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Presentation to the ACRS Subcommittee

Safety Review of the
Vogtle Electric Generating Plant
Limited Work Authorization Request

Presented by
Christian Araguas, Project Manager
NRO/DNRL/NWE"1

December 3, 2008



Background

* Final LWA rule issued October 9, 2007 (72 FR
574195)

 Rule became effective November 8, 2007

 LWA process allows applicants to perform
imited construction before COL issuance




Background

 New definition of “construction” consistent with

agency statutory authority
 Activities that may be authorized under an LWA

iInclude:
— Driving of piles
— Subsurface preparation
— Placement of backfill, concrete, or permanent
retaining walls
— Installation of foundation



Background

An LWA request may be submitted

* As part of complete COL application

* As one part of phased COL application
* As part of an ESP application

 As an ESP amendment



Background

Contents of Applications
« Safety Analysis Report

« Applicable ITAAC
 Environmental Report
 Redress Plan



Vogtle LWA Request

« SNC submitted an LWA-2 request under the

previous 10 CFR 50.10(e)(3) on August 16,
2007

 On November 30, 2007, SNC submitted revision
3 to its ESP application to update the LWA
request to conform to the new LWA rule.



Vogtle LWA Request

 The LWA request consisted of changes to
existing sections within the ESP and additional
sections:

— Section 2.5.4 — Stability of Subsurface Materials and
Foundations

— Section 3.8.5 — Foundations
— Section 13.7 — Fitness For Duty Program
— Section 17 — Quality Assurance Program



Vogtle LWA Request

Requested Activities:
— Placement of engineered backfill
— Retaining walls
— Lean concrete backfill
— Mudmats
— Waterproof membrane
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Presentation to the ACRS Subcommittee

Vogtle Limited Work Authorization Review
Status

Section 2.5.4
Geotechnical Engineering



Section 2.5.4 Technical Reviewers

— James George, Geotechnical Engineer

— Dr. Weijun Wang, Geotechnical Engineer

— Dr. Thomas Cheng, Sr. Geotechnical Engineer
— Dr. Yong Li, Sr. Geophysicist

— Dr. Carl Costantino, Geotechnical Engineer
(Brookhaven N L)



2.5.4 Stability of Subsurface
Materials and Foundations

The applicant conducted more explorations and testing on the
subsurface materials, in support of the LWA request, after
submission of the ESP Application which were included in Revision
4 to the SSAR

Additional geotechnical data has been submitted by the applicant as
part of the LWA request

Applicant performed additional borings and tests to characterize
static properties of the load-bearing layers

— 174 additional borings with corresponding field investigations and
laboratory tests

Applicant revised results to include both the VEGP Unit 1 and 2
investigations (1970s) and ESP and COL investigations for soil
properties such as internal friction angle, unit weight and undrained
shear strength



%/ 2.5.4 Stability of Subsurface
Materials and Foundations

« Applicant conducted additional laboratory tests on soil
samples, in support of the LWA request, to determine
soil dynamic properties

— Determine the site-specific soil columns used in the SSI
analyses

 These dynamic properties are needed to determine the
site-specific Ground Motion Response Spectra (GMRS)

— GMRS is equivalent to Safe Shutdown Earthquake (SSE)
— GMRS is compared to DCD design spectrum at Col stage



%/ 2.5.4 Stability of Subsurface
Materials and Foundations
LWA Key Issues

» 26 Requests for Additional Information
— Site investigations
— Engineering properties of subsurface materials
— Backfill requirements and engineering criteria



%/ 2.5.4 Stability of Subsurface
Materials and Foundations

LWA Key Issues

— Adequacy of borings at the site

— Geotechnical engineering properties of the
subsurface materials, especially the Blue Bluff Marl
and Upper Sand Stratum

— Backfill Specifications
» Flowable backfill
» Seismic Category 1 and 2 backfill
» Physical Characteristics
« Shear Wave Velocity

« Test Pad Program




2.5.4 Stability of Subsurface
Materials and Foundations

LWA Key Issues — Adequacy of Borings

« 174 borings at the site
— 42 penetrating the BBM

« Adequate to characterize site and relationship between
ESP and Units 1 and 2 borings

« Transportation procedures for boring core samples
transported long distances (RCTS)
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2.5.4 Stability of Subsurface
Materials and Foundations

LWA Key Issues — Engineering Properties of the
Subsurface Materials

» Upper Sand Stratum

— SPT blow counts indicating highly variable material ranging from
very loose to dense

— Low in-situ shear wave velocity

— Determined to be susceptible to liquefaction during seismic
event equivalent to the SSE for Units 1 & 2

— Necessary to completely remove and replace with engineered
backfill




2.5.4 Stability of Subsurface
Materials and Foundations

LWA Key Issues - Backfill Specifications
* Flowable Backfill

— The applicant will use flowable backfill in a limited extent away
from the safety-related structures

— Higher load-carrying capacity, higher unconfined compressive
strength, and greater bearing strength than standard backfill
Used for backfilling of sewer and utility trenches, road base, pipe

bedding, and slope stabilization.



2.5.4 Stability of Subsurface
Materials and Foundations

LWA Key Issues - Backfill Specifications
« Seismic Category 1 and 2 Backfill

— Seismic Category 1 — beneath all Category 1 structures
— Seismic Category 2 — beneath all Category 2 structures
— All backfill will be compacted to 95% maximum dry density

« Physical Characteristics

— Percent Fines — no more than 25%

— Compaction Criteria — design requirement to be confirmed
through ITAAC
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Materials and Foundation Interfaces

LWA Key Issues — Backfill ITAAC

Design Requirement

Inspections and Tests

Acceptance Criteria

Backfill material under
Seismic Category 1
structures is installed to
meet a minimum of 95
percent modified Proctor
compaction.

Required testing will be
performed during placement of
the backfill materials.

A report exists that documents
that the backfill material under
Seismic Category 1 structures
meets the minimum 95
percent modified Proctor
compaction.

Backfill shear wave
velocity is greater than or
equal to 1,000 fps at the
depth of the nuclear island
foundation and below.

Field shear wave velocity
measurements will be
performed when backfill
placement is at the elevation
of the bottom of the Nuclear
Island foundation and at finish
grade.

A report exists and documents
that the as-built backfill shear
wave velocity at the nuclear
island foundation depth and
below is greater than or equal
to 1,000 fps.




2.5.4 Stability of Subsurface
Materials and Foundations

LWA Key Issues - Backfill Specifications
« Shear Wave Velocity

— Determined as part of Test Pad Program

« Test Pad Program

— Phase 1
» Establish site-specific design properties
 Establish that backfill will satisfy AP1000 DCD
— Phase 2

» Develop construction specifications and finalize placement
procedures & equipment



2.5.4 Stability of Subsurface
Materials and Foundations

Section 2.5.4 Conclusions
« Adequacy of borings

— Comparison of ESP/LWA and previous investigations
« Geotechnical Engineering properties of subsurface
materials

— Significant additional site investigations resolved multiple Open
ltems and provided sufficiently detailed information




2.5.4 Stability of Subsurface
Materials and Foundations

Section 2.5.4 Conclusions
« Backfill Flowable Backfill

— Acceptable for use away from safety-related structures

« Seismic Category 1 and 2 Backfill

— Engineered to same criteria but located under different structures

« Physical Characteristics

— Percent fines of backfill source material considered acceptable
from compaction test program

— Compaction Specifications confirmed through Backfill ITAAC



2.5.4 Stability of Subsurface
Materials and Foundations

Section 2.5.4 Conclusions

« Shear Wave Velocity
— Determined through Phase 1 of the Test Pad Program

 Test Pad Program

— Phase 1 — acceptable to determine physical characteristics of
backfill, including effects of compaction and overburden on shear
wave velocity

— Phase 2 — acceptable to develop construction specifications and
placement procedures
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Purpose

» Provide briefing on the structural engineering review of the Vogtle
Limited Work Authorization (LWA) application

— Describe Scope of LWA

— Describe Scope of Review
» SRP Section 3.7.1-Seismic Design Parameters
» SRP Section 3.7.2-Seismic Systems Analysis
» SRP Section 3.8.5-Foundations

— Summarize Application Contents

— Describe Technical Evaluation

— Describe Staff Findings



Scope of LWA

Scope of LWA involves soil foundation work, placement of a concrete
mudmat, a waterproofing membrane, a mechanically stabilized earth (MSE)
retaining wall, and temporary drains.

— MSE constructed with pre-cast concrete panels with tie-backs.
» Approximately 40 ft in height.
= Mudmat footprint is approximately 160ft x 260ft.

— Mudmat is 12-inches thick (two 6-inch layers) and has a compressive
strength of approximately 2,500 psi.

— Elastomeric spray-on waterproofing membrane (approximately 0.080 to
0.120 inches thick) placed between two mudmat layers.

— Membrane also applied to the MSE wall.

Waterproofing membrane ITAAC

— Testing to confirm that membrane/mudmat interface has a coefficient of
friction of 0.7.

Referenced AP1000 DCD, Revision 15 and Technical Reports



Scope of LWA
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Scope of Review

« LWA involves foundation construction.

— Staff review limited to three SRP sections (3.7.1,
3.7.2, 3.8.5) and is final.

* LWA design will not be impacted unless there is
a major change in footprint of the NI basemat.

* Moderate changes in structural design will not
change scope of LWA.



Scope of Review (Cont’d)

SRP 3.7.1-Seismic Design Parameters

— Vibratory Ground Motion

— Critical Damping

— Supporting Media (pertaining to SSI modeling)

SRP 3.7.2- Seismic Systems Analysis
— Seismic Model Description
— Soil-Structure-Interaction Analysis

SRP 3.8.5-Foundations
— Foundation Stability
« Sliding
« QOverturning



SER Section 3.7.1
Seismic Design Parameters

Summary of Application

* Vogtle site GMRS exceed AP1000 Certified Seismic Design
Response Spectra (CSDRS) in high and low frequency ranges
(therefore site-specific confirmatory analysis is required)

« Foundation Input Response Spectra (FIRS) defined at foundation
elevation.

« Supporting Media
— NI will be founded on approximately 50 ft of engineered fill.
— 70-80 ft layer of hard, slightly sandy clay (Blue Bluff Marl, BBM).
— Approximately 900 ft of dense sands beneath BBM.
— Rock with Vs> 9,200 fps at approximately 1049 ft depth.
— Water table at least 15-ft below bottom of basemat.



SER Section 3.7.1
Seismic Design Parameters

Comparison of Vogtle Horizontal GMRS and FIRS with AP1000 CSDRS
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SER Section 3.7.1
Seismic Design Parameters

Comparison of Vogtle Vertical GMRS and FIRS with AP1000 CSDRS

Comparisons of VBEEF Vertical Seismic Response Spectra to AP1000 CS0RS
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Elevation 220 1

~86"
Engineered
Backfill

76' Blue
Bluff Marl

~900"
Coastal Plain
Secliments

Vogtle Site-Specific
SASSI/AP1000
Nuclear Island

Location of GMRS

Vogtle input motion SSE
at hypothetical outcrop
at 40" depth for control

point seismic input for
site-specific 8§51
analysis of AP 1000
nuclear island.

This is a Foundation
Imput Response Spectra
(FIRS)

Source:
SSAR Appendix 2.5E, Figure 5.0-2




SER Section 3.7.1
Seismic Design Parameters

Technical Evaluation/Findings

Vibratory Ground Motion

« Approximate method was used for developing the FIRS. Review indicates
that the method results in a conservative estimate of horizontal seismic
demand.

 The FIRS defined as an outcrop motion in the free field satisfied the
minimum PGA value of 0.10g (10 CFR Part 50, Appendix S)

Critical Damping

« The critical structural damping values used in SSI analysis were consistent
with damping values provided in RG 1.61.

Supporting Media

« SSI modeling assumptions properly account for site characteristics such as
depth of soil over bedrock, soil properties, soil layering characteristics and
groundwater elevation.



SER Section 3.7.2
Seismic Systems Analysis

Summary of Application

» Developed approximate 2D site-specific SSI models for evaluating NI sliding
and overturning stability.

« Seismic Model Description
— 2D SASSI stick models for NI and adjacent buildings.
— Models accounted for 40 ft embedment effects.

» Soil-Structure Interaction Analysis
— Three orthogonal directions assessed (2 horizontal, vertical).
— Used LB, BE, UB soil profiles to address uncertainty in SSI calculations.
— Compared in-structure responses at 6 key locations in the AP1000 NI.

— Computed maximum seismic shear forces for use in NI stability and
dynamic bearing pressure evaluations.



SER Section 3.7.2
Seismic Systems Analysis

Technical Evaluation/Findings

Seismic Model

 The use of 2D SASSI models is acceptable for the evaluation of
sliding stability and bearing pressure demands.

Soil-Structure-Interaction Analysis

« Staff compared the analysis results (e.g., ZPA values near the NI
center-of-gravity) with the AP1000 DCD soft soil case and found
them to be similar.

 Maximum seismic base shear forces are acceptable based on staff
simplified independent calculations.



SER Section 3.8.5
Foundations

Summary of Application

« Test data of waterproofing membrane indicate a coefficient of friction
of 0.7 between the membrane and the concrete mudmat.

« Test data indicate a coefficient of friction of 0.45 for soil immediately
below mudmat.

« Soil test data indicate a bearing capacity of 42 ksf.



SER Section 3.8.5
Foundations

Technical Evaluation/Findings

NI Structure Stability Analysis

o Staff reviewed the maximum horizontal seismic forces and maximum
friction forces below the basemat.

Maximum NI Seismic Forces

Vogtle Lower Bound

Vogtle Best Estimate

Vogtle Upper Bound

Reaction

Seismic Shear NS 78.3 E3 kips 82.5 E3 kips 89.0 E3 kips
Seismic Shear EW 88.9 E3 kips 89.8 E3 kips 95.8 E3 kips
Friction Force 117.3 E3 kips 116.7 E3 kips 116.4 E3 Kkips

The NI structure will not slide during the SSE,
force is greater than the inertial force.

because the frictional




SER Section 3.8.5
Foundations

Technical Evaluation/Findings (Continued)

Bearing Capacity
 The maximum dynamic bearing pressure on soils for the NI,

radwaste, annex, and turbine buildings are 17.95 ksf, 1.68 ksf, 7.20
ksf, and 2.54 ksf, respectively, during the SSE.

* The minimum factor of safety with respect to a failure of the dynamic
soll be)aring capacity during the SSE is 2.34 (42 ksf divided by
17.95).



Summary Findings

SRP Section 3.7.1 Seismic Design Parameters
* Adequately developed seismic design parameters.
* Met the applicable regulatory requirements.

SRP Section 3.7.2 Seismic Systems Analysis

« Adequately performed site-specific 2D SSI analysis for the purpose of
determining the maximum seismic demands for use in the NI structure
stability and maximum dynamic soil bearing evaluations.

- Staff's evaluation of in-structure response will be done as part of the SCOL
review.

* Met the applicable regulatory requirements.

SRP Section 3.8.5 Foundations

« Demonstrated that the mudmat and the waterproofing membrane are
adequate and that the NI foundation is stable during an SSE.

* Met the applicable regulatory requirements.
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~“ FFD Program Requirement

« SNC’s LWA Construction for Vogtle
application specifies work on safety-
related SSC's

* Work on safety-related SSC's requires an
FFD Program in accordance with 10 CFR
Part 26

* Program conforms to requirements of 10
CFR Part 26, Subpart K, “FFD Program for
Construction”
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<7 Additions to 10 CFR Part 26

* Added Subpart I, “Managing Fatigue”

* Added Subpart K, “FFD Program for
Construction”

— 10 CFR Part 26.3(c)(5): ESP holders issued an LWA
to install foundations, including concrete, for SSCs

— 10 CFR Part 26.4(f): [personnel] performing
maintenance or onsite directing of the maintenance of
SSCs that a risk-informed evaluation process has
shown to be significant to public health and safety



*77 10 CFR Part 26, Subpart K

» Less prescriptive requirements including no
minimum size of the random testing pool, no
descriptions of sanctions against FFD policy
violators, and offers “fitness monitoring” as an
alternative to random testing

* Immediate implementation (1 month after rule
was issued)

* Requirement for a Medical Review Officer
(MRO) precedes the requirement at operating
reactors



Review Process

» Established applicant’s eligibility to
iImplement a program under Subpart K

« Systematically assessed each subsection
of Subpart K (10 CFR 26.401 — 26.419) to
ensure compliance

* Focused on who is in the random testing
pool, testing methods, and privacy
protection



Key Basis for Acceptance

Describes a random testing program for 50% of the
construction staff annually

Describes behavioral observation program

Consistency with rule language throughout the
application to protect individual’'s privacy, test and control
individual results, and audit the program periodically

SNC'’s familiarity with FFD programs through the
implementation and maintenance of acceptable
programs at reactors the utility currently operates



Vogtle Chapter 17
QA Program Description

SNC submitted its Quality Assurance Topical NDQAM, Rev. 6 in
November 2007, revised to include LWA activities.

The NDQAM is based on industry template NEI-06-14A, which
implements a QA program based on NQA-1-1994, “QA
Requirements for Nuclear Facility Applications.”

The staff reviewed the NDQM in accordance with SRP 17.5, “QA
Requirements — Design Certification, Early Site Permit, and New
License Applicants.”

Safety Evaluation Report, dated April 25, 2007, documents the
NRC staff’'s conclusion that the NDQAM conforms to the
requirements of 10 CFR Part 50 Appendix B, “QA Criteria for
Nuclear Power Plants ...”



LWA Conclusions

 The VEGP LWA request meets the applicable standards
and requirements of the Act and the Commission’s
regulations.

 Reasonable assurance has been established such that
there is adequate protection to public health and safety,
and that issuance of the LWA will not be inimical to the
common defense and security

* The proposed ITAAC are necessary and sufficient, within
the scope of the LWA, to provide reasonable assurance
that the facility has been constructed and will be
operated in conformity with the license, the provisions of
the Act, and the Commission’s regulations.
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