top of
Zone Ill-IV SSE and Unit 3 GMRS at Elevation 250 feet
NAVD88

Freq. Unit 3 ESP Controlling
(Hz) SAg)a SAJg(b)(c) ESP or Unit 3W

0.1 0.00311 0.00286 Unit 3 Spectrum

0.125 0.00448 - -

0.15 0.00605 - -

0.2 0.00971 0.00973 ESP Spectrum

0.3 0.01727 0.0174 ESP Spectrum

0.4 0.0254 0.0257 ESP Spectrum
0..5 0.0339 0.0321 Unit 3 Spectrum

0.6 0.0376 0.0366 Unit 3 Spectrum

0.7 0.0409 -

0.8 0.0439 0.0432 Unit 3 Spectrum

0.9 0.0467 -

1 0.0494 0.0507 ESP Spectrum

1.25 0.0625 - -

1.5 0.0769 -

2 0.1124 0.106 Unit 3 Spectrum

2.5 0.1366 0.134 Unit 3 Spectrum

3 0.1574 0.160 ESP Spectrum
4 0.213 0.215 ESP Spectrum

5 0.286 0.282 Unit 3 Spectrum

6 0.340 0.360 ESP Spectrum

7 0.391

8 0.446 0.537 ESP Spectrum

9 0.500
10 0.558 0.708 ESP Spectrum

12.5 0.721

15 0.879 -

2-87 Revision 4 (Draft 03/21/11)
TBD 2011
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North Anna 3
Combined License Application

Part 2: Final Safety Analysis Report

NAPS ESP VAR 2.0-4 Table 2.0-203 Comparison of Vertical Spectra for ESP Top of
Zone Ill-IV SSE and Unit 3 GMRS at Elevation 250 feet
NAVD88

Freq.
(Hz)

20

25

30

35

40

45

50

60

70

Unit 3

1.104

1.169

1.155

1.121

1.148

1.187

1.180

1.007

0.848

ESP

1.20

1.29

1.38

1.33

Controlling

ESP or Unit3W

ESP Spectrum

ESP Spectrum

ESP Spectrum

ESP Spectrum

80 0.706

90 0.600

100 0.535 0.555 ESP Spectrum

(a) Values from Table 2.5-201
(b) Values from SSAR Table 2.5-27A
(c)"-" denotes not applicable: SA(~g) value was not calculated for the ESPA SSAR

2-88 Revision 4 (Draft 03/21/11)
TBD 2011
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North Anna 3
Combined License Application

Part 2: Final Safety Analysis Report

NAPS ESP VAR 2.0-4 Figure 2.0-206 Comparison of Horizontal ESP SSE and Unit 3 GMRS
Design Response Spectra

10

0

4)
4)

a)

0.
CO)

0.1

0.01

0.001

0.1 1 10 100

Frequency (Hz)

2-91 Revision 4 (Draft 03/17/11)
TBD 2011
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North Anna 3
Combined License Application

Part 2: Final Safety Analysis Report

NAPS ESP VAR 2.0-4 Figure 2.0-207 Comparison of Vertical ESP SSE and Unit 3 GMRS
Design Response Spectra

10

01

I

0

0.1

,4W

0.01

0.001

0.1 1 10 100

Frequency (Hz)

2-92 Revision 4 (Draft 03/17/11)
TBD 2011
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North Anna 3
Combined License Application

Part 2: Final Safety Analysis Report

2.5.2 Vibratory Ground Motion

NAPS COL 2.5(1) Replace the content of DCD Section 2.5.2 with the following.
NAPS COL 3.7(6)
NAPS COL 3.7 20) The information needed to address DCD COL Item 2.5(1) is included in

SSAR Section 2.5.2, which is incorporated by reference with the
following variances and supplements.

NAPS ESP VAR 2.0-4 The second paragraph in this SSAR section is supplemented as follows.

SSAR Sections 2.5.2.1 through 2.5.2.4 document the review and update
of the available EPRI seismic source and ground motion models.
Section 2.5.2.5 summarizes basic information about the seismic wave
transmission characteristics of the Unit 3 site with reference to more
detailed discussion of the engineering aspects of the shallow subsurface
in Section 2.5.4, and also indicates the depth to the haFrd rock. hor-izo at
which the ground motion response spectra (GMRS) are defined for
Unit 3. This depth ibased on tn t, ..... t in ScctiN", 2".ý. ,,hich pr.,id,
the cngin oing asctc of tho shallow cubcurfaco abevo the hard rock
hFid---i.-The engineering properties of the subsurface materials are used
to develop the GMRS as described in Section 2.5.2.6 and the foundation
input response spectra (FIRS) as described in Section 3.7.1.

The last paragraph in this SSAR section is supplemented as follows with
information to address the Operating Basis Earthquake (OBE).

The deFi"Yati pderivations of the selected vertical GMROS-,e-SSE spectra
are described in Section 2.5.2.6.7. The derivation of the OBE is
described in Section 3.7.1.

2.5.2.5 Seismic Wave Transmission Characteristics of the Site

NAPS DEP 34(2) This SSAR section is supplemented as follows with information to
NAPS ESP VAR 2.0-4 address the GMRS control point.

As prcesontcd in Soction 2.5.4, hard rock conditions (With a shoar wavo
volocity of 0200 Risec r. grofatcr) eensistcnt with the ground moAtion
a....uation ro.ation. u..d in the cit. spcific probabilistic coismic hazard
analysis (PSHA), pcs•cntod in SSAR Subncetioni 2.5.2.6.6, arc at a depth
of about 115 feot from. finished grade, as dcscribcd nr
Soction 2.6.4.7.1.a. Figurc 2.5 237 illustratcs the variability across the
648o of loWor shoar wave volocitios abovo this depth horizon. This hard

I

I
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NAPS ESP VAR 2.0 4 rock horiZon, which is, below the foundation Io'.els of the YarioUG

safety relatod ctructurec, is urod as the control point in dofinfing the
CG.MRS. Thoroforo, for the purpoco of dofining tho GIVRS, tho soicmic
wave transmico,.n "ha•raet..ities of the cite up to "hallower hFOr"... aro
R etFe q u 0ed-.
The eiscmic wa-o ta•n.mi..i.n ch.arac..i.tic. ef the site ar. con.idowod
in Scction 3.7.1 in the deyelepmcnt of the amplification of the GMRS
hard rock ground ot"ine% at the hig.hc l.vation". Thisc c nicsccr..y to
obtain the FIRS reguirod as inpute to the analysis and the dccign of each
ccmi c -ategory I StrUCtUra in Section 3.7.
As described in Section 2.5.4.2, the upper in situ soil is characterized as
residual clays and clayey silts (Zone I) which is scarce across the site
and will be removed. This zone is followed by saprolite (Zone IIA and
Zone IIB), followed by rock which is classified into three zones: Zone III
(weathered rock), Zone Ill-IV (moderately weathered to slightly
weathered rock) and Zone IV (slightly weathered to fresh rock, including
9200 fps hard rock).

For the purpose of defining the GMRS, Elevation 250 ft is used as the
control point which closely corresponds to the bottoms of the foundations
of the RIB Complex and PS/Bs which are at the lowest foundation
elevation of the Seismic Category I structures. At this elevation, the top
layer of the rock column is Zone Ill-IV material with a best estimate (BE)
shear wave velocity of 4250 fps. The design grade elevation for Unit 3 is
Elevation 290 ft. Vertical datum is with reference to NAVD88 throuqhout
Section 2.5.2, unless stated otherwise.

The seismic wave transmission characteristics of the site materials are
defined in Section 2.5.4.7 including shear wave velocity profiles, soil and
rock layer thicknesses, unit weights, Poisson's ratios, as well as
strain-dependent property curves and damping ratios. The properties of
the different soil and rock layers provide the BE properties and an
estimate of the variation of these properties. Profile simulation accounts
for the variation of the shear wave velocities, damping ratios,
strain-dependent property curves, as well as the thicknesses of the
different layers to generate the simulated profile sets for the considered
structures.

The analyses of seismic wave transmission characteristics of the site are
presented in Sections 2.5.2.6.7 and 3.7.1 in the rock and soil column
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amplification analyses required for the development of the GMRS and for
the FIRS for each Seismic Category I structure, respectively.

2.5.2.6.7 Selected SSE Ground Motion

c. Selection of Enveloping Horizontal SSE Spectrum

NAPS ESP VAR 2.0-4 Item c in this SSAR section is supplemented as follows with information
to address the definition of the selected GMRS.

Horizontal Hard Rock SSE Spectrum

SSAR Figure 2.5-54A shows four horizontal ground spectra - the mean
5 x 10-5 annual hazard RG 1.165 (SSAR Reference 2) high- and
low-frequency scaled spectra (from SSAR Figure 2.5-51), the
performance-based spectrum (from SSAR Figure 2.5-53) and the
selected hard rock SSE spectrum (shown in SSAR Figure 2.5-48), which
is the envelope of the other three spectra. As shown in
SSAR Figure 2.5-54A, the envelope of the high- and low-frequency
RG 1.165 spectra indicates amplitudes very similar to the
performance-based spectrum for frequencies of 1 Hz and higher. The
selected horizontal SSE spectrum has been drawn to conservatively
envelope both the mean 5 x 10-5 annual hazard RG 1.165 spectra and
the performance-based spectrum. Thc ,clcctcd horizontal hard rock SSE
6pctrum, defines the horizontal GVIRS, ar tabulatod in Tablo 2.5 201
and pletted in Figuro 2.5 201 (which ic, the samo ac SSAR Tablo 2.6 27
and Figuro 2.5 48, rccpcctiyclqL, for only 21 froqucnciec).

For further perspective, SSAR Figure 2.5-54B compares three spectra

and available discrete spectral values from the 1989 EPRI and LLNL
studies recognized in SSAR Reference 2:

1. The mean 5 x 10-5 annual hazard RG 1.165 envelope spectrum
(from SSAR Figure 2.5-51).

2. The performance-based spectrum (from SSAR Figure 2.5-53).

3. The selected SSE spectrum GMRS, which is the envelope of the

above two.

4. "1989 EPRI" spectral values, which are median 10-5 spectral values
for the North Anna site described in SSAR Reference 115.
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5. "1989 LLNL" spectral values, which are estimated median 10-5

spectral values calculated using a parabolic extrapolation from
results published in SSAR Reference 129, using median ground
motions for annual probabilities from 2 x 10-3 to 10-4 to estimate
median ground motions for an annual probability of 10-5 (results for
annual probabilities less than 10-4 are not available in
SSAR Reference 129).

SSAR Figure 2.5-54B shows that all spectra and spectral values are
similar, giving further credibility to the selected hard rock SSE spectrum
(GMRS).

The spectra shown in SSAR Figure 2.5-48, SSAR Figure 2.5-51,
SSAR Figure 2.5-53, SSAR Figure 2.5-54A, and SSAR Figure 2.5-54B
represent scaled free-field hard rock control point ground motion spectra
(9200 fps shear wave velocity) for 5 percent of critical damping. There
Frocpenco spocta do not includo any offoctc ruch ac ctruoturo,
embodmont, or incohorocFc of acimc ' -a'-c duo to basc mat cizo.
Such offoctc aro considorod in Soction 3.7 in the dovolopmont of
ztructurc specific soismic dosign metiOnc for apprOPriatc design and
analycic of seoi-m-c -ateger; 1 .. C at the Unit 3 site.

Soction 2.6.4.7 deccriboc subcurfacc chcar wave volocity and rclatcd
matcrial propcrty informfation for the site, inoluding the Fmatorialc aboyc
the hard rock horizon~ at which the GIVRS is dcfinod. Based on these
data, citc choar wa-vc vclcity profilcs havc boon dovolepod for the
locationo of the new unit including all seismic eatcgor'; I ctruoturcc.

Soctio 3_'.7 uco thoso Sootion 2.6.4 profiloc and the GMRS rock
metionc, procstod in this .. cti.n, as input to site Fo.ponc. analycoc. to

dovolop FIRS f-or .. icmi" c.ategry' I .tRuctur.. FollowfiRg :ito ro.cpnco
analy•i• Appracah 2 in N•UREG/R 6728 (SSAR Refornc 410), the
controlling carthguakes and spcctral contont that compricc docsign
rocp9nco spcctra in the high frogucncy rangc diFfo froM that in tho
lcw frcguency FRago and werc considorod. The high and low freguoncy
rocpencc spcctra, dcvoloped fromn concidoration of the corrocponding
controlling eathquakcs (seo SSAR Tablo 2.5 25) and impl•M..ati;n of
the moedifiod RG 1.166 Rofo~ronc Pro1bability Approach, chown in
SSAR Figuro 2.6 64A, aro adapted to dovolop the roguirod rock input

....... ... p: I- .. t- c'J ' ,

I

FQ .................... it a.......s aASR aRaOMAR _R _AA+ AR

For the purpose of developing the horizontal GMRS at
Elevation 250 feet, as described below, as well as the FIRS in
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Section 3.7.1, it is necessary to consider the specification of the hard
rock ground motions as input to site response analyses. Following site
response analysis Approach 2 in NUREG/CR-6728
(SSAR Reference 119), the controlling earthquakes and spectral content
that comprise design response spectra in the high-frequency range differ
from those in the low-frequency range and need to be considered. The
high- and low-frequency rock response spectra, developed from
consideration of the corresponding controlling earthquakes (see
SSAR Table 2.5-25) and implementation of the modified RG 1.165
Reference Probability Approach, shown in SSAR Figure 2.5-54A, are
adapted to develop the required input rock response spectra for the
Unit 3 site response analyses both in the development of the GMRS
below and in the development of FIRS in Section 3.7.1.

High- and low-frequency rock response spectra are defined, in
composite, to match the horizontal GMRS-enveloping hard rock SSE
spectrum in SSAR Figure 2.5-48, but individually, are based on the high-
and low-frequency reference probability response spectra shapes.
Considering SSAR Figure 2.5-54A, the low-frequency (LF) horizontal
hard rock response spectrum is defined by the horizontal GNIR
enveloping hard rock SSE spectrum for frequencies less than 1.5 Hz and
by the 5 x 10-5 per year low-frequency reference probability spectral
values for higher frequencies. Similarly, the high-frequency (HF)
horizontal hard rock response spectrum is defined by the horizontal
GMRS nveloping hard rock SSE spectrum for frequencies greater than
1.5 Hz and by the 5 x 10-5 per year high-frequency reference probability
spectral values for lower frequencies. The HF and LF hard rock
horizontal response spectra are plotted in Figuro 2.5 202
Figure 2.5-202a.

As presented below in the development of the horizontal GMRS, as well
as in the development of FIRS presented in Section 3.7.1, the site
response analysis method employed does not require the input of
earthquake time histories, but rather the specification of the HF and LF
horizontal hard rock response spectra, presented above. Earthquake
time histories spectrally-matched to the HF and LF horizontal hard rock
spectra are, however, used in site response analyses for liguefaction
hazard analyses, as described in Sections 2.5.4.7.4 and 2.5.4.8.

SSAR Figure 2.5-54B(1) shows the HF horizontal hard rock response
spectrum-compatible time history that was developed, and SSAR
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Figure 2.5-54B(2) shows the LF horizontal hard rock response
spectrum-compatible time history. The average magnitude and distance
(M-bar and D-bar) values for the HF and LF target spectra are given in
SSAR Table 2.5-25. Based on these magnitude and distance values, two
horizontal seed input time histories were selected from the database of
Central and Eastern United States (CEUS) time histories given in SSAR
Reference 171. The seed time histories selected were:

" CEUS modified San Ramon - Kodak, 180 degree horizontal
component from the 1980 Livermore earthquake (hiqh-frequency
controlling earthquake).

" CEUS modified Kashmar, longitudinal component from the 1978
Tabas, Iran earthquake (low-frequency controlling earthquake).

Their 5%-damped response spectra were matched to the HF and LF
target spectra, respectively, satisfying the spectral matching criteria of
SSAR Reference 171.

These hard rock spectra and time histories do not include any effects
such as structure, embedment, or incoherence of seismic waves due to
basemat size.

Horizontal GMRS

Section 2.5.4.7 describes the subsurface shear wave velocity and related
material property information for the site. The GMRS soil and rock profile
is developed based on the provided data in the power block area which is
characteristic of the entire site. The BE shear-wave velocity profile is
determined from log-mean of profiles 1 and 2, as defined in
Section 2.5.4.7. The rock profile considered for the GMRS calculation
consists entirely of Zone Ill-IV and IV rock material which behave linearly
and are supported on the 9200 fps hard rock at BE Elevation of 145 ft.
Due to the linear characteristics of the considered rock column, there are
no confining effects from the soils above and the calculation of the GMRS
as a free field geologic outcrop is carried out by removing the top layers
above Elevation 250 ft consistent with the requirements of
DC/COL-ISG-17 (Reference 300-8). Figure 2.5-202b presents the
site-specific BE shear-wave velocity profile for the GMRS.

The computer program SPS is used to generate site-specific simulated
(randomized) soil profiles to represent the dynamic properties of the site
while considering the uncertainty associated with each of these
properties. The generation of the low-strain simulated soil profiles uses
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the input BE properties and their associated uncertainty. The uncertainty
is expressed in terms of statistical distribution, standard deviation (SD),
and correlation among engineering parameters.

Figure 2.5-202c presents the set of 60 shear-wave velocity simulated
profiles before including thickness variation, i.e., based on the BE
thicknesses provided for each soil layer. Note that this figure also
provides the randomized shear-wave velocities above Elevation 250 ft
which correspond to the structural fill described in Section 3.7.1 and are
removed before use for the purpose of GMRS calculation. Also note that
the log-average (simulated median) profile matches the input BE profile
very closely. Maximum and minimum bounds of twice the SD around the
BE are imposed to prevent unrealistic shear-wave velocity realizations.
Figure 2.5-202d presents the set of 60 shear-wave velocity simulated
profiles, including thickness variation, characteristic of the site conditions.
Note that while the simulated median profile matches the input BE profile,
it shows smoother transitions between the consecutive strata, which is
the result of the combination of shear-wave velocity and thickness
variation in the simulated profiles. For the purpose of site response
analysis, halfspace bedrock, where the input hard rock motion is applied,
is defined by a minimum shear-wave velocity of 9200 fps. Bedrock depth
varies across the site and is generally found at a depth of around 145 ft
from finished grade (refer to Section 2.5.4). The Zone Ill-IV and IV strata
are assigned strain-independent damping ratios, based on BE damping
ratios of 1 percent with a log-standard deviation of 0.6. This amounts to
damping values with one standard deviation range of 0.5 percent to
1.5 percent. The resulting low-strain damping ratio profiles are presented
in Figure 2.5-202e. This figure also provides the randomized damping
ratios above Elevation 250 ft which correspond to the structural fill
described in Section 3.7.1 and are removed before use for the purpose of
GMRS calculation.

The LF and HF input hard rock spectra are presented in Figure 2.5-202a.
The hard rock spectra are applied at bedrock having a shear wave
velocity of 9200 fps, and are propagated upward from bedrock to
Elevation 250 ft, through the set of 60 simulated profiles, representing the
site-specific conditions using the computer program P-SHAKE
(Reference 2.5-222).

P-SHAKE implements an equivalent-linear iterative approach similar to
SHAKE (References 300-2 and 300-9), where a number of iterations is
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needed to reach a converged solution. Since the rock profile considered
for GMRS calculation is entirely described by linear properties, the free
field 5 percent damping Acceleration Response Spectra (ARS), at the
GMRS control point (Elevation 250 ft) are computed without iterations at
the top of the truncated soil and rock columns as a geologic outcrop
motion consistent with the truncated soil column response (TSCR)
described in DC/COL-ISG-17 (Reference 300-8).

As input for site response analysis, the duration of the input motion is
specified as a parameter in P-SHAKE. The strong motion durations are
determined as a function of the magnitudes (M) of the LF and HF input
hard rock motions from Table 2.3-1 in ASCE 4-98 (Reference 300-1).
The magnitudes and corresponding durations are reported in
Table 300-202. An additional parameter required for P-SHAKE is the
effective strain ratio (equivalent uniform strain divided by maximum
strain), which is calculated as a function of earthquake magnitude, as
shown in Equation 300-1 (Reference 300-2). The resulting effective
strain ratios used in site response analysis are reported in
Table 300-202.

All spectra are calculated at 301 points equally spaced in log-scale in the
frequency range from 0.1 to 100 Hz (a period range of 0.01 to
10 seconds). The cut-off frequency of the P-SHAKE runs is 100 Hz. The
set of 60 simulated profiles results in a set of ARS at the selected
horizons. ARS amplification functions are calculated at the GMRS level,
by dividing the computed horizontal ARS at the GMRS horizon by the
ARS of the input hard rock motion. The natural logarithmic average of the
resulting ARS is calculated and that average is referred to as log-mean
ARS. Log-mean ARS amplification functions are calculated in the same
manner.

Figures 2.5-202f and 2.5-202g present the geologic outcrop ARS
amplification functions calculated at the GMRS horizon for the LF and HF
motions, respectively. In these figures, the thin gray lines designate the
response of the 60 individual profiles, while the thick red line designates
the log-mean response. The LF and HF log-mean ARS amplification
functions are presented together in Figure 2.5-202h. The resulting
5 percent damped geologic outcrop log-mean ARS at the GMRS horizon
along with the input bedrock HF and LF motions are presented in
Figure 2.5-202i.
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Finally, the horizontal GMRS is calculated by enveloping the LF and HF
5 percent damped log-mean ARS at the GMRS elevation and is
presented in Figure 2.5-202j along with the input bedrock HF and LF
motions. The response spectral values for the horizontal GMRS are
interpolated for a selected set of 38 frequency points as presented in
Figure 2.5-201 and tabulated in Table 2.5-201.

d. Development of Vertical SSE Spectra

NAPS ESP VAR 2.0-4 The first three paragraphs of Item d. in this SSAR section is-are
supplemented as follows with information to address the use of the V/H
ratios.

IWard Raok r% E Spo84Frum

The applicablo V/H ratio; from S22AR Rofo.nc. 171 used to dov.lop the
selocted Ycrtical GMVRS (5 pcrcont of critical damping) arc lasted in
Table 2.5 204. Thc "ortical GIMR i e "alculatod by multiplying the

orizornaqR; ,, R mpIDtuoo .a. cact ::rogucquey by theC appi:ccah wV,, r.aio
for that froguoncy. The soloctod horizontal and Yortical GMVRS aro plottedl
in Figuer 2.5 201 and tabulated in Table 2.5 201.

Vertical Hard Rock SSE Spectrum

The applicable V/H ratios used to develop the selected vertical hard rock
SSE spectrum (5 percent of critical damping) are listed in SSAR
Table 2.5-27. The vertical hard rock SSE spectrum is calculated by
multiplying the selected horizontal hard rock SSE spectral amplitude at
each frequency by the applicable V/H ratio for that frequency. The
selected horizontal and vertical spectra are plotted in SSAR
Figure 2.5-48 for the hard rock SSE.

Vertical GMRS

The horizontal GMRS spectral accelerations, V/H ratios, and vertical
GMRS spectral accelerations for the Elevation 250 ft hypothetical rock
outcrop control point are listed in Table 2.5-201. The vertical GMRS is
calculated by multiplying the selected horizontal GMRS spectral
amplitude at each frequency by the applicable V/H ratio for that
frequency from NUREG/CR-6728 (SSAR Reference 171). The horizontal
and vertical GMRS are plotted in Figure 2.5-201.
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NAPS COL 2.5(1)
NAPS ESP VAR 2.0-4

Table 2.5-201 Seleeted-Horizontal Ground Motion Response
Spectrum Amplitudes, V/H Spectral Ratios, and
Resulting Vertical Ground Motion Response
Spectrum Amplitudes at Selected Frequencies

Ner-00tal Vetieal-
F ~equoe GMR,-S4A QH114MRS-SAfw* wR.aie (0)

0-4 0.041 0-76 00309

0.6 040696 0-476 0.0446

Go46 9.9801 07T& 9.0692

0@2 029 07-6 000968

0 0229 04-6 0.0-72

0.4 0.37 04-6 0.263

04 0.460 0-6 00338

0. 0498 0-6 0.03-74

04 00644 046 0.0406

0 0.0684 0-6 0.94436

04.96W ~ 04-6 9.9463

4 9.66i 0-6 0.0488

4-2-6 04.824 04-6 0648

4-6 0G 046 0.7-69

.2 0.446 0476 9

2-6 0476 04-76 0-.134

3 .009 0-6 0Q.60

4 0•066 046 0.200

6 36i 0Q-76 0.263

6 0.406 046 0.04

7- 0.63 04z6 0.349

8 O.4O 046 0.374

00.39 0-476 0404

40 0678 04-6 0434

I

I
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NAPS COL 2.5(1)
NAPS ESP VAR 2.0-4

Table 2.5-201 Seleeted-Horizontal Ground Motion Response
Spectrum Amplitudes, V/H Spectral Ratios, and
Resulting Vertical Ground Motion Response
Spectrum Amplitudes at Selected Frequencies

F"eq e1R: GIM GA W -Spe GMR, -SA
(N* RaW (g*

42-.6 0.669 0~7T? 0.08

41-65 0.7-34 070k 04.7.8
2-0 046 04b 04-7

26 0430 08 04848

30 0.924 075 0.801

.6 0.07-8 0,75 06.04.

40 040084 40. 0.876

465 0.098 450.5 0.0097

g0 07.780 0.-4  0.8727

660 0.44 4-44 031

70 0.646 0745 0.06:1

g0 0.474 0.75 0.0337

400 0.07-4 4-0. 0.374

Fe~quency Horizontal. / S~pectral Vertical
[Hz]1 GMR-S fg Ratio1- GMRSgW

0.1 0.00414 0.75 0.00311

0.125 0.00598 0.75 0.00448

0.15 0.00807 0.75 0.00605

0.2 0.01295 0.75 0.00971

0.3 0.0230 0.75 0.01727

0.4 0.0339 0.75 0.0254

0.5 0.0451 0.75 0.0339

0.6 0.0502 0.75 0.0376
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NAPS COL 2.5(1)
NAPS ESP VAR 2.0-4

Table 2.5-201 Seleeted-Horizontal Ground Motion Response
Spectrum Amplitudes, VIH Spectral Ratios, and
Resulting Vertical Ground Motion Response
Spectrum Amplitudes at Selected Frequencies

FF~equoe~ GMRS SA WH ~ GMRS SA

0.7 0.0545 0.75 0.0409

0.8 0.0585 0.75 0.0439

0.9 0.0622 0.75 0.0467

1 0.0659 0.75 0.0494

1.25 0.0833 0.75 0.0625

1.5 0.1026 0.75 0.0769

2 0.1499 0.75 0.1124

2.5 0.1821 0.75 0.1366

3 0.210 0.75 0.1574

4 0.284 0.75 0.213

5 0.382 0.75 0.286

6 0.453 0.75 0.340

7 0.522 0.75 0.391

8 0.595 0.75 0.446

9 0.667 0.75 0.500

10 0.744 0.75 0.558

12.5 0.935 0.770 0.721

15 1.116 0.79b 0.879

20 1.337 0.83b 1.104

25 1.328 0.88 1.169

30 1.233 0.940 1.155

35 1.143 0.980b 1.121

40 1.101 1.040 1.148

45 1.077 1.10(b) 1.187
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NAPS COL 2.5(1)
NAPS ESP VAR 2.0-4

Table 2.5-201 al8eetea-Horizontal Ground Motion Response
Spectrum Amplitudes, VIH Spectral Ratios, and
Resulting Vertical Ground Motion Response
Spectrum Amplitudes at Selected Frequencies

F~eueey GMVRS SA WN4pO~
Ratio0

VWieal-
GMRS SA

50 1.049 1.12b 1.180

60 0.886 1.141 1.007

70 0.752 1.13Ub 0.848

80 0.648 1.09(bj 0.706

90 0.579 1.041b 0.600

100 0.535 1.00 0.535

a. From SSAR Reference 171
b. V/H ratios calculated by log-log interpolation
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NAPS COL 2.5(1) Figure 2.5-201 Horizontal and Vertical Ground Motion Response
NAPS ESP VAR 2.0-4 Spectra (GMRS)
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NAPS COL 2.5(1)
NAPS ESP VAR 2.0-4

Figure 2.5-201 Horizontal and Vertical Ground Motion Response
Spectra (GMRS)
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NAPS COL 2.5(1) Figure 2.5-202a Fi§Mwe 2.6-2-High-Frequency and Low-Frequency
NAPS ESP VAR 2.0-4 Hard Rock Horizontal Response Spectra
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Note: The envelope of these response spectra gives the horizontal GMRS in Figure 2.5-201.
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NAPS COL 2.5(1) Figure 2.5-202b Best Estimate Shear Wave Velocity Profile for GMRS
Calculation
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Note: The conversion from NAVD88 Datum elevations to NGVD29 datum elevations is +0.86 ft.
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NAPS COL 2.5(1) Figure 2.5-202c Low-Strain Shear-Wave Velocity for 60 Simulated
Profiles for GMRS Calculation Not Including
Thickness Variation (Halfspace at Vs = 9200 ft/sec)
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Note: The top 40 ft of backfill is removed in the TSCR analysis performed for calculation of GMRS.
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NAPS COL 2.5(1) Figure 2.5-202d Low-Strain Shear-Wave Velocity for 60 Simulated
Profiles for GMRS Calculation Including Thickness
Variation (Halfspace at Vs = 9200 Nsec)
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Note: The top 40 ft of backfill is removed in the TSCR analysis performed for calculation of GMRS.
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NAPS COL 2.5(1) Figure 2.5-202e Low-Strain Damping Ratio for 60 Simulated Profiles

for GMRS Calculation
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Note: The top 40 ft of backfill is removed in the TSCR analysis performed for calculation of GMRS.
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NAPS COL 2.5(1) Figure 2.5-202f Geologic Outcrop ARS Amplification Functions at
Elevation 250 ft NAVD88 for GMRS Calculation - LF
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NAPS COL 2.5(1) Figure 2.5-202g Geologic Outcrop ARS Amplification Functions at
Elevation 250 ft NAVD88 for GMRS Calculation - HF
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NAPS COL 2.5(1) Figure 2.5-202h Geologic Outcrop (TSCR) Log-Mean 5% Damped ARS
Amplification Functions for GMRS Calculation
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Note: In the legend, 40 ft refers to the depth with respect to the finished ground surface (Elevation 290 ft
NAVD88) at which the ARS amplification is calculated and it corresponds to Elevation 250 ft
NAVD88.
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NAPS COL 2.5(1) Figure 2.5-202i Geologic Outcrop Log-Mean 5% Damped ARS for
GMRS Calculation
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Note: In the legend, 40 ft refers to the depth with respect to the finished ground surface (Elevation 290 ft
NAVD88) at which the ARS amplification is calculated and it corresponds to Elevation 250 ft
NAVD88.
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NAPS COL 2.5(1) Figure 2.5-202j Horizontal GMRS
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3.7 Seismic Design
This section of the referenced DCD is incorporated by reference with the
following departures and/or supplements.

NAPS COL 3.7(20)
NAPS COL 3.7(6)
NAPS COL 3.7(5)

Replace the third paragraph in DCD Section 3.7 with the following.

The validity of the site-independent seismic design of the standard plant
structures for the site-specific seismic conditions is addressed in this
Section 3.7 and in Appendix 3NN. Foundation input response spectra
(FIRS), presented in Appendix 300 and Section 3.7.1.1, are developed
for the site-specific US-APWR plant configuration. SSI Input motions are
developed considering both the minimum response spectra that are
defined in Subsection 3.7.1.1 and the response spectra obtained from
the site-specific SSE ground motion response analyses. The FIRS are
derived by an analysis methodology which accounts for the upward
propagation of the SSE ground motion. The site-dependent (also referred
to herein as site-specific) GMRS, defined as a free-field hypothetical
outcrop at a h8rFiZ8,, Elevation 250 ft NAVD88 (250.86 ft NGVD29)
corresponding to 4afd-Zone III-IV rock with a shear wave velocity of
9,2"-4250 ft/s as discussed in Section 2.5.2, is developed following the
intent of Regulatory Guide 1.165 and Regulatory Guide 1.208. The
site-specific design SSE motions are defined in Subsection 3.7.1.1.

I

NAPS COL 3.7(21) Replace the *hifd-fourth paragraph in DCD Section 3.7 with the following.

For the site-specific seismic design of seismic category I and seismic
category II SSCs that are not part of the US-APWR standard plant, FIRS
included in Appendix 300 are derived from the site-specific SSE ground
motion in the same manner as the site-specific FIRS used for validation
of the standard plant structures.

NAPS COL 3.7(1) Replace the fifth paragraph in DCD Section 3.7 with the following.
NAPS COL 3.7(6)

The PGA and spectral shapes of the site-specific FIRS are not enveloped
by the US-APWR standard plant CSDRS. Exceedances of the CSDRS
are present in the mid- to high-frequency range. To confirm the suitability
of the US-APWR standard plant seismic designs for the site, validation
analyses compare the standard plant seismic design to the site-specific
seismic responses. The site-specific seismic responses are derived from
site-specific soil-structure interaction (SSI) analyses which use the

I
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site-specific soil properties and SSI Input motions. The analyses results
demonstrate that the standard plant seismic design of structural
components envelopes the responses from the site-specific seismic
analyses. The analyses are discussed further in Section 3.7.2.4.1.

NAPS COL 3.7(23) The site-specific SSI analyses show that the broadened in-structure
response spectra (ISRS) derived from the site-specific input motion are
not enveloped by the US-APWR standard plant ISRS. The evaluation
approach for the spectral exceedances in the mid- to high-frequency
range is discussed further in Sections 3.7.2.4.1 and 3.7.2.5, and
Sections 3.10 and 3.12.

3.7.1 Seismic Design Parameters

3.7.1.1 Design Ground Motion

I

NAPS SUP 3.7(1) Add the following before the first paragraph in DCD Subsection 3.7.1.1.

The site-specific seismic design ground motions are developed, as
described in detail in Appendix 300, for the following seismic category I
structures:

" Reactor Building Complex (R/B Complex); this includes the R/B, the
PCCV and the containment internal structure, which all rest on a
common basemat.

" East and West Power Source Buildings (PS/Bs)

" East and West Power Source Fuel Storage Vaults (PSFSVs)

" Ultimate Heat Sink Related Structures (UHSRS) A, B, C and D; each
of the four are composed of a basin, pump house cooling tower and
pipe room. The UHSRS Pipe Chase extends between UHSRS B
and C

" East and West Essential Service Water Pipe Tunnels (ESWPTs)

Note that while the R/B Complex and PS/B are included in the US-APWR
standard plant design, the PSFSV, UHSRS and ESWPT are site-specific
structures.

NAPS COL 3.7(1) Replace the second sentence of the first paragraph in DCD
NAPS DEP 3.7(1) Subsection 3.7.1.1 with the following.

The applicable site-specific PGA is greater than 0.3g for the horizontal
and vertical directions (refer to Figure 3.7-201 through Figure 3.7-208).

3-29 Revision 4 (Draft 03/16/11)
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NAPS COL 3.7(22) Replace the last sentence of the third paragraph in DCD

Subsection 3.7.1.1 "CSDRS" with the following.

Unit 3 seismic category I structures are founded on rock or concrete fill
on rock, and the ground motion at Unit 3 is characterized by a high
frequency content. The site-specific seismic GMRS and FIRS

demonstrate that there are high frequency exceedances of the CSDRS.
Site-specific seismic analyses, including SSI analyses, which consider
seismic wave transmission incoherence and analysis of the cumulative

absolute velocity (CAV) of the seismic input motion are described in
Section 3.7.2. The site-specific SSI analyses determine if high-frequency

exceedances of the CSDRS could be transmitted to SSCs in the plant
superstructure with potentially damaging effects.

NAPS 9611 3.7(2) Rcplaco the seend and third paragraphs in DCD Subscmtion 3.7.1.1
"Sito Spccwie GMRS" with the followng

Site spccific GIVRS Wrc dcvolopcd at a sufficiont number of frcquencicz
(at loast 25) that adequately roprcccnt the local and rcgional secicmie
haZa.d" uing the sito cpccific egleogi'al, coicmological, a•d
goophycical input data (Rofor to Table 2.5 201 and Figur 2.5 201). A.
probabilictic coismic hazard analyciG concidoring horizontal ground
motion modoic for contral and ocatcrn US8 gcoric hard rock (.ho.. wave
Yolocity of at Icact 0,200 fts) is perfeormod ccneFforing to guidanco in
RG 1.165. The horizontal GMVRS us dovolopcd as the froo surfaco motionm
at the hypothotical outcrop of tho hard rock horizan, 86 procotod in
Subsccctio 2.5.2.6.7. The Yortical GMVRS is dcveloped by combining tho
heorGizotal GMVRS and the YcrticalihoriEontal rccpenco cpectral ratioc from
NUREGiOR 6728 (RcfeoRenc 3.7 14),

Replace the last two sentences of the first paragraph in DCD
Subsection 3.7.1.1 "FIRS" with the following.

Free-field outcrop spectra of site-specific horizontal ground motions are
derived from the hard rock SSE spectra consistent with the horizontal
GMRS using site response analyses that consider the wave propagation
effects in the materials representing the Unit 3 site-specific conditions.
The methodology is described in detail in Appendix 300.
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vertical directions, respectively. The comparisons show that the
site-dependent GMRS and FIRS exceed the CSDRS in all cases in the
high frequency range of the spectrum. Note that the FIRS for the
site-specific seismic category I structures are also shown in
Figure 3.7-201 and Figure 3.7-202 for full-column outcrop motions, and
in Figure 3.7-203 and Figure 3.7-204 for the geologic outcrop motions.

A site-specific verification analysis of US-APWR standard plant seismic
category I structures is performed considering SSI effects, as described
in Section 3.7.2, and using the site-specific SSI Input motions, based on
the site-specific FIRS, which are described in detail in Appendix 300.
One set of full-column outcrop SSI Input motions (horizontal and vertical)
is developed for each of the RIB Complex, and the PS/B (based on the
envelope FIRS for the East and West units) for their analysis with
embedded foundations. The full-column outcrop SSI Input motions are
presented in Figure 3.7-205 and Figure 3.7-206 in the horizontal and
vertical directions, respectively. A second set for each of the R/B
Complex and the PS/B (based on the envelope FIRS for the East and
West units) is shown in Figure 3.7-207 and Figure 3.7-208 for the
geologic outcrop SSI Input motion in the horizontal and vertical
directions, respectively. The geologic outcrop SSI input motions are used
for the SSI analysis of the structures with surface foundations. Note that,
since the design of the R/B Complex and PS/B is covered by the
standard plant design, the minimum design response spectra required by
10 CFR 50, Appendix S, are not included in these motions, and are
considered in a separate SSI analysis, as described in Section 3.7.2.

NAPS SUP 3.7(2) Add the following before the first paragraph in DCD Subsection 3.7.1.1
NAPS ESP VAR 2.0-4 "OBE."

For the design of seismic category I SSCs that are not part of the
US-APWR standard plant, the site-specific SSI Input motions, including
minimum requirements, are developed based on the site-specific FIRS
for the ESWPT and UHSRS. Figure 3.7-209 and Figure 3.7-210 present
the SSI Input motions in the horizontal and vertical directions,
respectively. Note that the site-specific SSI Input motions for the PS/B
are adopted for the SSI analysis of the PSFSV, due to their proximity and
similar site conditions. As described in Appendix 3LL and
Reference 3.7-201, the minimum design response spectra required by
10 CFR 50, Appendix S for PSFSV is satisfied through SSI analysis of
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NAPS COL 3.7(20)

NAPS COL 3.7(25)

site-specific SSI Input motion for each 'structure is used and the
incoherency of the input motion is not considered. The SSI analyses and
results for the UHSRS, ESWPT, and PSFSVs are addressed in further
detail in Appendix 3LL.

Site-specific SSI analyses are required to confirm that the seismic
designs of the A/B and T/B are suitable for the site-specific seismic input
motion and the range of site-specific subgrade conditions, in accordance
with the guidance given in SRP 3.7.2.

Replace the first sentence of the third paragraph in DCD
Subsection 3.7.2.4.1 with the following.

The site-specific seismic response analyses address factors that affect
the response of the combined soil-structure dynamic system that include,
but are not limited to, the following.

Replace the last two sentences of the fifth paragraph in DCD
Subsection 3.7.2.4.1 with the following.

The value of Cv used to determine bounding values for all subgrade and
backfill shear moduli in the SSI analyses is at least 0.5, corresponding to
a well investigated site.

NAPS COL 3.7(8)
NAPS COL 3.7(25)
NAPS COL 3.7(26)
NAPS DEP 3.7(1)
NAPS DEP 3.7(2)

Replace the sixth, seventh, and eighth paragraphs with the following.

The SSI analyses use stiffness and damping properties of the subgrade
materials that are compatible with the strains generated by the
site-specific design earthquake which is based on the FIRS discussed in
Section 3.7.1.1. In accordance with guidance of SRP 3.7.2, the soil
material damping considered in Appendices 300 and 3NN does not
exceed 15%.

All standard plant and site-specific seismic category I and II buildings and
structures are founded on sound rock or on a layer of fill concrete placed
on the sound rock (Zone III and/or Zone III-IV rock as described in
Section 2.5.4 and SSAR (R9) Subsection 2.5.1.2.3). The R/B complex,
the PSFSVs, and the PS/Bs are founded completely on Zone Ill-IV
bedrock or on fill concrete placed on Zone III-IV bedrock.

The fill concrete has a minimum design compressive strength of
2,500 psi as stated in Section 2.5.4 and a best estimate shear wave
velocity of 7,000 ft/s as stated in Appendix 300. The fill concrete is
installed as a leveling layer and to fill the space between the basemat

I
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NAPS COL 3.7(4)

NAPS COL 3.7(5)

NAPS COL 3.7(6)

NAPS COL 3.7(7)

NAPS COL 3.7(8)

NAPS COL 3.7(9)

NAPS COL 3.7(10)

NAPS COL 3.7(12)

NAPS COL 3.7(13)

NAPS COL 3.7(14)

3.7(4) Damping values for site-specific ISRS

This COL item is addressed in Subsections 3.7.1.2 and 3.7.2.4.1.

3.7(5) Horizontal FIRS, Vertical FIRS, and Minimum Response
Spectra

This COL item is addressed in Subsections 3.7 and 3.7.1.1, and
Appendix 300.

3.7(6) Site-specific GMRS and FIRS

This COL item is addressed in Sections 2.5.2, 3.7, 3.7.1.1, 2-.&2 - and
Appendix 300.

3.7(7) Allowable dynamic bearing capacity

This COL item is addressed in Subsections 3.7.1.3, 2.5.4.10, and
Table 3.8-202.

3.7(8) Strain-dependent variation of material dynamic properties

This COL item is addressed in Subsection 3.7.2.4.1.

3.7(9) Failure or collapse of non-seismic category I structures

This COL item is addressed in Subsection 3.7.2.8.

3.7(10) Structure-to-structure interaction

This COL item is addressed in Subsection 3.7.2.8.

3.7(11) Deleted from the DCD

3.7(12) Liquid-retaining metal tanks

This COL item is addressed in Subsection 3.7.3.9 and Appendix 3LL.

3.7(13) Value of OBE to define criteria for shutdown

This COL item is addressed in Subsection 3.7.1.1.

3.7(14) Seismic instrumentation at multiple-unit site

This COL item is addressed in Subsection 3.7.4.3.

I
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NAPS COL 3.7(16)

NAPS COL 3.7(19)

NAPS COL 3.7(20)

NAPS COL 3.7(21)

NAPS COL 3.7(22)

NAPS COL 3.7(23)

NAPS COL 3.7(24)

NAPS COL 3.7(25)

NAPS COL 3.7(26)

NAPS COL 3.7(27)

3.7(15) Deleted from the DCD

3.7(16) Seismic monitors and need for free-field motion sensors

This COL item is addressed in Subsections 3.7.4.1 and 3.7.4.2.

3.7(17) Deleted from the DCD.

3.7(18) Deleted from the DCD.

3.7(19) Site-specific details of seismic instrumentation
implementation plan

This COL item is addressed in Subsection 3.7.4.6.

3.7(20) Standard plant for site-specific conditions

This COL item is addressed in Sections 2.5.2, 3.7, 3.7.2.2, 3.7.2.4.1,
Appendix 3NN, and Appendix 300.

3.7(21) Seismic design of non-standard plant SSCs

This COL item is addressed in Subsection 3.7 and Appendix 3LL.

3.7(22) High seismic areas

This COL item is addressed in Subsections 3.7, 3.7.2.4.1 and 3.7.2.5,
and Appendix 3NN.

3.7(23) Broadened ISRS and lateral soil pressure

This COL item is addressed in Subsection 3.7.2.4.1 and Appendix 3NN.

3.7(24) Site-specific uniform hazard response spectra

This COL item is addressed in Subsection 3.7.1.1.

3.7(25) SSI analysis of RIB-PCCV-containment internal structure

This COL item is addressed in Subsection 3.7.2.4.1 and Appendix 3NN.

3.7(26) SSI effects for non-standard plant structures

This COL item is addressed in Subsection 3.7.2.4.1 and Appendix 3LL.

3.7(27) Seismic analysis of dams

This COL item is addressed in Subsections 3.7.2.13 and 3.7.3.8.

I
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NAPS COL 3.7(2)
NAPS COL 3.7(5)
NAPS DEP 3.7(1)

Figure 3.7-203 GMRS and Geologic Outcrop FIRS at Bottom of
Basemat - Horizontal

3-88 Revision 4 (Draft 03/17/11)
TBD 2011



Serial No. NA3-10-035RA
Docket No. 52-017
RAI 02.05.02-1
Page 47 of 62

North Anna 3
Combined License Application

Part 2: Final Safety Analysis Report

NAPS COL 3.7(2)
NAPS COL 3.7(5)
NAPS DEP 3.7(1)

Figure 3.7-203 GMRS and Geologic Outcrop FIRS at Bottom of
Basemat - Horizontal

3-89 Revision 4 (Draft 03/17/11)
TBD 2011



Serial No. NA3-10-035RA
Docket No. 52-017
RAI 02.05.02-1
Page 48 of 62

North Anna 3
Combined License Application

Part 2: Final Safety Analysis Report

NAPS COL 3.7(2)
NAPS COL 3.7(5)
NAPS DEP 3.7(1)

F*-1.80 T-n.

Figure 3.7-204 GMRS and Geologic Outcrop FIRS at Bottom of
Basemat - Vertical

1
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NAPS COL 3.7(2)
NAPS COL 3.7(5)
NAPS DEP 3.7(1)

Figure 3.7-204 GMRS and Geologic Outcrop FIRS at Bottom of
Basemat - Vertical
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NAPS COL 3.7(5)
NAPS COL 3.7(24)
NAPS COL 3.7(30)
NAPS DEP 3.7(1)
NAPS SUP 3.7(2)
NAPS SUP 3.7(3)

Appendix 300 Site Response Analysis and Development of
SSI Analysis Input

This appendix describes the development of the seismic design ground
motions and the strain-compatible soil profile properties, which are used
in the Soil-Structure Interaction (SSI) analysis of the following seismic
category I structures:

• Reactor Building Complex (R/B Complex); this includes the R/B, the
PCCV and the containment internal structure, which all rest on a
common basemat

" East and West PS/B

" East and West PSFSV

" UHSRS A, B, C and D

" East and West ESWPT

Note that while the R/B Complex and PS/B are included in the US-APWR
standard plant design, the PSFSV, UHSRS and ESWPT are site-specific
structures.

Section 300.1 describes the development of the Foundation Input
Response Spectra (FIRS) and the resulting SSI Input motions, and SSI
soil profiles. The soil amplification functions are developed in accordance
with Approach 2 in NUREG/CR-6728 (Reference 300-6), through
seismic site response analysis using the Low Frequency (LF) and High
Frequency (HF) hard rock motions, presented in Section 2.5.2.6, and the
soil profile properties, presented in Section 2.5.4.2. The LF and HF hard
rock spectra are dorivcd from the Ground Motion Rocponcc Spoctr3
(GMRS),-defined in Section 2.5.2.6.

The development of the SSI soil property profiles is described in
Section 300.2. The acceleration time histories that are applied at the
foundation of the structures in the SSI analysis are presented in
Section 300.3. Section 300.4 presents a list of the references.

300.1 FIRS and SSl Input Motions

The Unit 3 site includes several seismic category I structures founded at
different elevations. Table 300-201 presents the embedment elevations
and depths of these structures. Note that all elevations are based on the
NAVD88 datum with design plant grade at Elevation +290 ft (+290.86 ft

I
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based on NGVD29). The design ground water table information is
provided in Section 2.4.12.

The generation of low-strain, site-specific, simulated soil property profiles
is described in Section 300.1.1, the site response analysis is described
in Section 300.1.2, and the calculation of FIRS is presented in
Section 300.1.3. For site-specific structures, the FIRS are augmented
with the Certified Seismic Design Response Spectra (CSDRS) scaled to
a Peak Ground Acceleration (PGA) of 0.1g. The CSDRS scaled to a PGA
of 0.1g satisfies the minimum design response spectra requirements as
described in 10 CFR 50, Appendix S (Reference 300-5). The SSI Input
motions are obtained from the FIRS following the guidance of ISG-017
(References 300-8 and 300-4).

The development of the smooth SSI Input motions, satisfying 10 CFR 50,
Appendix S, is described in Section 300.1.4.

300.1.1 Dynamic Soil Profile and Stochastic Simulation

As described in Section 2.5.4.2, the upper in situ soil is characterized as
residual clays and clayey silts (Zone I) which is scarce across the site
and will be removed. This zone is followed by saprolite (Zone IIA and
Zone IIB), followed by rock which is classified into three zones: Zone III
(weathered rock), Zone Ill-IV (moderately weathered to slightly
weathered rock) and Zone IV (slightly weathered to fresh rock). The
extent of excavation at the location of each structure is described in detail
in Section 2.5.4.5. Structural backfill is used on the sides of all the
Seismic Category I structures.

The computer program SPS is used to generate site-specific simulated
(randomized) soil profiles to represent the dynamic properties of the site
while considering the uncertainty associated with each of these
properties. The generation of the low-strain simulated soil profiles uses
the input Best Estimate (BE) properties and their associated uncertainty.
The uncertainty is expressed in terms of statistical distribution, standard
deviation (SD), and correlation among engineering parameters.

Section 2.5.4.2 provides the static and dynamic soil properties including
shear wave velocity profiles, soil layer thicknesses, unit weights,
Poisson's ratios, as well as strain-dependent property curves and
damping ratios. The properties of the different soil, rock and concrete
layers under each structure provide the BE properties and an estimate of
the variation of these properties. Profile simulation accounts for the
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variation of the shear wave velocities, damping ratios, strain-dependent

property curves, as well as the thicknesses of the different layers to
generate the simulated profile sets for the considered structures.

In the case of the RIB Complex, profiles 1 and 2, as defined in
Section 2.5.4.2, are combined by taking their log-mean and augmenting it
with backfill properties for the top 40 ft to develop the BE profile.
Figure 300-201 presents the site-specific BE shear-wave velocity profile
for the R/B Complex. Note that the concrete fill, starting at a depth of
40 ft, has a BE shear-wave velocity of 7000 ft/sec, while backfill
properties are used in the top 40 ft. Figure 300-202 presents the set of
60 shear-wave velocity simulated profiles before including thickness
variation, i.e. based on the BE thicknesses provided for each soil layer.
Note that the log-average (simulated median) profile matches the input

BE profile very closely. Maximum and minimum bounds of twice the SD
around the BE are imposed to prevent unrealistic shear-wave velocity
realizations. Figure 300-203 presents the set of 60 shear-wave velocity
simulated profiles, including thickness variation, representing the site
conditions under the R/B Complex. Note that while the simulated median
profile matches the input BE profile, it shows smoother transitions

between the consecutive strata, which is the result of the combination of
shear-wave velocity and thickness variation in the simulated profiles. For
the purposes of site response analysis, halfspace bedrock, where the
input hard rock motion is applied, is defined by a minimum shear-wave

velocity of 9200 ft/sec. Bedrock depth varies across the site and is
generally found at a depth of around 145 ft from finished grade (refer to
Section 2.5.4).

As described in Section 2.5.4.2, the structural backfill, in situ saprolite,
and Zone III rock are each assigned a set of strain-dependent property
curves (shear modulus degradation and damping), while concrete fill,
Zone IllI-IV rock, and Zone IV rock are assigned linear properties
(strain-independent shear modulus and damping). Figure 300-204
presents the simulated strain-dependent property curves for the top
structural backfill layer of the R/B Complex site (referred to as Fill1). In
these plots, the BE and simulated median are compared, as well as the
input log-standard deviation (Input SD) and simulated log-standard
deviation (Simulated SD). Maximum and minimum bounds of twice the
SD around the BE are imposed on the strain-dependent property curves.
Note that damping curves, in Figure 300-204, are truncated at a
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maximum of 15 percent as described by SRP Section 3.7.1
(Reference 300-7), which explains the discrepancy between input and
simulated properties once that upper limit is reached. The damping
truncation at 15 percent is a conservative measure with respect to the
subsequent use of the curves in site response analysis. The remaining
strata (concrete fill, Zone IIl-IV rock, and Zone IV rock) are assigned
strain-independent damping ratios, based on BE damping ratios of
1 percent with a log-standard deviation of 0.6. This amounts to damping
values with one standard deviation range of 0.5 percent to 1.5 percent.
The resulting low-strain damping ratio profiles are presented in
Figure 300-205.

The soil profile simulation is conducted in the same manner to represent
the site conditions under the other considered structures. As in the case
of the R/B Complex, each set of simulated profiles is based on the
site-specific BE profile for that particular structure, including the
site-specific thicknesses of the different strata. The strain-independent
and strain-dependent damping ratios are assigned for each stratum

based on the soil classification of the stratum.

Figure 300-206 presents the BE shear-wave velocity profiles for the
East and West PS/B, which are taken to represent the site conditions
under the PSFSV given the proximity and similar conditions of the two
structures. Note that the foundation elevation of the east PS/B is modeled
at a depth of 40 ft, compared to a depth of 39 ft for the west PS/B, as
described in Table 300-201. The BE shear-wave velocity profile for the
East PS/B below Elevation 250 ft NAVD88 (250.86 ft NGVD29) (40 ft
depth) exactly matches the GMRS shear wave velocity profile described
in Section 2.5.2.5. Figure 300-207 presents the BE shear wave velocity
profiles for the four UHSRS, and Figure 300-208 presents the BE shear
wave velocity profiles for the East and West ESWPT. The South segment

of the ESWPT is modeled as part of or using the same input to the SSI
analysis of the PS/B, or the PSFSV according to the locations of various
parts of that segment, as described in Section 3.7.2, therefore alleviating

the need for the generation of the corresponding simulated soil profile
sets. The BE shear wave velocity profile for the UHSRS Pipe Chase is
presented in Figure 300-208. Note that the UHSRS Pipe Chase is the
only structure which includes in situ soils (saprolite) near the sides of the
chase as part of its BE profile, due to the limited excavation/backfill
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around the UHSRS Pipe Chase. The in situ soils are there fore modeled
for the free-field site response analysis (refer to Section 3.7.2).

300.1.2 Site Response Analysis

The LF and HF input hard rock spectra are presented in
Section 2.5.2.6.7, Fgi.Wr2e.5 202-Figure 2.5-202a. The hard rock spectra
are applied at bedrock having a shear wave velocity of 9,200 ft/sec, and
are propagated from bedrock to the ground surface, through the sets of
60 simulated profiles, representing the site-specific conditions under
each structure, using the computer program P-SHAKE.

As input for site response analysis, the duration of the input motion is
specified as a parameter in P-SHAKE. The strong motion durations are
determined as a function of the magnitudes (M) of the LF and HF input
hard rock motions, from Table 2.3-1 in ASCE 4-98 (Reference 300-1).
The magnitudes and corresponding durations are reported in
Table 300-202. An additional parameter required for P-SHAKE is the
effective strain ratio (equivalent uniform strain divided by maximum
strain), which is calculated as a function of earthquake magnitude, as
shown in Equation 300-1 (Reference 300-2). The resulting effective
strain ratios used in site response analysis are reported in
Table 300-202.

Effective Strain Ratio = (M-1)/10 Equation (300-1)

P-SHAKE implements an equivalent-linear iterative approach similar to
SHAKE (References 300-2 and 300-9), where a number of iterations is
needed to reach a converged solution. The free field 5 percent damping
Acceleration Response Spectra (ARS), at the ground surface and at the
bottom of foundation elevations, are computed as full-column outcrop
motions through analysis of the full soil column up to the ground surface.
The full-column outcrop motions are suitable for developing the SSI Input
motion when the considered structure is modeled in the SSI analysis as
embedded.

It should be noted that the R/B Complex, PS/B and PSFSV are analyzed
assuming both embedded and surface foundations. The UHSRS are
analyzed as surface founded structures, except for the UHSRS Pipe
Chase which is analyzed with embedded foundation; while the east and
west segments of the ESWPT are analyzed as embedded structures.
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LF rock motions are used for the site response analysis for all considered
structures.

The PS/B ARS at the foundation level are calculated in the same manner
and the log-mean full-column outcrop and geologic outcrop ARS are
presented in Figure 300-217 and Figure 300-218, respectively for the
east PS/B. Figure 300-219 and Figure 300-220 present the
corresponding plots for the west PS/B. Note that the ARS developed for
PS/B are also applicable to the PSFSV (including the adjacent ESWPT
segment) due to their proximity and similar soil column profiles, and given
the SSI analysis approach for PSFSV, which includes the concrete fill
below PSFSV basemat extended to the foundation elevation of PS/B.

In the case of the four UHSRS, only geologic outcrop ARS are
calculated, to be consistent with their SSI analysis as surface founded
structures. The developed ARS for the four UHSRS are presented in
Figure 300-221.

For the ESWPT, the full-column outcrop ARS at foundation level and at
round surface are presented in Figures 300-222 and 300-223 for the
East and West ESWPT segments, respectively. Figure 300-224
presents the full-column outcrop ARS at foundation level and at ground
surface for the UHSRS Pipe Chase.

The P-SHAKE runs provide the strain-compatible shear wave velocities
and damping ratio profiles (presented in Section 300.2) as well as the
maximum strains within each soil layer. Figure 300-225 presents the
log-mean maximum strain profiles for the R/B Complex. With the
exception of the backfill layers (above the foundation elevation), the
computed maximum strains are small (less than 0.002 percent) which
confirms the adequacy of the strain-independent properties for the
concrete fill and in situ rock layers. Similarly small strain levels, with the
exception of backfill and saprolite layers, are computed for all considered
structures.

300.1.3 FIRS Calculation

The horizontal performance-based surface response spectra (PBSRS)
are calculated by enveloping the LF and HF log-mean 5 percent damping
ARS at finished grade. Similarly, the horizontal Foundation Input
Response Spectra (FIRS) are calculated by enveloping the LF and HF
log-mean 5 percent damping ARS for the horizon of interest.
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The horizontal PBSRS and FIRS are scaled by an appropriate V/H
scaling function to obtain the corresponding vertical PBSRS and FIRS.
For this calculation, the V/H function is that presented in Section 2.5.2.6
(Table 2.5-201).

Figure 300-226 presents the horizontal FIRS calculated as full-column
outcrop motions for the RIB Complex, as well as the East and West
PS/B, while Figure 300-227 presents the corresponding vertical spectra.
Similarly, Figure 300-228 and Figure 300-229 present the horizontal
and vertical FIRS, respectively, for these structures calculated as

geologic outcrop motions. The horizontal and vertical geological outcrop
FIRS calculated for the East PS/B are exactly the same as the horizontal

and vertical GMRS described in Section 2.5.2.6.7. The CSDRS, which is
also shown in these figures, is clearly exceeded by the site-dependent
FIRS in the high frequency range. A site-specific SSI analysis is therefore
performed, as documented in Section 3.7.2, in order to validate the
US-APWR for installation at the Unit 3 site.

In the case of the UHSRS, which are analyzed as surface founded

structures, only geologic outcrop FIRS are needed, except for the
UHSRS Pipe Chase which is analyzed with embedded foundation. The
responses of UHSRS A, B and C are enveloped to yield one set of FIRS,
in addition to another set for UHSRS D. Figure 300-230 presents the
geologic outcrop FIRS for the UHSRS in the horizontal and vertical
directions, in addition to the horizontal and vertical CSDRS scaled to a
PGA of 0.1g representing the minimum requirements for the design
ground motion response spectra.

In the case of the ESWPT and the UHSRS Pipe Chase, which are

analyzed with embedded foundations, only full-column outcrop FIRS are
needed. Figure 300-231 presents the full-column outcrop FIRS for the
East and West ESWPT, and the UHSRS Pipe Chase in the horizontal

direction, in addition to the horizontal CSDRS scaled to a PGA of 0.1g
representing the minimum requirements for the design ground motion.
Figure 300-232 presents the corresponding vertical spectra.

The PBSRS at the location of the considered structures are presented in
Figure 300-233 and Figure 300-234.

300.1.4 SSI Input Motions

To develop the SSI Input motions starting from the calculated FIRS, the
"NEI check" described below is performed for all full-column outcrop
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Part 7: Departures Report

I Departures

Introduction

A departure is a plant-specific deviation from design information in a standard design certification
rule. Departures from the reference US-APWR Design Control Document (DCD) are identified and
evaluated consistent with regulatory requirements and guidance. Each departure is examined in
accordance with 10 CFR 52 requirements. Although the US-APWR Design Certification Application
is currently under review with the NRC, departures are evaluated using the guidance in Regulatory
Guide (RG) 1.206, Section C.IV.3.3.

It is anticipated that the final certification rulemaking for the US-APWR would have the same
change process requirements as that in the current appendices to 10 CFR 52. References in this
Part to the Design Certification Rule are understood to mean Appendix "X" to 10 CFR 52 once the
US-APWR rulemaking is final, where "X" refers to the appendix number assigned by the NRC at the
time of rulemaking.

The departure evaluation summaries provided in this Part refer to both DCD Tier 1 and Tier 2
content. Unless otherwise noted, "DCD" refers to US-APWR DCD Tier 2 information. References in
this Part to Tier 1 information are noted explicitly as "DCD Tier 1."

The following departures are summarized in this report:

NAPS DEP 2.0(1): Maximum Non-Coincident Wet Bulb Temperature

RAI 02.03.04-2 S1 R1 NAPS DEP 2.3(1 ):

NAPS DEP 3.7(1):

RAI 02.05.02-1 NAPS DEP 3.7(2):

NAPS DEP 3.7(3):

NAPS DEP 8.2(1):

NAPS DEP 9.2(1):

NAPS DEP 9.2(2):

NAPS DEP 9.5(1):

NAPS DEP 10.2(1):

NAPS DEP 10.4(1):

NAPS DEP 14.2(1):

m m i A I a • m. . A . _

Main G914481 Reoo Atmoc49phcrle 066pefrclon Factorc, Sourco to Rocoptor
Dictancc DetorminOation

Seismic Spectra Exceedance

Site Amplification Fu.ctioc% and Site Response Analysis

MNES Improvements to Seismic Analysis Methods

Clarification of GDC 2 and 4 Applicability for Off-Site Power

Replacement of Boron Recycle System with a Degasifier Subsystem

Non-Essential Service Water Temperature, Design Service Water
Temperature

Power Source Fuel Storage Vault Elevation

Main Turbine Type Change

Main Condenser Type Change

Initial Plant Test Program (ITP) Administration

I
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Departure: NAPS DEP 3.7(2) - S.it Amplif:o-ati.n F'
Response Analysis

unot" ... andSite I

1. Summary of Departure

The DCD specifies how a cite amplification function m.•ut bo dotormined and how the site response

analysis must be performed. The Unit 3 FSAR clarifies that certain DCD requirements do not apply
to development of tho Unit 3 G.MRS or to the derivation of the free-field outcrop spectra of
site-specific horizontal ground motions. This clarification requires a departure from DCD Tier 2
information.

2. Scope/Extent of Departure

This departure is identified in FSAR Scctions 2.5 and FSAR Section 3.7.

3. Departure Justification

a. Weo of Hard Reek Cond~itine to define 6nitS GMRS. DOD Soction3..11 undcr Sito Epeef
GMRS, indicates that horizontal GMRS arc dovelopod using a site amplification function obtained
from site rocpense analyses perfomcd on site speeific coil p t lude the layerc of coil
andI rock oere the goncric rock doefinod as the rock wioth c-hoA-R waye voeceit,' exceeding 0200 ft'c.
This DCD coetinA that COL applieantc would perform thiG portion of the coicmic analy

only in the mnanneFrpepoifiod in the DOD. However, arc d66019b61 in FSGAR Section 2.5.2 and in the
Request for Variance fromR the EiSPL, VAR 2.0 4 (Section 3), hard rock conditions (with a chear wayc
velocity emceeding 0200 Wsece) arc at a depth of about 116 feet from-R finished grade. In addition, the
hard rock eenditionc are consistent with the ground moetion attenuation rolationc used inthe
site speeifee probabilictie seicmic. hazard analysis (PSHA). Thic hard rock hokrio, which icwell
below the foundation lovclG of all safcty relatcd otructures, is used to define the Unit 3 GMRS.
Thcreforo, for thc PUrpoce of defining the GIVRS, the site amplification analysir. w .as not requirod.
However, ac, deFibed in EAR Section 3.7, thc Yoci ae trancm'icc5ion eharactorictiec of the
cite Were concidorod inthe devolopment of the amplification of the GIVRS hard reck ground
moetienc at the higher elovationc to obtain the site sepoific foundation input rocpenco cpectra

la--Considerations of Material Relative to the Control Point. DOD Section 3.7.1.1 alsee-identifies
(under FIRS) that the free-field outcrop spectra of site-specific horizontal ground motion are derived
from the horizontal GMVRS using site response analyses that consider only the wave propagation
effects in materials that are below the control point elevation at the bottom of the basemat.
Derivation of horizontal FIRS, as described in FSAR Section 3.7.1, is consistent with the
development of the horizontal GMRS, where both FIRS and GMIRS are derived from hard reck Safe
Shutdown Earthquake (SSE) spectra described in FSAR Section 2.5.2, using site response
analyses that consider the vertical wave propagation effects. This DOD section does not allow that
material present above the control point elevation to be included in the site response analysis. In
soil-structure interaction (SS1) analysis, structures can be analyzed with surface or embedded

I

I
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foundations. As described in FSAR Section 3.7.2, the site-specific SSI analyses of the different

Seismic Category I structures consider one or both of the SSI modeling approaches. In the case
where the structures are analyzed as embedded, the free-field outcrop spectra are developed at the

foundation level from site response analysis of the full height soil column, which requires
consideration of the material above the bottom of the basemat. In the case where the structures are
analyzed as surface founded, the free-field outcrop spectra are developed as geologic outcrop

spectra from truncated soil column response (TSCR) analysis. The TSCR analysis approach, as

described in NRC Interim Staff Guidance DC/COL-ISG-017, requires the consideration of the
effects of the material above the bottom of the basemat. The methodology is described in detail in

FSAR Appendix 300.

4. Departure Evaluation

This departure provides clarification that certain DCD requirements do not apply to deVelepmn,•tcf

the Unrt 3 GMRS or to the derivation of the free-field outcrop spectra of site-specific horizontal
ground motions. This departure has been evaluated and determined to require prior NRC approval

in accordance with the Design Certification Rule, Section VIII.B.5.

This departure does not affect resolution of an ex-vessel severe accident design feature identified

in the DCD.

This departure does not modify design features and functional capabilities that are supported in a
required assessment of a DCD design regarding aircraft impact hazards (i.e., as required by

10 CFR 50.150(a)(1)).

Departure: NAPS DEP 3.7(3) - MNES Improvements to Seismic Analysis Methods

1. Summary of Departure

Certain changes have been made in the methodology and models used for the USAPWR standard
plant seismic analyses, which affect the NRC review of the USAPWR application for design

certification. These changes, applicable to the standard plant design analysis, including

soil-structure interaction analysis, were submitted to the NRC in MHI Technical Report
MUAP-1 0001 (Reference 1). The associated analysis results for the standard plant seismic design

were provided to the NRC in MHI Technical Report MUAP-10006 (Reference 2).

The changes described in the above referenced technical reports will serve as the basis for a
subsequent DCD revision as stated in MHI responses to NRC Requests for Additional Information 1

on the seismic design basis analyses. The analysis methods described in these reports are
applicable to the Unit 3 FSAR analyses. In that the DCD has not yet been revised to incorporate the
changes addressed in the referenced reports, the use of these improved analyses methods

1. Relevant NRC questions are identified, along with MHI resolutions, in MUAP-10001.
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Variance: NAPS ESP VAR 2.0-3 - Hydraulic Gradient

Request

This is a request to use the Unit 3 hydraulic gradient value provided in FSAR Section 2.4.12.1.2
rather than the corresponding ESP value in FSER Supplement 1, Appendix A and in
SSAR Table 1.9-1. The Unit 3 value does not fall within (is larger than) the ESP and SSAR value.

SSAR Section 2.4.12.1.2 states that there is a hydraulic gradient toward Lake Anna of about 3 m
per 100 m (3 ft per 100 ft). The corresponding Unit 3 hydraulic gradient in FSAR Section 2.4.12.1.2
is calculated to be 5 ft per 100 ft.

The variance in hydraulic gradient results from the use of additional groundwater data collected
from the Unit 3 subsurface investigation.

Justification

The variance in hydraulic gradient is acceptable because compliance with 10 CFR 20 is
demonstrated in FSAR Section 2.4.13 with the use of the higher hydraulic gradient of 5 ft per 100 ft
to evaluate radionuclide concentrations as a result of a postulated accidental release of liquid
effluents in the groundwater pathways.

Variance: NAPS ESP VAR 2.0-4 - Vibratory Ground Motion

Request

This is a request to use the Unit 3 horizontal and vertical spectral acceleration (q) values for the
ground motion response spectra (GMRS) for Unit 3 dofinod at the hard rock h,•,iZ. (With a GeaF
wa.. Y.locity . f 0200 ftncoc or grcatcr) at the top of a hypothetical outcrop under the reactor
building (R/B) complex and power source buildings (PS/Bs rather than at thc top of compotont rock
(Zono 111 WV) ac, in the FESP and SSAR. FSAR Soction 2.5.4 diccuccoc the Yariability of rubcurfaco
mfatorialrc and corrocpending choar Wavo Yolocitioc acrocc tho Unit 3site, Warranting the Fe dofining
of the GPDRS at the hard rock io, co,'tn with o P 2.. hypothetical rock outcrop
control point safe shutdown earthquake (SSE) spectrum at the top of Zone Ill-IV as presented in the
ESP and SSAR. The Unit 3 SSE v'aluc at the hard rock hriz-on values do not fall within (are "
same- as slightly larger than) the ESP and SSAR values at the hard rock horizon. Ho-.'v.or, the
changc in dofinition for the conrol poiAt for dofiRing thc GMRS O ic a warianc fo•m tho ESP Figuro 2
and SSAR Figure 2.6 I.A frequencies less than 6 Hz for both the horizontal and vertical spectra,
as shown in FSAR Tables 2.0-202 and 2.0-203.

The variance te changc the oonRol point recUMt fromA the need to use the Rngnc0in properties of
the cubsupfacoe matoriale abovo tho hard rock horizon to deyolop tho foundation input rocponco,

•po8eta (FIRS), ac doccribod in F.AR Soction 3.7, concicteot with the GMRS. Ac it ics now not
needed to dofnoe the GMRS in FGAR Soction 2.6.2, information providod in SSAR Sootion 2.5.2.5,
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rolatd t alys.L of subsurfac mnatorial, abovc the hard rock horizon, is Fmod from

SSAR Soction 2.5.2 to FSAR Sectioni 3.7.

The Unit 3 site-specific horizontal and vertical GMRS at the hard rock horizon at a depth of about
1156 foot from fi•ni•hd gFado, as d...ribod in FSAR Sootion 2.6.'.7.1-a" , Elevation 250 feet
(NAVD88) are plotted in FSAR Figure 2.5-201. The corresponding ESP SSE spectra at
Elevation 250 feet (NAVD88) are provided in SSAR Figure 2.5 418 FSER Supplement 1
(NUREG-1 835, Supplement 1), Appendix A, Figure 2, and in SSAR Figure 2.5-48A. The '.t 3
FGAR and ESP!SSAR rocpenco spcctra aro tho sameo, oxcopt that the Unit 3 figuro provfidcc
38 •eogu..i.. wholo the ESP figuro pr..ide. 21 froFueonci&. FSAR Figure 2.0-206 compares the

Unit 3 and ESP horizontal response spectra. FSAR Figure 2.0-207 compares the Unit 3 and ESP
vertical response spectra. FSAR Tables 2.0-202 and 2.0-203 show that some Unit 3 values below
6 Hz exceed the corresponding ESP values by a small amount. There are 38 frequencies used for
the Unit 3 spectra while 21 frequencies were used for the ESP spectra.

This variance in spectral acceleration (g) values results from the use of the additional data from the
Unit 3 subsurface investigation which provided the seismic wave transmission characteristics of the
materials specifically applied to the Unit 3 Seismic Category I R/B complex and PS/Bs.

The development of the Unit 3 horizontal and vertical spectral acceleration (g) values for the GMRS
at a hypothetical outcrop at elevation 250 feet (NAVD88) used the site response analysis program
P-SHAKE, rather than SHAKE2000, which was used in the SSAR evaluations. Operating
exclusively in the frequency domain, P-SHAKE uses power spectral density functions derived from
input rock response spectra in lieu of earthquake time histories matched to those same rock
response spectra and then used as input to SHAKE2000 as was done in the SSAR analysis.
Simulating the effect of numerous input spectrally-matched time histories, the methodology used in
P-SHAKE derives a more robust consideration of the variability of input ground motions, and the
resulting smooth output ground motions did not require a post-process fitting function as was used
to smooth the ground motions for the top of Zone Ill-IV SSE in the SSAR analysis.

This variance also includes moving the definition of the operating basis earthquake (OBE) from
SSAR Section 2.5.2 to FSAR Section 3.7 in order to facilitate compatibility with OBE
instrumentation which records free-field ground motions at grade.

Justification

The .a.i.. ORo inth GIVRS control 6 poAint lo'ation i juctified givon the additional ,ub,•.faco
inRfoFrmati• n obtainod a•+ft the SSAR was proparcd, as well as the idontification and . pocifoiatio, et
the Yariouc Soicmio Catogor'; 1 trucWturoc above and bolow the depth of the top of Zone 111 IV,--a
hForizo of com:potont mfaterial concidorod in the SSAR. ESAR Section 2.5.4 diccuccoc netablo
variability acreec the Unit 3 cito of tho choar wave Yolocitioc abovo and bolow tho top of Zono 111 IV

e.g., coo ESAR Figure 2.5 237. Rodofining thc GVRS horizon at the hard rock horiZOn beolw all
Seismic Catogor,' I GtFucturc foundationo not only facilitatcc concistont dofinitien of input roforonoc
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ground m~etiene for dcvclopment of the FIRS in FSAR Scction 3.7, but isalso cencictent with the
SRP 2.6.2 that cpoeifies that the GMRS bo defined-R onR Anoutcrop or a hypethctical outcrop that will
oxist aftor oxcGavation.

The Yarianco in GIVRS control point location is acceptablo bocauco the US APWR cortifiod cefismic
design Froepone cpoctra (CSDRS) cannot be uced for analycic of the ceicmice decign of Unit 3
Soismic Cate• gy 1 ; truc•t•u•e at higher f;oquoncio-. The Geimic r.1•oIpn at the WUit 3 site hac
high froquc ..y oxcoedancc eof the CSDRS. Due to the spatial . ariation of the input ground moUtion,

eSAR Section 3.7 pteUidni the hrzuota of Site specific col ctructro intcraction ( (us ) aralytou
whmih eoenspdo the spcohraGRS) of the input eotrol montien. Th csite spocific lc ainalyscha use the
site tpfcofie FIRS whirch afr based oA site apoifice oil rouperticr ac input. The suitability of the
US APWR Utandard plant Ticaio isre Categoet I ofucue foe Une at the Unit 3 cite ic Confirmed by
the aledatiR aralye cies which icmpare the 3tadreud plant dcesisd to the site npobifier ofM

loadings. Thse if analynec alD C RgMuatoraty the 12i6mia doRegu adequacy of the cite Sepificr
Seroiri Category I C tructureA. See FSAR Sectiont 3.7.2 for the rohets of the gite .epific SSI

The variance in the Unit 3 horizontal and vertical spectral acceleration (q) values for the ground
motion response spectra (GMRS) is eustified given the GMRS control point location is changed from
the top of competent rock for the SSAR to a hypothetical outcrop under the RiB Complex and
PS/Bs for Unit 3. This location is representative of the Unit 3 site for the Seismic Category I
structures in the power block area.

The number of frequencies was increased to 38 frequencies based on the minimum number of
points specified in the DCD, Regulatory Guide 1.206, and Regulatory Guide 1.208. The SSAR
which, presents 21 points, was written before these documents were issued orF efered.
Therefore, the COLA FSAR was updated to conform to the DCD and existing guidance.

The specification of OBE in SSAR Section 2.5.2.7 is moved to 2SAR Section 3.7 because neither
the SRP 2.5.2 nor the DCD requests the OBE information to be described in FSAR Section 2.5.2.
Further, given that OBE instrumentation is likely to be at a surface location, the definition of the
OBE ground motions should consider the site response of possible surface or at grade locations,
which is not assessed in FSAR Section 2.5.2, but is in FSAR Section 3.7. Therefore, the OBE is
defined in FSAR Section 3.7.

Variance: NAPS ESP VAR 2.0-5 - Distribution Coefficients (Kd)
Request

This is a request to use the Unit 3 distribution coefficient (Kd) values provided in
FSAR Table 2.4-206 rather than the corresponding values in SSAR Table 1.9-1 and
SSAR Table 2.4-20. Some of the values provided in FSAR Table 2.4-206 do not fall within (are
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