Georgia Power Company
Project Management

Route 2, Box 289A
Waynesboro, Georgie 30830

Telephone 404 724-87 14
404 5549961

Vogtle Project

December 2, 1985

Mr. D. O. Foster

Vice President and General Manager
Vogtle Project

Wayresbcro, Ga. 30830

RE: Readiness Review Program
Module 13A
Foundation Materials and Backfill

LOG: RR- 589

FILE: X7BD102

Dear Mr. Foster:

Pursuant to your instructions I am enclosing Module 13A of the
Readiness Review Program entitled Foundation Materials and
Backfill. This module reports the work of the Readiness Review
Team and has been prepared in order tc present you with an
accurate picture of the readiness for operations of the Vogtle
Project, based upon a close examination of the plant foundation
materiale aind backfill pregram.

The Readiness Review process included an initial assessment and
review of basic licensing documents in order to identify Project
commitments within the scope of the module. The Readiness
Review Team then verified implementation processes designed to
meet those commitments, including programs and controls relating
to work within the scope of the module.

The team then engaged in a process designed to verify that
implementation prcgrams were operating as described in
procedures and other descriptive documents. 1In concluding this
verification process, the team then actually verified that the
licensing commitments and the procedure and specification
requirements identified were complied with.
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Project Management
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Vogtle Project

December 2, 198%

Mr. D. O. Foster

Vice President and General Manager
Vogtle Project

Waynesboro, Ga. 30830

RE: Readiness Review Program
Module 13A
Foundation Materials and Backfill

LOG: RR-589

FILE: X7BD102

Dear Mr. Foster:

Pursuant to your instructions I am enclosing Moduvie 13A of the
Readiness Review Program entitled Foundation Materials and
Backfill. This module reports the work of the Readiness Review
Team and has been prepared in order to present you with an
accurate picture of the readiness for operations of the Vogtle
Project, based upon a close examination of the plant foundation
materials and backfill program.

The Readiness Review process included an initial assessment and
review of basic licensing documents in order to identify Project
commitments within the scope of the module. The Readiness
Review Team then verified implementation processes designed to
meet those commitments, including programes and controls relating
to work within the scope of the module.

The team then engaged in a process designed to verify that
implementation programs were operating as described in
procedures and other descriptive documents. 1In concluding this
verification process, the team then actually verified tha* the
licensing commitments and the procedure and specification
requirements identified were complied wi'h
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Mr. D. O. Foster
December 2, 198%
Page 2

We are confident that the verification methoeuology used allowed
the Readiness Keview Team to properly appraise the actual
condition of the foundation materials and backfill program, and
provided a valid means »f assgessing the quality of the program
having also considered applicable past audits, inspection
reports, and problems expirienced by other utilities.

Based on the examinations, inspections, and evaluations of the .
review and the responses and corrective actions committed to by
the prcject, it is the sonclusion of the Readiness Review Team
that the design and const ‘uction programs that govern the
foundation materials and backfill processes have produced a
final product that meets cesign requirements and licensing
commitments. Additionally, none of the findings identified
either individually or collectively, are such that the adeguacy
of the project foundation materials and backfil! program is
called into question. Therefore, the foundation materials and
backfill program meets the FSAR commitments.

Members of the Readiness Review Team and I are prepared to

discuss this module with you at your convenience. 1f we can

provide you with any further information or assistance regarding .
this matter, contact me.

Very truly yours,

gy

rg I - ///
(_4LA‘\ g cL{aLA£{;7
/ :

William C. msey
WCR/bjd
ec: R. E. Conway

Readiness Review Board Members
Reading File
Document Control
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PREFACE

Georgia Power Company (GPC), in order to gain added assurance of
the operational readiness of the Vogtle Electric Genera'.ing
Plant (VEGP), is conducting a pilot Readiness Review Program.
The VEGP pilot Readiness Review Program is a systematic,
in-depth self-assessment of work processes and verification of
compliance with regulatory commitments. To accomplish the VEGP
pilot Readiness Review Program, the work processes and
regulatory commitments were divided irto manageable segments
called modules. There are approximately 20 modules. Each
module is a predefined scope of VEGP activities.

Each module is intended to provide a brief description of the
method of complying with project licensing commitments
pertaining to the module scope and is not intended to make
further commitments or to revise in ary way prior commitments.
1f any differences exist between the commitments discussed in
this document and the licensing documents, they are
unintentional; and the licensing docunent governs.

Activities common to several modules are provided as General
Appendixes. There are approximately 10 appendixes. These
appendixes, as appropriate, are referenced in the modules and

are augmented in each module with module-scope-specific details
as needed.

The VEGP Readiness Review Program is being conducted on a
schedule to provide added operational readiness assurance to GPC
management in support of the VEGP Unit 1 operating license.
However, conclusions reached regarding programmatic and
technical adequacy through review of VEGP Unit 1 are indicative
of Unit 2, since both units are being designed and constructed
together under a single quality assurance program; with like
management controls, procedures, etc.; and to the same
specifications and criteria.

“tone and Webster Engineering Corporaticn has been contracted to
provide technical management for, and technical personnel to
implement, an independent design review as a part of the
Readiness Review program. Additionally, Stone and Webster is

reviewing project responses to Readiness Review findings for
technical adequacy.

The VEGP Readiness Review Program is not intended to eliminate
or to diminizh any authorities or regulatory respongibilities
now assigned to or exercised by the Nuclear Regulatory
Commiseion or GPC. Further, the Readiness Review Program is not
intended to change the techniques of inspections or assurance of
quality program activities. Rather, the VEGP Readiness Review
Program is an added program initiated by GPC management to
assess the VEGP and to provide additional feedback to management
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80 that they may initiate any needed corrective actions in an
orderly and timely manner.

The scope of work processes and regulatory commitment compliance
covered by each module will be assessed by, and the module
prepared and reviewed by, individuals collectively familiar with
the design, construction, and operational processes of nuclear
power plants. It is th2 collective opinion of the Readiness
Review Task Force, Readiness Review Board, and GPC management
that, based on their exjerience, the methodology used in the
module process will ass2ss, on a programmatic basis, the
adequacy of project comanitment implementation.

Readiness Review Discrepancy Reports and resulting dispositions
are reviewed by the Realiness Review Program quality assurance
staff and are input into the normal project process for safety
significance and potentia. reportability evaluations in
accordance with regulato>ry regquiremants.

0093m/318-5 ,
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EXECUTIVE SUMMARY

Introduction

This module documents a review program to ascertain whether the
design and construction aspects of the foundation materials and
backfill for the Seismic Category I structures comply with
licensing commitments and whether compliance is verifiable using
existing project documentation.

The scope of this module includes those design and construction
activities associated with foundation material (marl, lower sand
stratum, etc.) design analysis, selecticn, and placement of
Category 1 backfill.

The program consisted of three separate reviews:_ a degign
program verification, a construction program verification, and
an Independent Design Review (IDR).

In implementing the above reviews, project documents such as
design criteria, specifications, and procedures were reviewed
along with results of past audits and inspections. 1In addition,
the Readiness Review Board technical consultant provided
independent technical oversight and concurrence, and Readiness
Review quality assurance (QA) personnel provided QA surveillance
of the review activities. Statements from the technical
consultant and QA regarding their involvement and conclusions
reached are provided in section 8 of this module.

A brief summary of the three reviews .nd the method used in

classifying findings resulting from tae reviews are provided
below.

Finding Classifi.cstion

Followiag evaluation, findings were sub ected to categorization
as follows to indicate their relative importance:

Level 1 - Violation of licensing commitments, project
procedures, or engineering reguirements with
indication of safety concern.

Level 11 - Violation of licensing commitments or
engineering requirements with no safety concern.

Level 111 - Violation of project procedures with no safety
concern.



Design Proqram Verification

The verification of the design program was performed in two
phases. Phase 1 consisted of a two-part review of design
criteria and detail design documents to verify inclusion and
implementation of commitments.

Phase I1 consisted of a review of selected detail design
documents for compliance to applicable procedures and industry
standards (e.g., ANSI N45.2.11) as committed to in the Final
Safety Analysis Report (FSAR). Documents such as design
criteria, caiculations, drawings, specifications, design change
documents, and related studies/reports, were included in this
review.

The design program verification resulted in Finding 13A-18,
which was classified as Level 1I. The finding involved
noncompliance with the applicable procedvres and requirements
established for the geo:echnical calculations for foundation
materials and backfill. teveral initially reviewed calculations
had not clearly described purpose, references, assumptions, and
design input/output cor-elations. The parameters supportive of
liquefaction analyses committed to in the FSAR were not readily
identifiable in the cal-ulations without the help of the
originator. Calculation checking was lacking in a few cases.
The Project has resolved this finding by reviewing all
(approximately 70) safecy-related geotechnical calculations.
Calculations were revised and upgraded, as necessary, to improve
clarity, completeness, and conformance to project procedures.
The Project has alsc developed an additional calculation
(roadmap calculation) taat provides reference to the parametric
studies included in the calculations and the design values
identified in the FSAR.

A reverificatior review of the upgraded calculations was
conducted by a joint team consisting of members from both the
IDR and the programmatic design verification teams. Their
review has verified that the calculations met the programmatic
design control requiremerts and the support design values and
parameters included in the FSAR.

Details of the design program verification are included in
section 6.1.

Construction Program Verification

The construction program verification consisted of commitment
implementation assessment and construction assessment.
Commitment implementation assessment determined whether
construction incorporated licensing commitments into
implementing documents, whereas construction assessment
determined whether construction activities met the design
requirements.
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Commitment implementation assessment consisted of a review of
the 24 construction commitments identified in the commitment
matrix (section 3.4). Twenty-two of these commitments were
adequately traced to implementing documents from the time of
initial implementation to current status. The two remai iing
commitments were identified as Readiness Review Findinys 13A 1
and 13A-2, both Level 11.

Finding 13A-1 dealt with the allowable moisture range for
Category 1 backfill. The FSAR required that backfill moisture
content be within 2 percent of the optimum, whereas the
specification allowed the moisture conteat to vary from 3
percent below, to 2 percent above, the optimum. Evaluation of
this finaius revealed that engineering had revised the
specification after reviewing the test data from the Category I
backfill test program and determining that the moisture range
wae acceptable. At the time the change was made to the
specification, engineering failed to identify an FSAR change.
An FSAR change will be made in a future amendment and is
adequate corrective action to resolve this finding. |

Finding 13A-2 involved differences betwean the settlement
monitoring program after initial plant cperation, as described
in the FSAR, and with directions given in the implementing
specification. The project response explained that the program
for settlement monitoring has undergone change and is in
accordance with a recent agreement with the NRC and that the
FSAR and specification will be modified accordingly. Since the
finding was against future work, there is no project impact.

Construclion assessment consisted of a review of approximately
L1100 records to ascertain whether construction correctly
interpreted design documents and whether the as-built condition
of Category 1 backfill complied with the design.

Four findings were identified during corstruction assessment, of
which, one (13A-22) was a Level 1I: finding and three (13A 3,
13A-5, and 13A-6) were Level I1I findincs. There were no

LLevel 1 findings.

Findings 13A-3, 13A-5, and 13A 6 were dcviations from procedural
requirements and did not indicate progremmatic failures or
physical discrepancies. Finding 13A 22 involved some borrow
area gradation test results (secondary cocuments, i.e.,
documents that are redundant to other dccuments which are
normally utilized for verifying acceptability of soils
placement) that cannot be located in the QA records vault. The
data represented by these missing records is available in the
results of the powerblock backfill placemat gradation tests
retrievable from the vault, and is verified as acceptable.
Construction has initiated a program Lo evaluate vault record
storage and to correct identified filing errors.



Details of the construction program verification are found in
section 6.2.

Independent Design Review

The Independent Design Heview (IDR). conducted by Stone and
Webster Engineering Corporation, evaluated the technical content
of the design documents related to the geotechnical design of
the Category 1 foundations on a sample basis. The documents
reviewed included calculations, engineering reports, design
criteria, specifications, drawings, and deviation reports.

The IDR initially ident fied a total of 11 findings. Upon the
presentation of additional information to the IDR team, one of
them was classified as & nonfinding. The remaining 10 findings
have all been classified Level I1 (one) or Level 111 (nine)
since they were assessed to be documentation deficiencies with
no safety concerns.

Finding 13A-15 (Level 17.1) resulted from the collective nature
of seven of the nine findings that related to either
calculations or design criteria. Specifically, the IDR review
process revealed incons stencies in the use of such items as
soil moduli and building loads, incomplete documentation of
design assumptions, the absence of certain calculations as
support for design values, and an overall lack of attention to
detail in the calculation preparation process. The IDR team
considered the calculat.ons, design criteria, and associated
crose-referencing to the FSAR to be insufficient in detail,
documentation, and accuracy. This resulted in a commitment by

the project to review and revise, as necessary, all project
geotechnical calculations.

In order to evaluate the adequacy of the corrective action for
the individual findings and the collective finding (13A-1%), the
IDR team reviewed numerous revised or newly created
calculations. These calculations reviewed by the IDR team
tepresent approximately one half of the total population that
was reviewed and revised in response to Finding 13A-15. Based
on this review, the IDR team concludeg that the project has

correctly implemented the corrective action committed to and is
acceptable.

In summary, all of the IDR findings have been satisfactorily
resolved. The IDR team has concluded that, due to good

engineering judgement incorporated into the project documents
and a very conservative basis for design, these findings have

not resulted in any physical impact or impact on licensing
commitments.
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1.0 INTRODUCTION

1.1 INTRODUCTION

This module is one in a series of modules that provides an
evaluation of the design, procurement, construction, and
readiness for operation of the Vogtle Elactric Generating Plant
Unit 1 and common facilities. It is intended to describe the
method of compliance with the project commitments found in the
FSAR and is not iitended to make further commitments or revise
in any way prior commitments. Any differences between the
commitments discussed in this document and the FSAR, if any, are
unintentional. In the unlikely event that a difference between
this module and the FSAR should occur, the FSAR shall take
precedence and shall define the project commitments.

The scope of this module includes those design and construction
activities associated with foundation material (marl, lower sand
stratum, etc.) design analyses, selection, and placement of
Category 1 backfill.

The effective date of this module is July 1, 1985. That is,

changes in the included programs, organizations, commitments,
etc., occurring after this date are not addressed.

0015m/322-5



1.2 MODULE ORGANIZATION

This module is divided into the following sections:

1.

2.

Introduction.

Organization and Division of Responsibility - A brief
description of the project organizations and their
division of responsibilities as applicable to this
module. The overall project organization is discussed
in Appendix A - Organization.

Commitments - Project licensing commitments pertaining
to soils and foundations within the scope of this
module and as found in the FSAK, generic letters, and
other documents. This section also lists documents
that demonstrate implementation of these commitments.

Program Description - A brief description of the
processes for design, and construction applicable to
the scope of this module.

Audits - A description of the level of audit activity
by QA or the NRC as it appl1es to this module. Also
included in this section is a description of any
special investigations performed on work contained in
this module and past problems identified.

Program Verification - A description of the
verification plan development, implementation, and
results, including corrective actions.

Independent Design Review - A cdescription of the design
process technical review program, its implementation,
results, and corrective actions.

Assessment - The evaluations ard conclusion, by the
applicant's Readiness Review Tésk Force, the VEGP
Readiness Review board, Readiness Review program
quality assurance staff, IDR team, and Readiness Review
board module expert, of the subject work. This section

also identifies any items still open and the scheduled
closure date.

0017m/322-5%



1.3 VOGTLE PROJECT STATUS

Site subsurface investigations began in January 1971 and were
completed during excavation of the power block. Excavation work
was started in May 1974 and curtailed on September 12, 1374.

The excavation work was resumed in February 1977 and completed
in October 1977.

Placement of Seismic Category 1 backfilil in the power block area
began in October 1977 and is scheduled for completion on
November 1, 1987. This estimated backfii.l volume is 3,850,000
cubic yards. As of July 14, 1985, 3,785,256 cubic yards had
been placed. Placement is now 98 percen: complete.

0018m/301-5



2.0 ORGANIZATION AND DIVISION OF RESPONSIBILITY

Georgia Power Company (GPC), acting on i.s own behalf and as
agent for the Oglethorpe Power Corporation, the Municipe!
Electric Authority of Georgia, and the C.ty of Dalton, 1s
responsible for the design, procurement and construction of the
Vogtle Electric Generating Plant (VEGF). The Western Power
Division of Bechtel Power Corporation (Bechtel) is contracted by
GPC to provide architect/engineering (A/Z) services.

This module section includes a brief ces:ription of the
organization and responsibilities of GPC and Bechtel starting
with the functional group level for desiyn and construction
activities related to backfill. It also includes the
organization and responsibilities of the site contractor
involved in the construction process. Tnae section does not
describe all organizations and respon:ibilities, only those
pertaining to the content of this module.

0019m/322-5



2.1 DESIGN ORGANIZATION

Details of overall organizations involived in the VEG? design,
procurement, construction, and operati.ons are provided in
Appendix A of the Readiness Review program. Detail: of
organizations which relate to this module are outlined briefly
in the following sections.

2.1.1 CURRENT BECHTEL ORGANIZATION

The Eechtel Power Ccrporation employs the matrix organization
concept with an individual assigned as project engineering
manager (PEM) who is assisted by the project engineer (PE) home
office, the PE-field office, and by functional group heads
reporting to the PEM for the performance of functional tasks.
Functional group heads receive project direction from the PE,
while functional direction is provided to them by discipline
chief engineers. The Bechtel PEM has been located at the VEGP
site since February 1985. The current VEGP Bechtel Project
Engineering Organization is shown in Figures 2.1-1 through 2.1 4.

I'roject engineering for the scope of gectechnical work related
to feundation materials and Seismic Category 1 backfill is
composed of Home Office Engineering (HOE) arnd Project Field
Engineering (PFE) organizations in coorcination with Bechtel
Geotechnical Services (Geotech). Botn HOE and PFE report to the
PEM.

The HOE, responsible for the design and analysis of

safety related structures, is supervised by the PE home office.
fle is assisted by the assistant project engineer design, the
vivil/structural engineering group supervisor, the
civil/structural building engineering group leaders, the
drafting group supervisor, and the chiet civil/structural
engineer.

The PFE is an extension of the HOXK and s supetvised by the
project engineer-field. He is assist:d by the assistant project
engineer- physical design, the civil/structural engineering group
supervisor - field, the building construc . ion support engineering
group leaders, and other groups (see Figure 2.1 2). The PFE
assists construction in interpreting drawings and
specifications, solving field problems, and coordinating field
activities with HOE.

Geotech is a branch of the Bechtel Hydro and Community
Facilities Division (H&CF) and serves a 1 Bechtel projects and
divisions as an in-house consulting firn with a permanent staff
of engineering geologists, soils engineers, hydrologists, and
hydraulic engineers. The Geotech stafi., headquartered in San
Francisco, and a permanent staff located in the Bechtel Norwalk
Office have supported the work covered in this module in the
areas of engineering yeology and soils cngineering.



Geotech work included directing the development of site
information; obtaining necessary laboratory testing and the
reporting of results to dctermine design parameters: developing
specific foundation des gn parameters and foundation design
trecommendations for eac: type of structure or facility: and
typically, providing the results of such work in the form of
s0ils and geologic investigation and foundation recommendation
reports. In addition, Geotech is utilized in all phases of the
project involving geotechnical work including:

o Providing support in the preparation of licensing
documents;

o RKeviewing and approving the application of soils and
geologic data t» the design of foundatione, fill, and
other geotechnital aspects of the project;

o Assisting project personnel reviewing the geotechnical
aspects of design changes and field change orders,
especially thos2 which result in changes in foundation

bearing pressur2s or loads or for load distribution on
foundation elemants;

o Developing technical specificaticns for foundations,
earthwork, and related testing;

0 Verifying that actual field conditions encountered
during construction are consistent with interpretations
used during the design phase and are satisfactorily
covered in the design parameters.

Foundation engineering for the structures is performed by the

project civil/structural group based on criteria provided by
geotechnical specialists.

All geotechnical work related to this module is coordinated
through the VEGP civil/structural discipline (see Figure 2.1 7).

2.1.2 BECHTEL ENGINEEEING ORGANIZATION CHANGES

Bechtel PFE was established in April 1979 with the basic
responsibilities of coordinating, reviewing, and approving ¥Field
Change Requests and Deviation Reports initiated by GPC
Construstion. They are responsible for assisting construction
in the interpretation ¢f design requirements and resolving

field related problems. Between April 1979 and December 1983,
the basic responsibilities of HOE and the field organization for
geotechnical and foundation related work did not change.

The role and responsibilities of Bechtel PFE evolved during the
period from 1980 to early 1985, Key milestones in this
organizational change were assignment of a PE-field in

N
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November 1983 and relocation of the PEM o the site in February
198%. However, these changes did not affect geotechnical work
al VEGP.
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2.7 FILELD CONSTRUCTION ORGANIZATION

Georgia Power Company directs and mainta.ns technical control of
the backfill work through three departmeats working under !hLe
general manager Vogtle nuclear construction: Civil Pro zct
section, Civil Quality Control section, ind Field Construction
Operations (coordination). The administrative and schedule/
budget sections also interface with the zontractors but do not
directly affect the quality of the work. The following is a
description of the overall responsibility of each contractor and
GPC section organization.

2.2.1 GPC CIVIL PROJECT SECTION

The Georgia Power Company Civil Project section provides
coordination and support for contractors performing civil work.
This includes providing assistance in the following areas:

o The development of civil construction procedures and
assuring they are in compliance with Bechtel
specifications and any applicable codes;

o ‘The resolution of problems regarding civil work
including constructability issues, Deviation KHeports,
trends, Field Change Requests, and open items;

0 Dispositioning Deviation Reports and open items;

¢ Providing material for the contractors by initiating
purchase orders and releases as reguired;

o Providing schedule and budget irput to various site
organizations;

0 hkxtensively interfacing witn cocrdination and Quality
control on problem identiiicaticn and resolution.

2.2.2 GPC CIVIL QUALITY CONTROL

Tne Quality Control (QC) section implements the GPC field
quality control program to verify quaiity compliance of field
construction activities,

The Civil QC section assists GPC Civil Project section in
developing implementing procedures and :nstructions, and
verifies that field construction, erection, and installation
conform to apprtoved specifications, drawings, codes, and other
requirements. QC section perscnnel assist in the dcvelopment of
forms, checklists, ard other quaiity documents necessary to
control activities and to demonstrate compliance with specified
reguirements,



The civil QC inspectors inspect in accordance with established
quality control procedures as required by the Vogtle project
quality assurance (QA) program. This includes inspection of the
work as it 18 being periormed by contractor craftsmen and
documentation to verify the results.

2.2.3 GPC CiVIL FIELD CONSTRUCTION OPERATIONS COORD INAT 1 ON

The Site Coordination Group directs work at Plant Vogtle and
ensures work is completed in @ timely manner. The group
interfaces with the sit? contractors to facilitate work flow.
The lower tier coordinaticn groups help bring field conflicts
and problems to the attention of the area engineers and inform
QC when inspection hold prints are reached. They maintain a
watch for productivity and gquality problems. The Site
Coordination Group is rosnonsible for survey and layout work on
the project.

2.2.4 HARBERT CONSTRUCTION COMPANY

Harbert Construction Company performed work on the VEGP site
from May 1974 to September 1974. Harbert excavated the power
block from elevation 22) to approximately elevation 145.
Harbert received their work direction from the Civil Project
section.

2.2.%5 MANHATTAN WALTON JOINT VENTURE

Manhattan-Walton Joint Venture was on the VEGP site from
February 1977 to June 197%. Manhattan-Walton performed general
grading work on the site and completed the power block
excavation begun by Harbert Construction in 1974.
Manhattan-Walton also placed some Seismic Category 1 backfill in
the power block in the turbine building area.

Manhattan-Walton received its work sequence and direction from
the Civil Project sectien. They coordinated with QC on work
completion "nd anceptance.

2.2.6 WALSH CONSTRUCTION COMPANY

Walsh Censtruction Company, a division of Guy F. Atkinson
Company, performed scils work after June 1979 in the power block
under the guidance of the GPC QA program.

Walsh works with the Civil Project section to resolve
constructability problems and to initiate change reguests for
drawings and specifications. They coordinate with Quality
Control on work completion, acceptance, and resolution of
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3.0 COMMITMENTS

3.1 INTRODUCTION

This section contains, in matrix form, licensing and project
commitments and the corresponding impiemsnting documents. These
are presented in two matrixes, the commitment matrix and the
implementation matrix. A brief explanation of the development
process for each matrix is also incluced.

Any differences between the commitments discussed in this
section and the Vogtle Electric Generating Plant (VEGP) Final
Safety Analysis Report (FSAR), if any, are accidental, and the
FSAR prevalils.



3.2 DEFINITION

w

Commitments are defined as the project obhligations to regulatory
guides, industry standards, branch technical positions, and
other licensing requirements to the extent defined in the FSAR.

An implementing document is the working level document that
identifies project commitments as they apply to the specific
work activity.
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COMM | THENTS

SORTED BY SOURCE AND SECTION

COMM| TMENT COMM | THER T COMM | THENT DOCIMENT / RESPONS 18111 TY
SOURCE _SECTION _SUBJECT FEATURE MODULE DESIGN  CONST REMARKS REF NO.

EXPLANAT ION OF FIELDS

COMM | TMENT SOURCE The document containing the commiiment (FSAR, Generic Letter, |.E. Bulletin Response, etc.)

COMMI TMENT SECTION - ldentifies the FSAR section, letter number, or quastion number

COMM| TMENT SUBJECT - The subject of the FSAR section or Generic Letter

DOCUMENT /FEATURE - The document discussed in the FSAR section or the plant feature described in the FSAR section

MODULE - The Readiness Review modules applicable to the comm!tment widar discussion

RESPONSIBILITY An X is placed under the heading for the organization responsible for implementation of the commitment
REF. NO. A reference number that corresponds to the approprizte (ine entry in the implementation matrix

0417M/328-5/6



COMMI TMENT
SOURCE

FSAR

FSAR

FSAR

FSAR

FSAR

FSAR

FSAR

FSAR

COMM I TMENT
SECTION

"~

¥

~N

~4

MODULE 13a

CONMITHMENT
SURJECTY

ORSIGN BABIS FLOODS
FOR NUCLEBAR POWER
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EAS BRI IMrLEMz=aTED

AT YRGP

MAXYINTUM DPEEIGN GOUND
WATER LEYRL i88.0

FT. MSL

RG 1.80, BEV 1,

ACCRLERATION O 12¢g

ULTIMAYE BRARING
PRESSURR ANP FACTORS
OF SAFRTY 1IN TARLE

SORTED BY SOURCE AND SECTION

ssrssES=S 2z

MODULE RESPONS IBILIYY REMARKS

DESIGN CONETY
13a
134 X
134 X
134 t
13a ®
I3 X
134 ¥
134 X
134 X

SXX TEAR
3
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PROPERTIES OF MARL UNDRAINED SHEAR 13a
BEARING STRATUM STERNGYER
DESIGK STRENGTE
10ERY
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Page No. i0
11/25/85

COMMITMENT COMMITMENT

SOURCE SECTION
FSAR 2.9. 3. &.
FSAR 3. 4 ke
FSAR 3. 7.8, ).
FSAR 3:8. 1 B
FSAR 38 1.14
FSAP TR 118

COMM I THENTS
Tz =TTERR
MODULE 134
CEZRASTSTITEISTIISTITIWESSSTROE=TTET
COMMI TMENT DOCUMENT/
FRATURE

RXCAVATION AWD
FOUNDATIOR
CONSIDERATIONS, ¥DNM.
INEPECTION AND
APPROVAL PROCEDURES

FLOOD PROTECTION
FROK MATUDAL CANERS

SUPPORTING MEDIA FOR
SRISNIC CaAT. 1
STRUCTURES

COMPUTRR PROGRAMS
USED FOR BTRUCYURAL,
SRISMIC &
GROTECHWNICAL
ANALYSIS

CONMPUTRER PROGRAMS
USED FOR STRUCTURAL
SRISMIC &
GROTRCRENICAL
ANALYSIS

COMPUTER PROGRAMS
USRD FOR BTRUCTYURAL,
SEISMIC &
GROTRCENICAL
ARALYSIS

EEEESSIERNICTEINSSS

PROTCARAPHS OF THE
FOUNDATION AREAS
¥ERE TAKEN. THEER
WERE LOGGEZ aND
TRANSMITYER TO GPC
FOR PERMANENY
RETENTION TN THR
FIRLD OFFICE

SITE I8 GRADED TO
DFPER PROTECTION TO
BEISMIC CAT. |
STRUCYURES BY A
HMININUM OF 1%
SURFACE SLOPE

SELRCT COMPACTYED
BACEFILL PLACED FROM
TOF OF CLAY WARL
BEARING BTRATA TO
DESIGN ELRVAYION OF
CAT. 1 STRUCTURRS
RXCEPY AUTILIARY
BUILDING & KSCW
TOWEERS

CLASSI

ICEE-LEASE (McaAUTO
VRRBION)

ICRS BEPOL (McAUYO
YERSION)

SORTED BY SOURCE ANRD BECTION

MODULE HESPONS IBILIYY HEMARKS

DRSIGN CONSY

SST=TE sSIE===S= 8 L B3 5 8-
13a ¥

134 X

13A L]

134 X

134 X

134 X

USER YO COMPUTE
IMPROANCE FUNCTION
OF A LAYERED MEPIUM

USED TO DETERMINE
FACTOR OF SAFETY
AGAINST SLIDING OF
EXCAVATED SLOPES.

USBD TG ESTIMATE
SETYTLEMERTEZ OF FOWER
RLOCE BTRUCTURES

REF NO

1922

923

anz

1287

1292

1293
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$.5  IMPLEMENTATION MATRIX
After the commitments are identified, cach team reviews the
documents controlling its areas of responsibility to veriiy
compliance with commitment requirements. The depth of
verification 1s to the next level of detail below that stated in
the commitment matrix. As an example, if a code is stated as a
commitment, the verification will be to the sections within the
code. 1If a code chapter is stated, the verification will be to
the subchapters.



IMPLEMENTAT | ON

SORTED BY REFERENCE NUMBER

DOCUMENT /FEATURE SECT ION MODULE DESIGN LAST DESIGN FIRST CONST LAST CONST FIRST REMARKS REF NO.

EXPLANATION OF FIELDS

DOCUMENT /FEATURE The document discussed in the FSAR section or the plant feature described in the FSAR section. (See

Commitment Matrix.)

SECTION - The section of the document/feature that is being discussed

MODULE - The Readiness Review modules applicable to the section under discussion

DESIGN LAST,

CONST LAST - "Last” indicates the project document currently containing the information found in the commiiment
DESIGN FIRST,

CONST FIRST - "First" indicates the project document that contained the information found in the commiiment when the a

ctivities governed by the document first bagan.

REF NO. A reterence number that corresponds to the appropriate line entry in the commitment malrix.

0109m/325-5/4



Page No !
11/20/85
MODULZ 134

POCUMENT /FEATURE SECTION MODULE DESIGE LAST

KRG 1 .59, REV 2, BR/77 134 PC-1000-C, RERV.
3, 2-30-83,
APPENDRIX X

ALL SAFETY RRLATED 132 BC-10006-C, RNEV.

STRUCTURES HAVE A 3, ©-30-83,

GRADR ZLEY. OF 720 SERCY. 4.1,

FT. MSL, WRICH IS8 219'-8", SECT.

WELL ABOVRE THE PNF 3.8.3, 220°'-0"

FLOOD STAGE.

A COMPHEEENBIVE 13A

GROUKD WATER

MONITORINKG PROGRAM

HAS BEEN INPLEMENTED

AT VEGP

MAYIMUM DESIGN QOUND 13 BC-1000-C, REY.

¥ATER LEVEL 185.0 3, 8-38-80,

FT. MSL SECT. 4.1.7

RG 1.60, RBEV 1, i3a PC-1000-C, RRY.

12773 3, 8-30-80,
APPRNDIX K

ACCELERATION 0. 12g 134 BC-1000 T, REV.

(ong) 3, 9-30-83,
BECY. 4.3,
§.6.1a

A PLASTIC BACKFILL 13 PC-1000-C, REV.

MIX USKD AS BERDING 3, 8-30-83,

FOR CAY. 2 CIRC. SRCY. 3.5.3

WATEE LINES IN CAT.

I BACEFILL ZONME

CAT. 1 BACEFILL 132

SHOULD B3 SAND &
SILTY SAND WITHE NOT
MORR THAN 26% WEIGHAT
PE~""™T PASSING THE
6.5. NO. 200 SIEVE
SIZR

IMPLEMENTATION

== TSESTSTI=TS

PC-1000-C, RRY.
2, 12-29-81,
APPENRIX R

5C-1000-C, REY.
0, 2-28-74,
SECY. 4.1,
218°-0

BC-1000-C, RMRV.
0, 2-28-74,
SECY. 4.1.7

PC-1000-C, RRY.
3, 9-30 80,
APPENDIX B

BC-1000-C, RRV.
1, 11-22-77,
SECT. 4.3,
6.8.1a

PC-1000-C, REV.
1, 11-22-77,
eECT. 4.3, §.8.1

CONST FIRST

X24P01 C2.18,
KEY. 8, €4-9-88

T24F01 C2.18,
REY. 0, 1-23-78

124P01, C2.4, E2AP0) C2 4,
BEV. 4, 6-18-81, BRRV. O, - -18-81,
CP-Y-22, RRY. 4, CD-T-2., RRY. O,
7-8-84 1e-1-81

R2AP0) C2.2, I2AP01 C.2.2,
#EV. 13, REV. 0, 2-20-79,
11-8-84, X2ABO1, X2ABO1, REV. 2,
REV. 4, ©-27-79, 6-23-78,
Cp-T-01, RBRV. CO-T-01, REV.
16, 2-6-88 10, 9-22-80

PEMARKS

759.

768.

769.

771

772.

773.

NO

.00

0o

00

00

06

Jo

(1]

.00



Page No 2
11/20/,85

DOCUMENT /FEATUR

COMPREHENSIVE
GROUNDWATER
MONITORING PROGRAM
HAS BEEN IMPLEMENTED
AT TRE VEGP

BACKFILL HAS AN
ADRQUATE FACTYOR OF
SAFETY AGAINST
LIQUEFACTION TOR
RACEFTLL COMPATTED
TO 97% OF MAX.
DENSITY OBTAINED BY
ASTM DI5ST.

SEPOL (SETTLEMENT
PROBLEM ORIENTED
LANGUAGE COMFUTRR
PROGRAM)

REQUIRED
CAPACIYY/CAISSON I3
2,150k

ACY “AL
CAPACITY/CAISSOR 1S
5,280%

SURVEY READING

60 DAY INTERYALS
PRIOR TO ARB 30 DAY
INTERVALS AFPTER
STARY UP.

SAFE SHUTDOWN
EARTHQUARER 0.20 PRAR
RORIZON ACCRLERATION
(PHRA) - OFERATING
BASIS RARTHQUARE
0.12 PHA

MOBULK

134

134

134

13a

134

MODULE 134

BC-1000-C, REV.

3, 9-30-983,
SRCTY. 2.2m:
SECT. 9.10

BC-1000-C, RRV.
3, 9-30-83,
AFPENBIX A,
SECT. 3.4

PC-2165, REY. 1,

3-17-83, sgcCY.
2.1

pC-1008-C, REV.
3, 9-30 83,
SECY. 5.6.1a

IMPLEMENTATION

SORTED 3Y REFVERENCE NUMBER

CONST LASTY CONST FIRST

DESIGN FIRSY REMARKS

N2AP01 C2.18, XZ2APCL C2.18,
REY. B, 4 9 8BS REY. 0, 1-23-79

PC-1000-C, REV. ALSO SEE REF

1, 9-30-83, 1903
SECY. 2.20:
SRCY. 9.18

PC-1000-C, ARV.
3, 9-30-83,
APPENDIX &,
SRCTY. 2.4

BC-2166, BRY. i,
3-17-83, sEcrY.
2.1

K2aP01 Cl0.1. E2APD] C10.1, SER MODULER
REY. B, 0)-96-96 REY. O, 11 -04-77 SECTION 6.2

pC-1000-C, REV
1, 11-22-77,
SECY. 5.8.1%

REF¥

775

776

780

781

NO

00

20

00

.00

00

00
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Page No. 3
11/20/85

DOCUMENT ' FEATURE SECTION
SITE IS GRADED TO FSAR SERCT.
CFFER PROTECTION TO 3.4.1.1

SEISMIC CATRGORY 1!
STRUCTURES BY A
MIKINUN OF 1%
SURFACE SLOPE

SRLECY COMPACTRED
SACEFILL PLACED FROM
TOP OF CLAY MARI
BEARING STRATA TO
DESIGN ELEVATION OF
CAT. 1T STRUCTURES
RXCEPT AURILIARY
BUILDING & HSCW
TOWERS

CLASS!I

ICRS-LEASE (McAUYO

VERS(ON)

ICES SEPOL (McAUYO

VERSION)

MINIMUM FACTORS OF
SAFETY

MOPULE DESIGN LASY

ss=s=T

13a

13a

13A

134

DRAVWINGE
AEZD4ASYOO0] BREYV.

AX2DESE00] -REV.

AEZDABE002 WAV,
18,
AE2P458003 WEV.

ANZDE53004- BRY.

BC-1000-C, REV.
3, 9-30-83,
sEcY. 3.5.2

PC-10060-C, RERY.
3, § 30 85,
A9

BC-1090-C, RRV.

3, 9-30-83, aPP.

A, SECT. 8.3

BC-1000-C, WMEY.
3, 9-30-83,
APPRMDIE &,
SECY. B .4

BC-1000-C,
3, 9-30-083,
BRCY. 6.2

APP.

IMPLEMENTATION

CONST FiRST

PESiGN FIRSTY

CONSY LAST

SAME AS LASTY

PC-1080 C, WEV.
1, 11-22-77,
BEYV. 3.6.2

2C-1000-C, REV.

3, 9-30 83, aAPF.
A-9

PC-1000-C, REV.
3, 9-30-83, arr.
A. BRECT. B.3
pC-1000-C, ERV.
3, 9-30-83,
APPENRIX &,
BECT. B. ¢
PC-1000-C, RBY.

2, SRCY. 8.2

INDEX DRAWING

AND FINAL
GRADING
DRAWINGS

SBE ALSO REY

NO

777

923

982

1287

1292

1293

1479

NO

00

00

00

20

Go

00



DESIGNE LAERY

EMi

FOR

1000«
10813,

RERLATIONSHIP pC
NDRAINED ? 9
YOUNG'S MODULUS 13

R-4008u wHERE

UNDRAINED SEEAR

TRENGTH A0DDESY

IWER B wD

TEST DEPTH NOY

SCEERING 24 INCHNES
IN-RIT1
AR MADR

PENSITY
AY A WRIN
BEQUENCY OF PER
20,000 SF OF FILI
'LACED PER FY
RPTH

will

OMPACTION TESTS
OW S3% AND NOT
S8 THAN 10% BPRLOW

N SET oOF

] 8- 30

R
APFERDIXY 2

REV
Fia

INPLEMENTATION

SORTED BY REFERENCE NUMBER

DESIGN FIRBSTY

TZ2A00)

$2ar0)
BE¥. 123
11-9-84
oD-v

16, 7

01

RRY
8 8BS

RZa¥
SEY

1]

|

128001,

T

n

]

2-20
REV
2Ry




IMPLEMNENTAYION

SORTED BY REFERENCE NUMBER

DOCUMENT /FEATURE { MODULE DESIGN LAST DESIGN FIRRY CORST LASY C ol REMARKS

IOCFRIO0, APPENDIX A BC-10006-C, BRRYV BC-1000-C, RRY
3, 8-30-83, 0, 2-28-74,
ERCY 2.86.1c SECcY. 2

COMPACTED TO AVERAGR PC-1000-C, BRV pC-1000-C, E2AP0! Cc2.2, 12AP01 C2.2,

97% OF MAXIMUN 3, 2-38-83, 0, 2-28 BBy i3, REY. 0, 2-20 79,
DENSITY, DETERMINZD BECY. 7 20, BECY. 3 : i1-9-B4, X2AB01, X24001, mEY. 1,
BY ASTM DISST, WITH 3 85.3 REEY. &, CP-Y-C1, CP-Y- 01, RERY. "
#0 TRSTS BELOW 93n RRY. 16, 2-8-88 6-i1-78

AND NOT MORE THANW

iI0% OF TESTS MAETWEEN

a5 AND 93%

AREA MORTE OF PC-1000-C, REY PC-1000-C, EBRY E2AP01 C2.2, I2AP01 C2.2,
TURBINE BLEG 3, 9 30-8), 3, 9-30-83, REY 13, REY 8,
COMPACTED TO AN SRCY 3.56.3 SECY. 3.5.1% 11-9-84, 10-23-81,

AVERAGR OF S5% oF AIZDABTOC], RRY. ARZD4ASYOO!, RRY
THE MAXINUM DENSITY 12, 3-1-82, 11, 5-29-81,
DETERMINED RY ASTH AXZR4GTOOS, RRY AXZ2DASTOOS, REVY
IS57 WITH NOT MOEE 11, 3-1-82, 10, 8-29-81,
THAN 10% OF TESTS CBE-T-01, mRY CP-T-01, BRV
BETHEEN 93% AND 95% 16, 2-26-85 13, FPPCN 924,
AND NO Ta5T BRI 2 9 83

93x

ASTM D24R87 E2aP01 - c2.13, X24P01 -C2.113,
BRY. 2, 1-4-79, BERY. 2, 1-4-79,
BECY. 2.13.148.1 SECT. Z2.13.14»

ASTM D248RS8 | 12aPC1-C2.13, Z2AP01-C2.13,
BEBY. 2, 1-4-79, REY. 2, 1-4-79
S3CY 2.13.143 sRCY 2.13.14x

K2AP0) ©2.2, E2AP01 C2.2.
REV. 15, REY. 3, ¥ 3 80,
i1-9- 84, CB-T-01, EBEV
CPp-T-01, NRv 10, 9-22-80

i6, 2-6 88




Fage No [
i1/720/85

DOCUMENTY /FEATURE

ASTM R422
ASTM D421

ASTM D424

MOISTURE +OR 2%
OPTINUM FOR
SAMD/SILYY SAND
MATERIAL AS
DETERMINED BRY ASTM
D1557

ASTM D1IS556 SAND CONB

SELECT SAND & SILYY
SAND BACKFEILL
COMPACTED TO 97y OF
MAX. DENSITY
DETRAMINED BY ASTN
PI557 PLACER FROM
TOP OF MARL TO
DESIGE ELEVATION OF
VARIOUR POWER BLOCK
STHUCTURES

SECTION

13a

13a

134

13a

134

HODULI 134

E2APH1-C2.13,
REV. &, 1-4-79,
SRTY.
2.13.14%.%,
X2apPel-c2.2,
ERV. 13

E24P01-C2.13,
REY. 2, 1-4-79,
SRECT. 2.13.140.8

9C-i1000-C. REV.
3, 9-30-80,
sgCcY. 3.5.3,
AX2DASTOOE, REV.
13. 3-1-02

!ﬂPllﬂlITATION
SORTED BY IIIIIIICI NUMBDER
DESIGN FIRSY CONST LASY

X2aP01 C2.2,

REY. 13,
i1-8-84, X2AR01,
REV. 4, 9-27-79,
Ch-T 01, REYV.
16, 2-286-88

K2APQ1-C2.13,

REY. 2, 1-4-79,

SECT.

2 1% 14% 8,
R24P01-C2.2,
REF. 0

HR2APOL C2.123,
BV, 2, 1-4-79,
SECY. 2.1%.140.8

X2aP01 c2.2,

REY. 13,
2-20-79, ¥2a801,
RRY. 4, Cp-T 01,
REY. 16, 2-86-C8
R24P01, ©2.2,
REY. 13,
11-9-84, E2a801,
BRY. &, 89-27-78,
co-T-01, REY.
18, 2-26-88

PC-1000-C, REV.

0, 2-28 74,

SgCY. 3.85.3,

AXZDABTYOO04, BKV.

10, &-31-81

CONST FIRST

X2AP01 C2.2,

REV. O, 2 20 79,

X2ABOL, REBV. 2,
6-23-78,

CO-T 01, RBRY
10, 9-22-80

X2aP0% C2 .2,

REY. 0, 2-20-79,

EZ2ap0l, mEv. 1,

cp-7-01, BRV. 9,

11-19-79

X2aP01 C2.2,

#R¥. 0, 2-206-79,

E2AB01, REV. 1,
11-18-78,
cp-1-01,
5-1-78

REVY. 7

SEE MODULE
SECTION 6.2

REF

1892

i893

i858

1895

1896

1897

00

20

90

06

a0



DOCUMENT 'FEATURE

SAFETY FACTOR
GREATER THAN OR
EQUAL TO 23
ACCEPTARLE FOR
ALLOWABRLE BEARING
CAPACITY FOR STATIC
LOADS

SAFETY FACTOR
CREATER THAK OR
CAVAL TO 1 REQUIRED
FOR BDYNAMIC LOADER

ALL CaAY i
SYRUCTURKS SUPPORTRED
ON CLAY MARL STRATUM
OR SAND SILYY EAND
BACKTILL COMPACTED
TO S7% MAX. DENSITY
MEASURED BY ASTH
P1557

A MININUM FACTOR OF
SAFETY OF 3 AGAINSY
SHEAR FATLURE UF
FOUNDATION MATERIAI
UNDER SUSTAINED DEAP
LOAS PLUS LIVE LOAP

LIQUEFACTION
POTENTIAL OF
CATEGORY 1 BACEFiILL
IS BRASED ON A
MINIMUN FACTOR OF
SAFETY OF 1.5
AGAINST
LIQUEFACTION

NMODULE DESIGN LASY

CALC
R2CP-B-103, RERY
G, SERETE 18 AND
24, TABLES

CALC

RECF¥-8-103, REV
0, SHEETS 18 aAwWpP
24, TaABLRESE

PC-1000-C, RRY
3, 9-30-8),
SECY. 3.5.3

pCcC-i1000-C,
3, 9-30-83,
SRCY. 2.28
BECY. 9.10

INMPLEMENTATION

SORTE BY REFERENCE NUMBER

CRESIGE FIREY CONSYT LASY

ChiLC

F2CPr-8-10%, ®Ev
O, BSHERYE 18 amd
24, TABLES

CALC

R2CPr-85-i03, RRY
0, SHERYS 18 amp
24, TABLEE

PC-1000-C, REY¥
0, 2-28-84,
SECY. 3.5.3

CONST

FIRSY

REMARRKS

1960
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4.0 PROGRAM DESCRIFTION

This section contains a description of tae work process utilized
by design and construction associated wi:h foundation mataerials

and backfill.

The program description is divided as follows:

P
oW N

Design

Materials

Training and qualification
Construction

This sa2ction should be reviewed with the following appendixes
that will expand on certain phases of the operation as they

apply:

Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix

0041m/322-5%

TOommonoo»

Organization

Design Control

Procurement

Document Control

Material Control

Inspector Qualification/Certification
Measuring and Test Equipment
Nonconformances



4.1 DESIGN

This section provides a description of design engineering scope,
work flow, documentation, design control, and As-Built
activities related to the design of founcation materialfs and
Seismic Category 1 backfill used to support the major power
block structures including all Category 1 structures.

Site foundation investigations were conducted under the
direction of Law Engineering Testing Company and Bechtel
Geotechnical Services (Geotech) in accorcance with Regulatory
Guide 1.132, Regulatory Guide 1.70, ANUI/ANS 2.11, and ANSI/ANS
2.7. The foundation investigations include surface and
subsurface studies, seismological evaluation, geohydrological
evaluation, in-situ testing, laboratory testing, and analysis of
data. These studies resulted in the development of geotechnical
design parameters and foundation design c¢riteria which were
documented in the Report on Foundation Irvestigation (reference
1) and were transmitted to the project for use in the
preparation of design documents; e.g., design criteria,
calculations, specifications, and engineering design drawings.
The geotechnical design parameters are described and documented
in the PSAR, FSAR, and Report on Investigation (reference 1).
Site investigations are described in section 4.1.1.

Additional related geotechnical foundation and backfill work was
performed during construction. This work, described in section
$.1.2, included excavation, mapping of the powerblock,
backfilling, and settlement monitoring.

Design documents, including calculations. drawings, and
specifications are presented with a discussion of design control
and design change documents, in section 4.1.3.

4.1.1 SITE INVESTIGATIONS

The surface study included reconnaissancc mapping and evaluation
of surface features of the site and adjacent areas. The work
was performed in 1970 through 1972 by Law Engineering and
Bechtel. The results of the surface investigation, together
with the conclusions derived from the study of relevant
geotechnical and geohydrological literature, seismological
reports and data, previous work, maps, and aerial photography
were analyzed and used as the basis for PSAR section 2.5.1,
issued in August 1972. Under the direction of Bechtel,
additional surface studies were conducted in 1976 and 1977 after
resumption of construction activities wh.ch had been interrupted
in 1974. The new surface studies were conducted to comply with
updated NRC regulations requiring surface mapping of a 5-mile

radius around the plant site. This mapping is documented by
FSAR section 2.5.1.




A geohydrological inves'ivation was conducted to evaluate the
effects of the groundwa'er regimen on the foundations of the
power block structures. This study included the collection and
review of groundwater data (e.g., regional water well canvas,
water well data such as depths to water, water well logs, and
water well production records). Observation wells were drilled
at the site to provide water level elevations for use in
developing design crite-ia for the power block structures.
Conclusions developed from the analysis of the groundwater data,
including water level measurements of the site observation wells
and the study of geohydrelogic literature, were used to prepare
PSAR section 2.4.13 and FEfAR section 2.4.12. The conclusions
were also used to establich the design basis for subsurface
hydrostatic loading parameters documented in PSAR section 2.4.13
and FSAR section 2.4.12

Ongoing water level mon.tering provided information used to
update .nd verify the initial design basis for subsurface
hydrostatic loading. Water level measurements and hydrographs
supporting the design parameters are contair=:d in the
Groundwater Supplement (ssued in March 1985.

A seismological investigation was conducted to evaluate the
seismicity of the site and region and to develnp seismic design
parameters. This inves:igation included the study and analysis
of relevant literature, earthquake records, public media
records, and unpublished reports. Conclusions derived from the
investigation provided :he basis for development of hypothetical
design basis earthquake criteria; e.g., operating basis
earthquake (OBE) and sa‘e shutdown earthguake (SSE). The
analysis, description of calculations, and supporting data are
included in FSAR sections 2.%.2 and 2.5.3.

Subsurface foundation studies comprise the bulk of the
investigaiion of foundations. The subsurface studies include
drilling, standard penetration tests, logging, collection ot
disturbed and undisturbed samples, core samples, downhole
geophysical testing, cross-hole seismic testing, permeability
testing, and Menard Pressuremeter tests. Samples collected from
the investigative drillinc were tested by laboratory methods to
evaluate the engineerinyg vroperties of subsurface materials.
The data is documented in the form of drilling logs, geologic
logs, laboratory test results, geophysical logs, and seismic
velocity profiles included in the FSAR or in laboratory test
reports.

Table 4.1 1 lists the geotechnical design documents pertaining
to the foundation inveeticvations.

4.1.1.1 Results of Foundation Investigations

The geologic and soils investigation of the VEGP site has been
completed and the results are described in detail in FSAR



. subsection 2.5.1. This section summarizes the results of the
work performed.

4.1.1.1.1 Subsurface Conditions

. The subsurface conditions in the plant site may be subdivided
into three principal strata. The top stratum consists of sands,

sllty sands, and clayey sands with occusional clay seams. This
stratuvm (Barnwell Group) ies about 90 ft thick. At the base of
the upper sand stratum is a shelly limestone (Utley Limestone)
which averages about 5 ft thick. Below the shelly limestone is

. a stretum consisting of a very hard calcereous clay marl (Blue
Bluff Marl), ranging in thickness from 60 to 100 ft. This
stratum is referred to as the marl bear-ing stratum. The stratum
beneath the marl bearing stratum consiste principally of dense,
coarse to fine sand with minor interbedded silty clay and clayey
silt. This unit (Ellenton Formation) is called the lower sand

stratum. The thickness of this stratum is estimated to be at
least 750 ft.

Based on the results of the site exploration, the existing
in-situ upper sand stratum was determined to have a potential
for liguefaction in the event of a seismic occurrence equivalent

to the safe shutdown earthquake (SSE). 1t was also determined
that the shelly limestone layer is characterized by solution
. channels, cracks, and discontinuities.

The marl bearing stratum is a zone of hard, slightly sandy,
cemented, calcareous clay. It is the uppermost stratum capable
of supporting heavy structural loads. Consistency of the marl
varies from hard to very hard, moderatcly brittle material
resembling a calcareous siltstone or clavstone. The properties

of the marl bearing stratum are described in FSAR paragraph
el Bs B

There is no evidence that the Bluc Bluff Marl bearing stratum

has been subjected to or is potentially subject to subsidence,

collapse, or uplift from earthquake, solution processes, or
. other geological phenomena (FSAR paragraph 2.5.1.2).

4.1.1.1.2 Structural rRecommendations

Based on the evaluation of the s3ubsurface conditions, it was
. concluded that the upper sand stratum materials and the shelly
limestone layer should be excavated down to the marl bearing
stratum and replaced with select sand and silty sand backfill
compacted to a sufficient degree to preac.ude the possibility of
liquefaction and to reduce settlement to a tolerable level.

‘ As a4 result, foundations for the structures consist of either
the bearing stratum (marl) or backfill. Structures, based on
the functional requirements, are founded at various elevations




on the marl, erbedded in the marl, or at various elevations
within compacted Category I backfill material placed on the marl
stratum. The auxiliary bui.ding, nuclear service cooling water
towers, and instrumentation cavity of the containment are
founded on the marl bearing stratum; other Category 1 powerblock
structures including the containment basemat are founded on
Category 1 backfill.

The location and orientation of site structures are shown on
Figure 4.1-1. A north south section is shown on Figure 4.1 2.
These structures include the following:

0 Category 1

Containment building,

Contrel builring,

Auxiliary bu lcding,

Fuel handling btuilding,

Nuclear serv ce cooling water (NSCW) towers and valve

house,

Diesel fuel oil storage tank pumphouse,
Auxiliary fecrdwater pumphouse,

Tanks,

Tunnels,
Diesel generator building.

Iln addition, the following Category 11 structures are founda=d
partially or totally on the Category 1 backfill:

0o Non-Categery 1
Radwas.e transfer building(a),
Radwaste transfer tunnel(a),
Radwaste sol dification building,
Tucbine buildingf(al,
Additional m ncr structures and pads.

A description of Category ! structures is provided in sections
3.8.1 and 3.8.4 of the "SAR. The turbine building and radwaste
facilities are describe: n FSAR section 1.2.2.

e

4.1.1.1.3 Development of

cils Parame.ers

|

The toundation design parameters for power block structures were
based on measured soil parameters obtained by field exploration
and laboratory testinag

a. Indicates structures that are adjacent to Category 1
structures. These structures were evaluated to assure that
they would not change the design basis loadings for
Category 1 structuras.



The results of the subsurface 1nvestigation and laboratory
testing were analyzed and the geotechnicel parameters of the
foundation materials were developed and transmitted to the
project. The geotechnical parameters that are used in
structural design are documented and discussed in FSAR
section 2.5.4.

These parameters were established with close interaction with
the project civil/structural discipline. based on applicable
licensing commitments, industry codes, ard standards; and
implemented in accordance with established and controlled
procedures.

The foundation design parameters, such at soil structures
interaction data, bearing capacity, ana lateral soil pressures,
used in the design are documented in the Report on Foundation
Investigation (reference 1). These pa.aneters provide the basis
for the design of concrete basemat foundetions, allowable
bearing pressures on foundation materiale and backfill,
coefficient of subgrade reactions for wtétic and dynamic
analyses, lateral active and passive soil pressures, and
engineering design properties of soils. Typically, soils
properties required in the design of s.rictuces consist of dry
and moist densities, shear strengtih, Poitson ratio, and modulus
of elasticity. The results of all the fieln and laboratory work
anid data evaluation are covered in the reporis and are listed in
Table 4.1-1.

The nitial criteria for the design of foundations and backfill
Aare contained in the PSAR and were submitted to the Nuclear
Regulatory Commission (NRC) in August 1972. These criteria were
incorporated in the Design Manual (reference 2). The
civil/structural general design criteria (section DC- 1000 C of
reference 2) were first issued in February 1974.

A discussion and summary of the static and dynamic . |
properties ol the upper sand, marl, and ower strata are
presented in the FSAR (paragraphs 2.5%.4.2.1, 2.5.4.2.2. and
7.5.4.2.3, respectively). The static and dynamic soil
properties of compacted Category 1 backf 11 are summarized and
discussed separately in FSAR paragraph 2.5.4.5.2.

A.1.2 GEOTECHNICAL ACTIVITIES RELATED TC CONSTRUCTION AT VEGP

A number of geotechnically related activ ties have taken place
in coordination with the construction of VEGP. The procedures
required to implement these activities were shown and specified
in project design documents and carefully coordinated with
construction. Pecriodic observations and assessments of these
activities were made by BPC HOE and Geotech in the field. The
activities include:



o Excavation and ceologic mapping for the powerblock:
0 Groundwater control;

0 Groundwater monitoring:

0 Monitoring of marl heave;

© Preparation of the marl;

0 ldentification of backfill sources;
0o Test fill progrem;

o Backfill erosion evaluation;

0o Verification of soil parameters;

0 Settlement observation:

0o Postulated Millet Fault studies;

0 Geotechnical verification program.

The above activities ar» briefly described below:

4.1.2.1 Excavation and Geologic Mapping for the Powerblock

Prior to excavation, the soil in the power block consisted of an
upper sand stratum, fol owed by a 70 ft layer of the marl
bearing stratum. and a ower stratum of dense sand with clay to
@ 750 ft depth. All of the upper sand stratum was removed in
the power block area. Mass excavations were carried out from
the existing grade elevation of 210 ft to the top of the clay
bearing stratum at an approximace elevation of 130 ft. The
excavation commenced in May 1974 and continued through
September 1974, Because of project suspension, no excavation
was done from September 1974 to February 1977. VFurther
excavation was resumed upon restart of the project construction
activities in February 1977 and was completed in October 1977,

Within the excavation, a deeper localized excavation into the
marl bearing stratum wac made for the auxiliary building
basemat. The four nuclear service cooling water towers are
founded directly on the marl just south of the auxiliary
building. The other major power block structures are founded on
structural backfill at 2levations above the floor of the
excavation. As excavati.on progressed, the exposed materials
were geologically mapped, including the deeper localized
excavation for the auxiliary building (FSAR Figures 2.%.1.-23,
2.5.1-24, and 2.5.1-25). A discussion of the mapping is
included in FSAR paragraphs 2.5.4.1 and 2.5.4.5.1. There ware
no deformational zones, irregular weathering, jointing or



fracturing systems, crushed zones, or other indications of
structural weakness in the marl bearing stratum.

Bechtel provided geotechnical support through onsite inspection
of the marl and the in-situ soils to assure acceptable
foundations. This foundation inspection documentation is
provided by Inspection Reports and Daily Field Reports.

4.1.2.2 Groundwater Control

Two aquifers underlie the VEGP site. ‘‘hey are hydraulically
separated by an aguiclude identified as the Blue Bluff Marl.
Groundwater in the aquifer underlying the marl is under artesian
conditions, while water table conditions exist in the aguifer
overlying the marl. Since no power block excavations extend
through the marl, only the water table aqguifer affects
excavation, fill placement, and other construction activities in
the power block area. The water table in the power block area
stood between 155 and 160 ft, approximately 30 ft above the
bottom of the excavation; therefore, groundwater control has
been an integral part of the construction process. Requirements
for groundwater control were developed from the evaluation of
site investigative data and were included on the drawings and in
specification X2APOl. These requirements included the
installation of subdrain and educator dewatering systems and
groundwater monitoring welle. Groundwater control
implementation is discussed in section 4.4.2.

Site and regional groundwater conditione are discussed in detail
in FSAR subsection 2.4.12.

4.1.2.3 Groundwater Monitoring

A comprehensive groundwater monitoring p-ogram has been
implemented at the VEGP. This program has been designed to:

© Monitor groundwater levels and movement in both the
confined and unconfined agquifers for the life of the
plant;

0 Monitor levels of groundwater accumulating in the
compacted backfill inside the power block excavation
throughout construction.

A dewatering system was installed in the excavation to control
groundwater levels during construction and placement of
backfill. Effectiveness of the dewatering system was monitored
through the use of observation wells.

A discussion of observation wells and groundwater conditions is
contained in FSAR section 2.4.12.



Observation wells were .nstalled in accordance with
specification X2AP01 C2.1f. Recorde of the groundwater
monitoring are contained in FSAR section 2.4.12.

4.1.2.4 Monitoring of Marl Heave

During the powerblock excavation period, the heave of the marl
stratum resulting from the removal of the overburden and the
dewatering process was f{requently observed and recorded by GPC.
Heave values were measured at different locations within the
powerblock area.

The heave of the marl bearing stratum was monitored during the
power block area excava'ion from 1974 to 1977. An average heave
of approximately 1.25 in. was measured in the power block area.
Field records indicate that most of the heave resulting from the
excavations occurred during the excavation period.

Measurement of heave was performed by measuring the elevation of
survey points placed in the marl relevant to benchmarke
established far outside the excavation and away from all related

construction activity. The locations of these heave pointg are
shown in FSAR Figure 2.%.4-9.

4.1.2.%5 Preparation of the Marl

Evaluation of the marl bearing statrum resulted in the
development of acceptance, preparation, and protection
criteria. These criteria are included as marl preparation and
approval procedures in specification X2AP01-C2.2. These
procedures are discussed in FSAR paragraphs 2.5.4.1.5% and
2.5.8, .5,

Construction activities associated with excavation and
preparation of the marl are described in section 4.4.4.

4.1.2.6 ldentification of Backfill Sources

Surface and subsurface investigations were conducted at the
Vogtle site to evaluate the location and availability of sand
and silty sand suitable for use as Category 1 backfill. These
investigations included the development of specifications,
acceptance criteria, placement procedures, and the delineation
of borrow areas. The investigations, which were initiated in
early 1977, included drilling and sampling of test borings,
excavation and sampling of test pits, and laboratory testing to
determine the properties of the sampled materials. Soil
classification test data from the investigations were cubtained
in accordance with ASTM D 2487, D 2488, D 1140, D 422. and D 424
(specification X2AP01-C2.2 and -C2.13) and were used to identify
and evaluate suitability of materials for use as Category 1




backfill from the borrow areas and the stockpiled material taken
from the excavation,

The exploration programs are discussed in FSAR paragraphr
2.5.4.5.2.2 and the laboratory testing program is discu-sed in
FSAR paragraph 2.5.4.5.2.3. The specification and acceptance
criteria are included in FSAR section 2.%.4.

4.1.2.7 Test Fill Program

A test fill program was conducted to ver:fy suitability of
equipment and excavated materials for use as Category 1 backfill
and to develop inproceses testing, spec.f{' cations, acceptance
criteria, and placement procedures. The program alsc was used
to develop the appropriate compaction procedures required to
achieve an average maximum density of 97 percent according to
ASTM D 1557, with no tests below 93 percent and not more than 10
percent of the tests between 93 and 95 percent. The results of
the test fill program are discussed in FSAR paragraph
2.5.4.5.2.7 and a Bechtel report, Test F.11 Program, Phase 11
(October 1978). The compaction and testing proceduree that were
developed and the eguipment requirements are incorporated into
field procedure CD-T-02 and specificat.or X2APOL.

Control of backfill placement was the responsibility of GPC
Construction. 1Initially, compliance w.th backfill material
specifications and compaction and moisture control procedures
was monitored by Bechtel.

4.1.2.8 Backfill Erosion Evaluation

Category 1 backfill erosion occurred dur ng the later part of
L979. This was a re >rtable deficiency wunder the requirements
of 10 CFR 50.55(e). A special investigation led to
specifications and procedures for remedi.l work. The work plan
was described in a letter from D. E. Dut-on (GPC) to J. P.
O'Rellly (NRC), January 8, 1980. The work was documented in the
Fina! Report on Deviations and Repair of Erogion in Categery 1
Backfill, BPC and GPC, August 1980.

4.1.2.9 Verification of Soil Parameters

Geotechnical investigations were conducted during construction
to verify the geotechnical design parame ers established as a
basis for the foundation design during the PSAR phase for
licensing. These studies consisted of the detailed mapping of
the power block excavations, sampling, i.i-situ testing, and
coring of the marl foundation. Instrumentation for monitoring
heave/settlement was installed and monitored. The verification
program is documented in FSAR section 2.%.4 and FSAg appendix
2B.3. Field work is supported by field notes, field maps and




drawings, daily field reports, field test results, and
laboratory test results.

Geohydrologic design parameters were verified by studies of the
information obtainea from the observation well monitoring
program. Supporting data are included in the Groundwater
Supplement issued in March 198%.

4.1.2.10 Settlement Observation

The structures and the ‘nterconnecting process piping are
designed for building scttlement. A settlement monitoring
program was initiated to record settlements at various locations
in the structures. The monitoring program consists of two
permanent benchmarks inctalled as reference points for
measurement and a large number of settlement marker points. The
locations of the settlement markers are shown on drawing
AX2Z2D55V001, revision 10 deasurements are taken at each marker
at approximately 60 day intervals prior to startup. The
measurements are recorded on drawings AX2D55V002 through - V028
and AX2D55V0S50 through VC63. The total settlements and
differential settlements for the various structures are
determined from these rcadings.

4.1.2.11 Postulated Millet Fault Studies

A special investigation conducted to evaluate the purported
presence and capability of a fault alleged to be near the site
has been completed and provides additional documentation to
verify that the design carthquake criteria established for the
VEGF site are conservat .ve. The investigation ir documented in

a special report, Studies of the Postulated Millet Fault., icssued
in October 1982.

4.1.2.12 Geotechnical Verification Program

In response to guestions raised by NRC staff during the
preparation of the Safe:y Evaluation Report, additional
geotechnical confirmato:y testing and evaluation were performed
in 1984 and 198%. This program included additional coring of
the marl, backfill testing evaluation, installation of

additional observation we le, and settlement analysis. The
program concluded:

© The marl is an impermeable stratum with properties
consistent with those presented in the FSAR.

o The backfill has been densely compacted in accordance
with licensing ~ormitments and engineering design
requirements.




¢ Structure settlement and diife er.ial settlement are
within tolerable limits consistert with assumptions made
for stiuctures and piping analysis.

¢ Although the groundwater evaluation is a continui.ug
program, it is expected to confirm the groundwacer
elevation criteria used in the aralysis of the plant.

in addition to the above, standard penetration testing of che
backfill was conducted during this per.oc. Based on the results
of this testing, Bechtel consultant, Dr. H. Bolton Seed,
concluded that there is no possibility of liquification.
occurring for any level of ground shakinc at the VEGP site and
that liquification is simply not a credibtle mode of failure for
the fill.

The results of the geotechnical clarif cation program are
discussed in the NRC Questions and Responses section of the FSAR
and in letter BS 6079, file X2APO1l.

4.1.3 DESIGN DOCUMENTS

'he design documents pertaining to foundation materials and
Category I backfill are design criteria, calculations,
specifications, and design drawings. 1In addition to the
specifics of the above documents, thie scction discusses design
control and review, design change documents, and reconciliation
of As-Built conditions.

Commitments made in the FSAR are included in the design
criteria, construction specifications, and engineering drawing-
listed in Table 4.1.-3.

4.1.3.1 Design Criteria

The portions of DC-1000C and DC-2146 related to foundation
materials and backfill were prepared by _he BPC Home Office
Engineering Group (HOE) civil/structural disciplines based on
licensing commitments and soil parameter: developed during site
investijations. They are periodically reviewed by Geotech. 1In
addition to providing criteria for the installation of the
backfill, these design criteria provide parameters used by the
civil/structural discipline in the design and analysis of
structures. Project design criteria are listed in Table 4.1-3
and were developed based on the data provided in the reports and
calculations listed in Tables 4.1-1 and 4.1-2.

4.1.3.2 Calculations

All calculations related to foundation materials and backfill
are the responsibility of Geotech.

4.1-11



The foundation and backfill calculations include:

o Determination of an acceptable safety factor against
liquification;

o Estimation of structure settlements and differential
settlements;

o Determination of soil bearing capacity and appropriate
gsafety factor;

o Determination of engineering pruperties and parameters
pertaining to scils and foundation materials described
in section 4.1...7.3.

In addition, foundation and backfill calculations are performed
to support construction activities and to evaluate specific site
situations that develop during construction.

Table 4.1-2 lists the c:lculations supporting the geotechnical
design parameters developedl in the conrse of the foundation
investigations.

4.1.3.3 Specitications

Foundation materials and backfill specifications are prepared by
Bechtel HOE civil/structural engineering group in coordination
with Geotech. These specifications are developed primarily to
provide construction requirements.

The specifications are .ncluded as sections of the
civil/structural constriuction specification X2APO1, and are
listed in Table 4.1-3.

4.1.3.4 Drawings

The drawings related to foundation materials and backfill work
are developed and contrnlled by the HOE civil/structural group
with input from Geotech. Basically, they involved foundation
excavation plans and sections and settlament observation marker
locations, details, and tables.

Table 4.1-3 provides a list of drawings relative to fcundations
and geotechnical work. A large number of other drawings and
sketches based on the design drawings were also prepared to
support the FSAR.

4.1.3.5% Design Control and Review

The VEGP Project foundation materials and backfill design input
by Geotech are prepared in accordance with BPC Hydro and

4.1-12




Community Facility (H&CF) engineering procedures (reference 3)
and ANSI/ANS 2.11, ANS 2.7, and ANS 2..0 (references 4, 5, and
6). The work execution and internal reviews for the soils
engineering and engineering geclogy groups are governed by HALCF
Division engineering functional procedures FP-6547 and Fr 6548,
respectively. Regquired calculations are performed in accordance
with engineering procedure FP-6437. Thete prcoccedures were
reviewed and accepted by VEGP Quality Ascurance (QA) for
adequacy for use in VEGP related work.

Foundation materials and backfill calculetions are reviewed and
approved by the chief soils engineer in the Bechtel H&CF San
Francisco office. The calculations are controlled by the
Bechtel Geotech manager in Norwalk, California. When completed,
the original calculations are transmitcea to the project for
reten:ion in accordance with project procedures.

Civil/structural general instruction number C-18 (reference 7)
provides guidance to civil design groups for foundation
engineering and the use of the geotechnical group tc support the
project. All requests for geotechnical services are coordinated
through the civil/structural EGS, who .s responsible for
coordination with other disciplines involved in the work (e.g.,.
construction).

In addition, Geotech supports the chier civil engineer's review
of the geotechnical and foundation aspects of all projects
(general instruction C-1.4). The chiec( civil engineer's
geotechnical and foundation reviews for EGP were conducted on
April 12, 1977 (preliminary), March 16, .978 (interim), and
November 21, 1978 (final). The civil :GL is responsible for
obtaining Geotech's review of applicable project criteria,
specifications, and drawings.

The results of work performed by Geotech are typically presented
to the project in report form. The reviews of the reports
pertaining to site conditione reievant t. the design of
structures and construction are made ts _he Projuct. Changes in
design or construction of the plant whici may affect prior
geotechnical considerations are evaluated by Geotech. The
results of these reviews, and changes in design or construction
procedures are documented in the proiect files.

Drawings, specifications, and design cri _eria are dev2loped and
controlled by the BPC HOE civil/structural discipline in
accordance with the VEGP Project Reference Manual (PRM). Design
control and review for project activities are outlined in
section 4.1.5 of Readiness Review Module 1, Reinforced Concrete
Structures (reference 8).
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4.1.35.6 Design Change Doucuments

The design change documents relative to foundation materials and
backfill involve the fol.lowing:

o Field Change Request (FCR);
o Deviation/Nonconformance Reports (DR/NCR).
These change documents are reviewed and approved by Bechtel

civil/structural discipl.ines.

4.1.3.6.1 Design Change Control and Construction Support

Design engineering supports conetruction by preparing design
changes and in taking appropriate action on deviations.
Cubsequent tu th: revis on 0 issue of design documents, changes
may be made by approving FZRs, by issuing change notices against
the design documents, by directly revising documents generated
by responsible design groups, and by taking appropriate action
on Deviation Reports (DIl's!. These changes, considered part of
the design documentation, are logged, tracked, and approved by
the discipline engineering group supervisors, regardless of
where they are generated. Approval of FCRs by the Bechtel
project field engineer .s sufficient to implement changes;
however, 2 followup coordination with the HOE engineering group
supervisor (EGS) is performed for those items designed by

Bechtel HOE. For a further description of the FCR process,
refer to section 6.1.3.

The processing of reviews and approvals for the FCRe has shifted
from what wae primarily an HOF activity, at the beginning of
construction, to primar . ly a PFE activity. Since that time,
however, the basic approval requirements have not changed; i.e.,

FCRe were approved by the project engineer or his designee, the
PFE.

she evaluation of the FCR process is described in detail in
Readiness Review Module 8, section 4.1.6 (reference 9).

4.1.3.6.2 Reconciliation of As-Built Condition

A description of the proccss used by the project to control,
approve, and document ciangee in design and the associated

construction support is given in Readiness Review Module 1,
section 4.1.6 (reference 7).

During this phase, the cngineering group, including Geotech,
provides support for such activities as Field DCRs, DRs, and
Construction Specification Change Notices. These activities
ensure that the As-Buil: condition is taken into account and is
evaluated,
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TABLE 4.1-1

GEOTECHNICAL DESIGN DOCUMENTS (Sheet 1 of 2)

Part A FOUNDATIONS

Alvin W. Vogtle Nuclear Power Plant Units 1, 2, 3, and 4
Preliminary Safety Analysis Report (PSAR) and its amendments,
USAEC Docket No. 50-424, 50-425.

Report on Foundation Investigations, Veol. 1, July 1974; and
Vol. 2 (Vol. 2 is in two parts) - September 1974, Bechtel
Incorporated, S.F.

Vogtle Electric Generating Plant Units 1 and 2 (FSAR) and its
amendments, to NRC Docket Nos. 50-424 and 50-425.

Vogtle Electric Generating Plant, Ground Water Supplement,
Bechtel Inc., March 1985.

Report on Foundation Investigations for Radwaste Solidification
Building, Bechtel Chemical and Mineral, Inc. (C&MI),
December 1981.

Completion Report Radwaste Solidification Building Caissons,
Bechtel C&MI, April 1983.

Report of Coring and Laboratory Testing Marl Samples, Law
Engineering Testing Company, November 1977.

Studies of Postnlated Millet Fault, 2 Vol., Bechtel, Inc.
October 1982.

Report of Marl Investigation, Vogtle Nuclear Power Plant, BPC,
December 1974.
Part B BACKFILL

Report on Backfill Material Investigations, Vol. 1 ana Vol. 2
(three parts) - Bechtel Incorporated, Los Angeles, January 1978.

Report on Backfill Material Investigations, Addendum No. 1 -
Bechtel Incorporated, Los Angeles, October 1978.

Report on Backfill Material Investigations, Addendum No. 2 -
Bechtel Incorporated, Los Angeles, November 1979.

Report on Dynamic Properties for Compacted Backfill - Be¢-htel
Incorporated, Los Angeles, February 1978.
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TABLE 4.1 2

GEOTECHNICAL SERVICES CALCJULATIONS (Sheet 1 of 4)

Calculation Number Subject

X2CF-S-8F02 In situ densities and water contents

X2CF-5- SF03 Specific gravity for clay bearing layers

X2CF-S- SF04 Maximum compaction: dry density, and
content optimum moisture

X2CF-S5-SF05 Relative density of in situ sand

X2CF-S-SF06 Atterberg limits

X2CF-5-8SFO07 Results of unconsolidated undrained

triaxial and elastic moduli

X2CF-5-SF08 Consolidated undrained triaxial test
results and elastic modulus

X2CF-S- SF09 Void ratio and compression index
X2CF-S-8F12 Heave due to excavations

X2CF-S-SF14 Soil densities with a»>pth

X2CF-S-SF1% D50 Grain size vs deprn

X2CF-S--8F16 Liquefaction analy-z.s in situ soil

X2CF- S-SF17 Liquefaction analysis compacted soil
X2CF-S-SFz¢ Subgrade reaction modulus for turbine mat
X2CF-§-SF23 Stability analysis of open cut
X2CF-S-SF24 Cyclic triaxial test result

X2CF 5-001 Lateral surcharge pressure on tendon

gallery wall

X2CF-5-003 Lateral pressure on control building
wall by turbine mat

X2CF-$-003A Lateral pressure on control building
wall by turbine nmat

X2CF- §-004 Surcharge equipment loads on backfill
behind tendon gallery

00C3m/3/289- 5%
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TABLE 4.1-2

GEOTECHNICAL SERVICES CALCULATIONS (Sheet 2 of 4)

010

o7

o188

024

025

030

032

033

034

03%

036

Subject

Uplift pressure below marl
Elastic moduli for compacted backfill

Lateral pressure on auxiliary building
north wall

Drain in power block check filter
gradation

Drain in power block check onsite #9
stone

Static modulus of elasticity of marl
from soile data

Settlement of diesel generator building
on stockpile B backfill

Filter design for limestone cavities

Static Young's modulus of compression of
sandy, silty- sand

Strength parameters of compression of
sandy, silty-sand

Lateral soil pressure of backfill
compaction to 95% maximum density

Index and compression strength
properties of backfill borrow

Dynamic soil properties
Flugh model for liquefaction study

Preliminary liquefaction analysis to 93%
compaction

lLiquefaction analysis to 95% compaction
preliminary shear strength

Liquefaction analysis to 95% final soil
properties



Calculation Number

X2CF.

X2CF

X2CF

X2CF

XZCF

X2CF

X2CF

X2CF

X2C¥F

X2C¥

X2CF

X2CF

X2CF

0003m/%/289- 5%

TABLE 4.1 2

GEOTECHNICAL SERVICES CALCULATIONS {(Sheet 3 of 4)

o

Lép]

w

w

v

th

[42]

[42]

-037

-038

-039

040

057

062

064

O064A

070

076

080

087

090

092

095

100

Subject

Earthquake induced settlement

Subgrade reaction for steam tunnel
turbine building

Stability of construction slope adjacent
to control building tunnel

Drain in power block area - filter
gradation

Sheet piling at electrical tunnel

Stability of temporary fill slopes in
power block

Sheet piling for turbine building sumps
without surcharge

Sheet piling for turbine building sumps
with 200 PSF

Containment building sheet pile analysis
Dynamic lateral pressures
NSCWT 1-A sliding stability

Control building differential settlement
Unit 1 schedule

Settlement of CST, AFWPH, RWST, RMWST,
and Tunnels

4600 Ringer crane surcharge to 1T4 Tunnel

Tendon gallery access shaft containment
bases

Coefficient of subgrade reaction

Stability of cut under Lampson crane load



X2CF

K2CF

X2CF

X2CF
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TABLE 4.1-2

GEOTECHNICAL SERVICES CALCULATIONS (Sheet 4 of 4)

103

104

105

106

Sub ject

Differential settlement (containment and
fuel building)

NSCW tower valve house differential
settlement

Backup calculation for revised Table
2.5.4-12 of FSAR

Heave analysis
Review of measured settlment

Settlement analysis



‘ TABLE 4.1 3

PROJECT DESIGN DOCUMENTS
(SHEET 1 OF 2)

. Section

Document _ _No._ Revision _Date Description
Design DC- 1000 C 3 9/30/83 General civil
Criteria criteria
Manual
'l' (civil)
Construction XZAPO1 44 4/23/82 Civil-structural
Specification
Division c2.1 Subsurface
exploration
C2.2 ) 10/23/81 Earthwork and

related site
activities

C2.4 1 L/6/82 Mixing and
. placing plastic
backfill
c2.12 4 1/4/79 Soil testing
services
C2.13 2 1/4/79 Exploration and

testing for
additional
backfill
material

C2.15 2 1/4/79 Obtaining and
testing marl
. core samples in
the power block
area
CZ2.18 5 B/7/81 Piezometers and
dewatering
. wellpoints
Cl0.1 4q 3/14/80 Obtaining and

recording
foundation

I settlement data

0003m/7/289 5




Drawing

0003m/B/289-5

TABLE 4.1-3

PROJECT DESIGN DOCUMENTS
(SHEET 2 OF 2)

Section
__No.

ClR. 12

C1d:3

AX2D46TO01

AX2D46TO04

AX2D55V001

AX2D55V002
voz2s

AX2D55V050
V063

Revision

a

Date

4/15/82

3/11/82

Description

Installation of
steel sheet
piling

Caissons

Excavating plan
Unit 1 and 2
power block

Excavating
sections Unit 1
and 2 power
block sheet 1

Settlement
observation
markers
location and
detail

Settlement
observation
re:ord tables
and graphs

Ma jor structure
settlement
summaries
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4.2 MATERIALS

This section describes the program for the procurement of
safety-related materials. Within the scope of this module, no
safety-related materials required procurement from offsi‘e
sources.

The program description for the borrow of backfill material is
given in sections 4.1 and 4.4 of this module.
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4.3 TRAINING AND QUALIFICATION

This section contains a description of the project programe fo.
training and qualification of design engineers, GPC construction
engineers, contractor staff and craft, and GPC inspectorrs.

For inspectors the information contained should be reviewed
along with Appendix F, Inspector Qualification/Certification.

4.3.1 ENGINEERS (DESIGN)

Engineering personnel assigned to the home office engineering
(HOE) organization and the project field engineering (PFE)
organization receive training to familiarize them with project
procedures governing their assigned responsibilities.

Section 6, part A of the Project Reference Manual establishes
the program structure and requirements for indoctrination and
training of Bechtel Power Corporation (BPC) personnel assigned
to the Vogtle Electric Generating Plant project. It defines
procedures, responsibilities, documentation, and records
maintenance for the BPC project training program. Participation
in the program is mandatory for permanently assigned home office
and jobsite personnel.

The overall training program includes training in the following
subject areas:

o Quality Program;

5> Engineering Indoctrination Program;
o Project Reference Manual (PRM);

o Technical and specialized training;
0 New arrival orientation;

o Quality Concern Program.

The project engineering manager or his designees are responsible
for the formulation and implementation of the training program.
The civil engineering group supervisor (EGS) is responsible for
ensuring that assigned personnel attend mandatory training
classes, receive training in the requirements and the use of
this PRM, and learn the unique technical aspects of their work.
The civil EGS identifies the .raining requirements for each
individual in the civil group commensurate with acesigned tasks,
and maintains training records in accordance with the PRM,
section 6. The project administrator receives and stores
personnel training records for persons no longer assigned to the
project.



4.3.2 GEORGIA POWER COMPANY CONSTRUCTION ENGINEERS

This section discusses the training and gualification of Ceorgia
Power Company (GPC) construction engineers and other personnel
who perform work related to the activities of this module and
report to the civil project section supervisor.

Candidates for construction engineering positions are either
degreed engineers or have construction experience. Normally,
the new engineer is assigned pertinent procedures to read.
Newly assigned engineers work with an experienced engineer who
provides instruction on specifications, procedures, and use of
design drawings. They also familiarize the new engineer with
plant orientation and site organization.

The civil project section supervisor is responsible for making
certain his personnel are capable of performing the tasks
assigned to them. Therefore, in addition to on-the- job training
just described, the supervisor trains his personnel on changes
and revisions to specifications and procedures and provides them
formalized training as necessary to maintain or upgrade job
skills.

4.3.3 CONTRACTOR

The training and certification of contractor personnel to
perform installation work associated with backfill is discussed
in this section. The primary contractor that employs personnel

to perform this work is Walsh Construction Company.

Georgia Power Company reviews and approves training programs
established by the contractors.

4.3.3.1 Walsh

Walsh Constructicon Company is responsible for the installation

of compacted soils in and around the power block at Plant Vogtle.

Walsh employs personnel that are classified as operators,
teamsters, and laborers working out of the various local union
halls to perform excavation and backfill operations.

All craft personnel go through Walsh's training program.
Training that is of a generic requirement is provided throughout
their term of employment. Other training that is of a specific
requirement is given prior to the craft personnel performing the
work (i.e., operator, teamster, or laborer performing any work
in that area). The Contractor Training section, managed by GPC,
gives a directive to the training coordinator on certain areas
with the craft's responsibility.




The superintendents employed by Walsh are familiar with the
general placing techniques of soils work and, after having
received instructions for site requirements, trains the craft
personnel in these techniques.

The training coordinator interfaces with the superintendent over
backfill operations while providing instructions that entail any
construction specification revisions or change notices.

Training is ¢enerally conducted during gang box meetings prior
to the craft starting work for their assigned shift. It may
also be necessary to provide training to close out a corrective
action request should a nonconforming trend develop. These
verbal instructions entail a review of the applicable
procedure/specification requirements as they relate to the
contractor's responsibility and hold points that would involve
Quality Control. The training also includes hands on practical
(skills) training.

4.3.4 1INSPECTORS

This section contains descriptions of the training courses used
to qualify civil QC inspectors employed by GPC and Soil and
Material Engineers, Inc., a contractor specializing in
inspection services. Appendix F contains a detailed explanation
of the certification programs.

The Level 1 inspector records inspection, examination, and
testing data along with implementing inspection, examination,
and testing procedures. The Level 11 inspector performs the
actual evaluation of the validity and acceptability of
inspection, examination, and testing results. Prior to
certification, inspectors are not allowed to independently
inspect for acceptance, but are used in data- taking or
inspection assignments, provided they are under the direction of
a certified inspector who is participating in the inspection,
examination, or test.

The following paragraphs list the types of inspections performed
on the materials and construction processes discussed in this
module. Each paragraph defines the certification titles used to
perform the inspection and a description of the course content
for the individual course(s) that qualify the inspector to
pecform the inspection.

41.3.4.1 Soils Lab lnspection

To perform inspection in this area the inspector must be
certified in either soils inspection or civil lab inspection.
An inspector certified in either of these areas is gqualified to
perform inspection in the soils lab. The primary training
course for the inspector performing work in this area igs Soils
Lab Inspection.



Soils Lab Inspection is a 40-hr course that provides gemneral
information and inspection and testing techniques relevant to
Plant Vogtle. The inspector learns to properly inspect and test
soils in the Civil Quality Control laboratory to the degree
necessary to ensure compliance with construction specifications,
procedures, and design drawings. As with soils inspection,
emphasis is placed on the ASTM Handbook, Selected ASTM Standards
for Soils Inspection and Testing. Completion of the course will
enable the inspector to test soils in the laboratory and to
classify soils both visually and by laboratory testing.

In this course the inspector will:

o Be able to locate, read, and understand specification
codes, standards, and procedures that apply to soils lab
work at Plant Vogtle;

o Become familiar with the composition of soils and the
recommended practices for identifying and describing
soils for engineering purposes;

0 Be able to use the Unified Soil Classification System;

0 Be able to locate, read, and follow specified documents
that describe in detail the methods of conducting
laboratory soil tests that are performed at Plant Vogtle;

o Exhibit understandiug of the principles of various soils
tests;

o Demonstrate the ability to perform the ASTM tests or
other relevant laboratory soils Lests listed below:

ASTM D2216-71 - Laboratory Determination of Water

(Moisture) Content of Soil, Rock, and Soil Aggregate
Mixtures,

ASTM D1140-54 (1971) Test for Amount of Material in
Soils Finer than the No. 200 (7% Mm) Sieve,

ASTM D422-63 (1972) Particle Size Analysis of
Soils,

ASTM D423 .66 (1972) Test for Liquid Limit of Soils,

ASTM D424-59 (1971) - Test for Plastic Limit and
Plasticity Index of Soils,

ASTM D15%6-64 (1974) Density of Soil in Place by
the Sand Cone Method,

ASTM D1%57-70 - Moisture Density Relations of Soils
Using 10 1b. (4.5 kg.) Rammer and 18 in. (4%7 mm)
Drop:




o Be able to evaluate soil lab test results in relation tc
Plant Vogtle specifications and to determine
acceptance/rejection of inspection.

4.3.4.2 Soils Inspection (Field)

To perform inspections in this area the inspector must be
certified in soils inspection. An inspector certified in this
area is qualified to perform soils inspection (field), soils
inspection (lab), and waterproofing. The applicable training
course for this is Inspection of Grading, Excavation, and
Compacted Fill.

Soils Inspection is an BO-hr course that provides general
information, inspection, and testing technigues relevant to
Plant Vogtle. The course also includes laboratory instruction,
discussed in section 4.3.4.1 of this module. The inspector
learns to properly inspect and test earthwork operations to the
degree necessary to ensure compliance with construction
specifications, procedures, and design drawings. Major enphasis
is placed on the ASTM Handbook and selected ASTM Standards for
$0ils Inspection and Testing. Completion of the course will
enable the inspector to classify soils both visually and by
laboratory testing, to test soils in the field and laboratory,
and to interpret earthwork drawings.

In this course the inspector will:

o Become familiar with the composition of soils and means
for visually classifying soil;

0O Be able to use the Unified Soil Classification system;
Be familiar with various types of earthwork equipment;

o Understand the fundamentals of earthwork operations;

© He able to use relevant earthwork drawings:

o Understand the principle behind and be able to run,
correctly and safely, required soils lab and field tests

using relevant codes, standards, specifications, and
procedures.

Some standards the inspector becomes proficient in the use of
are

o Moisture content of soils

Oven dry method (ASTM D2216).;



Particle size analysis of soils samples

Wash 200 (ASTM D1140),
Sieve analysis (ASTM D422),
Hydrometer test (ASTM D422);

o Atterberqg limits

1

Plastic limit and plasticity index of soils,
(ASTM D424);

Liquid 1imi%t of soils (ASTM D423). .

0 Moisture/density relations of soils

Standard proctor (ASTM D698B),
Modified proctor (ASTM D1557);

0 Sand cone method of field testing (ASTM D1566);

0 Drive-cylinder (Shelby Tube) method of field testing
(ASTM D2937);

0 Nuclear gauge method of field testing (ASTM D2922) (ASTM
D3017).

s
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4.4 CONSTRUCTION

4.4.1 CLASSIFICATION AND PLACEMENT OF BACKFILL

4.4.1.1 Backfill Sources and Selection

Select Seismic Category 1 backfill (sand/silty sand) was
obtained from two sources, the power block excavation and
selected borrow areas. Materials removed from the power block
excavation were tested for suitability for use as Category I or
other backfill and stockpiled accordingly. An exploration
program was conducted to identify borrow areas for additional
materials. Nine borrow areas were identified.

Sources, quantities, and criteria for suitability of materials

are discussed in detail in FSAR paragraphs 2.5.4.5.2.1 and
2.5 85,88,

4.4.1.2 Backfill Placement

Compacted backfil) irf placed in the power block area from the
top of the marl stratum at approximately el 130 ft to the design
elevation for each structure. The auxiliary building, the
nuclear service cooling water towers, the containment
instrumentation cavity, and the radwaste sdo>lification building
are supported directly on the ma-1 stratum. The radwaste
solification building foundation consists of large diameter
drilled caissons extending into the marl stratum. The other
safety related power block structures are supported on compacted
backfill.

With the exception of an area north of the turbine building and
in localized areas around nonsafety-related piping buried above
the water table, backfill in the power blcck area is compacted
to an average of 97 percent of the maximum density determined by
ASTM D15%7, with no tests below 93 percent, and not more than 10
percent of the tests between 95 and 93 percent. The procedure
used to achieve the required degree nf compaction was developed
in a test fill program described in section 4.1.4.3.2 anéd
discussed in detail in FSAR paragraph 2.5.4.5.2.7.

The area notth of the turbine building was compacted to an
average of 95 percent of the maximum density as determined by
ASTM D 1557, not more than 10 percent of tests between 93 and 9%
percent, and no test below 93 percent compaction.

Placement of backfill in localized areas and the use of lean
concrete and plastic backfill are discussed in FSAR paragraphs
2.5.4.5.2. Criteria and procedures required for placement of
Category 1 backfill, non-Category 1 backfill, and lean concrete



or plastic backfill are contained in specification X2AP0O1 and
field procedures CD-T-01, CD T-02, and CD-T. 22.

4.4.2 GROUNDWATER CONTROL

8ite and regional groundwater conditions are discussed in detail
in FSAR subsection 2.4.12.

Prior to excavation, the water table in the power block area
stood between elevation (el) 155 and 160 ft. When excavation
progressed below this level, significant slope seepage began and
temporary construction dewatering was begun (described in FSAR
paragraph 2.4.12.1.2.2.1 and appendix 2B). Clay seams in the
upper sands caused local perching of groundwater, and seepage
continued from the slopes at the top of the clay seams, even
though the water table was drawn down elsewhere in the
excavation.

When excavation extended into the marl, a perimeter drainage
system was installed (FSAR paragraph 2.4.12.1.3.3.1) and work
progressed under dry conditions. Seepage from the slopes of the
power block excavation continued with a gradual decline in the
elevation of the top of the seepage zone. As a part of the
dewatering system, the zone of seepage was covered with a filter
blanket up to el 160 ft. The filter blanket provides protection

against sloughing while acting as a conduit to the perimeter
drain.

The subdrain system continued to be effective in maintaining
reduced water levels as required for placement of Category 1!
backfill in the power block excavation. However, as the
placement of back®ill progressed, subdrain control of water
levels in the backfill became less effective during the periods
of heavy rain which occurred in 1979. Consequently, a well
point dewatering system was designed and installed to supplement
the subdrain system.

4.4.3 STABILIZATION AND PREPARATION OF OVERBURDEN CUT SLOPES

Slope protection is discussed in detail in FSAR paragraph
2.5.4.%.1.4.

During the early stages of excavation, intense rainfall caused
erosion of the 2:1 side slopes of the power block excavation.
The uncemented sands above the marl were eroded, resulting in
deeply incised gullies in some areas. These gullies were
backfilled with the native soil material, and local areas of the
slope were regraded. After regrading of the eroded areas, berms
were constructed around the tops of the slopes to control
runoff. The surfaces of the slopes were sprayed with the
chemical stabilizing agent Petroset, a colorless liguid which
sets up and tends to bond the sand grains together. These




measures proved to be successful in controlling further erosion
on the upper slopes. As excavation proceeded, ercosion problems
farther down the slopes were encountered as a result of seepage
of the perched groundwater out of the slopes. Since stabi.iizing
agents were expected to be ineffective under these conditions,
the lower portions of the slopes were blanketed with a
transition zone material and covered with riprap to improve
stability.

4.4.4 EXCAVATION AND PREPARATION OF MARL

4.4.4.1 EX ation

Excavation work was started in May 1974 and completed in October
1977, including a construction postponement from September 1974
to February 1977. The power block area was excavated and graded
to an elevation of approximately 130 to 135 ft near the top of
the marl bearing stratum. The excavation for the power block
structures at the VEGP site was roughly square; there were three
access ramps, one each in the northwest, southeast, and
southwest corners of the excavation. It measures approximately
1400 ft on an edge at the top and 1000 ft on an edge at the

toe. The side slopes were cut at a gradient of two horizontai
to one vertical. The total excavated volume in the power block
was approximately 5,000,000 cubic yards. Within the excavation,
a deeper localized excavation into the marl bearing stratum was
made for the auxiliary building basement. Excavation procedures
are discussed in FSAR paragraph 2.5.4.5.1.1.

4.4.4.2 Preparation of Marl

The Blue Bluff Marl (marl bearing stratum) at final grade in
foundation areas was exposed using either a motor grader or
Gradall. Loose material was then removed by shovel, broom, and
air hose. On the vertical walls of the auxiliary building
excavation, final trim to neat line was accomplished with
backhoe, followed by pick and shovel and air hose techniques.

In cases where final grade was exposed and cleaned, the marl
surface had to be covered in an approved manner within 24 hrs of
exposure. Before placing the permanent cover material in any
foundation area, the marl was inspected and approeved by the
geologist or soils engineer in accordance with prescribed
procedures, including preparation of approval documents.

Marl preparation and approval procedures are included in
specification X2APO1 C2.2 and described in FSAR paragraphs
2.5.4.1:,% and 2:5.4.1.8.



§4.4.5 SITE SETTLEMENT MONITORING PROGEAM

A settlement monitoring program was initiated at VEGP to record
settlements at various locations within the structures. The
monitoring program consists of two permanent benchmarks
installed as reference points for measurements and a total of
111 monitoring points. The locations of settlement markers are
given in Figure 2.5.4.-11 of the FSAR.

After installation of each settlement marker, the construction
group recorded the initial elevation using first order leveling
procedures. After establishing the initial settlement marker,
elevation settlement surveys are conducted at a maximum interval
of 60 days. GPC construction then transmits the settlement data
to Bechtel Civil/Structural Engineering.

The settlement monitoring program for power block structures 18
described in detail in specification X2APO1 (C10.1 and FSAR
section 2.5.4.13.2.

4.4.6 SEISMIC CATEGORY 1 BACKFILL PLACEMENT

After preparation of the marl, the backfill placement was begun
in the turbine building area by Manhattan-Walton in accordance
with specification X2ABOl. 1In May 1979 a new contract was
awarded to Walsh Constructiocn Company for backfill operations
under specification X2APO1.

The following section contains a brief description, flow chart,
and list of procedures and speci. ications applicable to the
placement of Seismic Category 1 backfill.

The flow charts illustrate the contractors' work activity as
well as the resulting inspection and engineering activities
required to support, inspect, and document these work

processes. Each organization listed in the left hand margin of
the flow chart is responsible for all activities shown to the
right. The nodes (circles) denote the starting and completion
points of work activities. Between the nodes are descriptions
of the work activities performed and the applicable procedure
governing that work activity. The dotted lines with directional
arrows indicate the flow of documentation or instructions for an
activity. The flow chart does not contain the flow of
documentsg, such as Deviation Reports or Field Change Requests,
as they may be generated at any time; their approval,
distribution, and resclution processes are described in
Appendix B, Design Control, and Appendix H, Nonconformances.

The description preceding the flow chart defines which
contractor is responsible for the work noted on the flow chart
and which QC organization performs the regquired inspection.




4.4.6.1 Flow Chart Activity Description

This section covers the borrowing, placement, and inspection of
Category 1 backfill. Figure 4.4-1 is a flow chart of activities
for the installation of Category 1 backfill.

The Category 1 backfill is placed within the confines of the
power block excavation and provides support for Category 1
foundations not founded on the marl bearing stratum.

Category 1 material was obtained from sources located at the
plant site. Nine borrow areas and a stockpile of material from
the power block excavation were evaluated and designated as
acceptable sources of Category I backfill material.

Category 1 backfill material was placed in the power block from

the top of the mar]l bearing stratum, approximate elevation (el)

130, to the design elevation for each structure or finish grade,
approximate el 210. The marl bearing stratum was inspected by a
geologist prior to being covered by Category 1 backfill.

Sands and silty sands were placed in six inch uncompacted lifts
for heavy compaction areas and four inch lifts for hand
compacted areas, moisture conditioned by water truck or
waterhose, and then inspected by QC. QC then inspected the
material to assure the moisture content was within a range of +2
percent to -3 percent of the optimum moisture cont~at. The
material was then compacted.

After a second l1ift of material was placed as described above,
QC performed a sand cone density test. After the sand cone test
is performed and accepted, the next lift is placed.

Specification X2APOl1l section C2.2 and Field Procedure CD-T-01

are used as the controlling requirements for the excavation,
inspection and testing of Category 1 backfill.
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5.0 AUDLLITS AND SPECIAL INVESTIGATIONS

This module section contains a discussion of the Quality
Assurance (QA) audit process, NRC inspections, and special
evaluations performed in the area of foundations and back{ill.
Throughout the Plant Vogtle construction program, onsite audits
have been performed by Georgia Power Company (GPC) QA. In
addition, regularly scheduled and periodic NRC inspections and
investigations have been conducted. These included the
Systematic Assessment of Licensee Performance (SALP) evaluations
and a special investigation performed by the Regional
Construction Assessment Team (CAT). Plant Vogtle was also 1 of
22 utility sites that initially participated in the formation of
onsite investigations by Institute of Nuclear Power
Organizations (INPO). An off-shoot of the pilot INPO program
and the subsequent follow-up onsite investigation was the
formation of the Self Initiated Evaluation (SIE) program.

The content of this section is divided into three subsections:
4.1 Design, 5.2 Construction, and 5.3 Past Construction and
Design Problems. The subsection, Design, is limited to
discussion of audits and NRC inspections pertaining to design
related items. The subsection, Construction, is limited to
discussion of audits and NRC inspections pertaining to
construction related items. The subsection, Past Construction
and Design Problems, includes both the design and construction
aspects of the problem areas.
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5.1 DESIGN

Design audit activities provide assurance to Georgia Power
Company management that design control processes were
accomplished as required by 10 CFR 50 Appendix B and com.itments
defined in the FSAR, Design (Criteria) Manual, and Project
Procedures Manual. The auditing procese is described in detail
in Appendix 1.

Project audits include the auditing and evaluation activities
conducted by Georgia Power Company (GPC), Southern Company
Services, and Bechtel Power Corporation (BPC). Special
investigations including the Institute of Nuclear Power
Operations (INPO) and the Self-Initiated Evaluation, have also
been conducted to review the design control process. Routine
inspections performed by the Nuclear Regulatory Commission (NRC)
at the Vogtle jobsite have involved various aspects of design
control processes.

Section 5.1 identifies audits and resulting findings/violations
associated with Module 13A, Foundation Materials and Backfill,
for design control activities related to that subject. Audits
with findings that specifically pertain to foundation materials
and backfill include inspections by Georgia Power Company,
Bechtel, and the NRC. These activities are briefly described in
the following paragraphs.

If a finding or deficiency occurred in construction because the
construction specifications requirements were not met, it
constituted a finding in construction and not design. However,
1f the construction specification requirements did not
accurately reflect codes or standards, or required clarification
through revision, the finding was considered related to design,

even if originally the deficiency was discovered during a review
of construction activities.

5.1.1 GEORGIA POWER QA AUDITS

The determination of audits applicable to this module was
accomplished by establishing specific considerations. Only
those audit findings applicable to the design of foundation
materials and backfill were considered.

Regularly scheduled audits are conducted by GPC Quality

Assurance (QA) to verify compliance to project requirements for
all contractors.

Although several audits conducted by GPC addressed foundations
and backfill, the majority of the audits and related findings
addressed construction and inspection deficiencies, not design
deficiencies. As indicated in the Design Audit Matrix, only
four audits conducted by GPC pertain to design, of which twc
teflected deficiencies in design control.



5.1.2 BECHTEL AUDITS

Each BPC project maintains a group of qualified QA personnel to
schedule, plan, and conduect audits of project activities when
some design activities are performed off project by support
groups within BPC, the audits of that activily are generally
conducted by the BPC management QA organization.

The major design effort for activities within the scope of
Module 13A was accomplished by the Hydro and Communities
Facilities (H&CF) Geotechnical Services Group. Therefore,
design audits specifically addressing foundations and soils were
not conducted by BPC Vogtle Project QA, but were conducted by
the BPC management QA and H&CF QA group. However, only the BPC
management audits specifically applied to Vogtle.

The following is a summary of design audits and findings
conducted by BPC management QA:

Audit Number Date Number of Findings
3.006-A 4/77 04/18 - 04/22/77 6
3.006-1/78 01/16 01/29/78 3
3.006-1/79 0L/22 - 02/02/79 4
3.006-2/80 02/04 - 02/08/80 0

Two of the above findings related to deficiencies with
procedures and interfacing with internal design groups. When
procedures were revised by H&CF, they were implemented prior to
review and received concurrence from the project. The Vogtle
project had not received and concurred with the design procedure
prior to its implementation. Corrective action was taken
immediately in that all procedures were reviewed, revised
accordingly, and approved by the Project.

One procedure indicated a deficiency in the Design Control
Checklist (DCCL) program. Design Review Notices, were not
submitted and approved with the applicable document. Procedures

were reviewed and training was conducted addressing procedural
requirements for the DCCL.

The remaining 10 findings related to calculations. Several
non-technical deficiencies such as filing, micro- filming,
page-numbering, checking, missing references, and approvals were
described. All deficiencies were corrected to the satisfaction
of BPC management QA auditors and closed.
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5.2 CONSTRUCTION

5.2.1 PROJECT AUDITS

5.2.1.1 Georgia Power Audit Findings

The GPC Quality Assurance (QA) Department conducts regularly
scheduled audits to verify project compliance with the
applicable project documents. Any finding from an audit is
reported to the management of the audited organization for
corrective action.

The QA audits discussed in this section provided in-depth
reviews of foundations and backfill activities during the life
of the project. These audits focused principally on the work
activities as they were conducted, including field work and
primary QA documentation. The matrixes in this section outline
the specific areas covered and the types of documentation issues
that were raised and resolved.

Audit findings have been tracked in four ways by QA. These
methods are Audit Finding Reports (AFR), Observations (OBS),
Deficiencies (DEF), and Corrective Action Requests (CAR). Of
the four metheds, only two, AFR and CAR, are currently being

used on the project. A more detailed explanation of the audit
process is found in Appendix 1.

Twenty-two audits addressed the programs and processes involved
with foundations and backfill. Those 22 audits resulted in 11
findings, 2 observations, and 2 deficiencies that are listed in
the findings matrix at the end of this section.

Each audit was reviewed and classified into one or more of the
eight categories listed below:

Audit No. of Audit
Category Fregquency __Findings
Materials 4 0
Training/Qualification 5 §
Fabrication 12 0
Inspection 12 2
Testing 20 6
MSTE 7 4
Document Control 4 0
QA Records 9 2

Each finding was reported to project management and received an
evaluation that included an assessment of its impact on the

project, corrective action, and action to preclude recurrence.



No audit findings within the scopc of Module 13A were reportable
in accordance with 10 CFR 50.55(e).

The findings, observations, and deficiencies were evaluated by
the construction team who determined that no major problems were
identified. Three of the potential problem areas involved
correct use of moisture correlation curves (020-DEF and 023 OBS)
and the proper grouping of sand cone test results (AFR 321).
These areas were reviewed as part of the Readiness Review
assessment. After evaluation by the assessment team and by the
project, it was determined that the corrective action taken to

resolve the audit findings has corrected the problems with no
identified recurrences.

$.2.1.2 INPO Evaluations

The Vogtle project has participated in two INPO construction
project evaluations, one in 1982 and one in 1984. The 1982
pilot evaluation was the first time the evaluation criteria had
been applied in the industry.

There were no findings during either of these evaluatiors which
pertained to foundations and backfill.

5.2.1.3 Self-Initiated Evaluation

During September and October 1982, the project initiated an
evaluation of design and construction activities that was
conducted by a team of non-project senior technical and
management personnel from GPC, Southern Company Services, and
Bechtel Power Corporation (BPC). The evaluation assessed many
of the programs and activities on the project using the INPO
criteria for construction project evaluations.

There were no SIE findings in the area of foundations and
backfill.

5.2.2 NRC INSPECTIONS

Ferty-seven NRC inspections have addressed foundations and
backfill resulting in 5 violations within the scope of the
construction assessment for Module 13A.

NRC inspection coverage and findings were reviewed and
classified into one or more of the eight different categories

used to classify the GPC QA audite. The results are summarized
in the table below.




Audit No . of

Category Frequency Violations
Materials 2 1
Training/Qualification 0 0
Fabrication 30 G
Inspection 22 2
Testing 20 1
M&TE 9 1
Document Control 0 0
QA Records 9 0

The five violations are discussed below.

Of the five violations identified by the NRC, three were
isolated violations of procedures or specifications. The
cremaining two, 79-13-01 and 80-07-01, although not isolated,
were evaluated at the time of detection and determined not to
affect the acceptability of any test or hardware. Corrective
action resulting from the findings included correction of
existing procedures to preclude recurrence.

The Readiness Review construction assessment included a review
of the documentation for examples of recurrence of the above
referenced violations. The only area where other examples were
found was in the area of moisture control. All identified
instances occurred prior to the audit finding and none were
identified by Readiness Review since implementation of the
corrective action. Discrepancies identified by the assessment
team were documented as Readiness Review Findings.

All NRC inspections are listed in the audit matrix at the end of
this section and the violations are listed in the findings
matrix. NRC violations are circled, whereas 1nspectoz followup
items, unresolved items, or licensee-identified items assigned a
tracking number by the NRC are not circled.

5.2.3 GSUPPLEMENTARY INVESTIGATIGNS

During the second quarter of 1985, 10 standard penetration soil
test borings were performed to evaluate the Seismic Category 1
backfill at the Vogtle plant site. This testing was done in
response to questions by the NRC concerning the adequacy of
Category 1 backfill.

These soil investigations were performed by Law Engineering
Testing Company to a specification prepared by Bechtel. The
boring locations were selected to provide wide coverage of areas
where Category 1 backfill was placed. The standard penetration
tests were made at 2.5 ft intervals thoough the fill. The
procedures for drilling and testing conformed to those discussed



in The Influence of Standard Penetration Tests Procedures in
Scil Liguefaction Resistance Evaluations by Seed, Tokimatso,
Harder and Chung.

Dr. H. Bolton Seed evaluated the results of the standard
penetration teste in Category 1 backfill and concluded that the
blow counts are consistent with a very dense, reasonably uniform
fill. He concluded that there is no possibility of liquefactien
occurring in this soil for any level cf ground acceleration that
may develop at the Vogtle site and that liquefaction is simply
not a credible mode of failure for this fill.

The high densities encountered have been attributed to the
construction procedures used at the Vogtle site. The results of
the standard penetra‘ion test program provide significant data
demonstrating that the Vogtle fill meets the licensing
commitment.

0066m/322-5




CONSTRUCT 1ON_AUDITS

EDIT INFTEATING AUDITY MATE. TRAIN/ FABRI- INSPEC- TEST- MEASURE  DOCUMENT QA
NO. ORGAN!ZATION NUMBER DATE MODULE RIAL QUAL CATION TION INE ATEST EQ CONTROL  RECORDS

EXPLANATION OF FIELDS

EDIT NO. Internal reference numbers

INITIATING ORGAN!ZATION The organization performing andit or inspaction:
G QA - Georgia Power Company QA Depar tment

HART N 616 - Hartford Steam Boiler and Inspection Company

NISCO = Nuclear installation Service Company
NRC-INS - Nuc lear Regulatory Commission Inspection Repor +
Wast - Westinghouse
8PC = Rechte! Power Corporation
SES = Southern Company Services
INPO - Institute of Nuclear Power Operations
AUD!T NUMBER ldent| fication number of audit or inspection assigned by initiating organization
DATE . Date of audit or report receipt date
MODULE Readiness Review module number
MATERTAL - Material, storage, damage, handling, claan! iness, etc,
TRAIN/QUAL Training and qua!ification of parsonne|
FABRICATION _ Manufacturing/installation activities
INSPECT 1ON inspection and nondestructive examination
TESTING . Pressure tests, flow tests, load tests, etc.
MEASURE & TEST EQ Measurement and test equipment
DOCUMENT CONTROL Document control
QA RECORDS - Qua!ity Assurance records

0109m/325-5/3



rage No !
12 /04 /RE
CONSTRUCTION AUDITS
| ‘!-'()DUI.IQ 134
EDIT INITIATING AUDIT DATE MODULE MATERIAL TRAIN/ FARRIC INSPECT TESTING MEASURE DOCUMENT Ga RFEMARKS
NO ORGANIZATION NUMBER QUAL ATIOR 10N LTEST BEQ CONTROL RECORDS
4 GPC-QA cpo!-77/02 07-26-77 13A X
5 GPC QA cpol 77708 10-21-77 13a 011
6 GPC QA cpol1-77/09 01-05-78 13A X X
B GPC QA cChol-80,20 05-14-80 13A L§ X X ¥ X X
9 GPC-QA cpei-80/31 07-23-80 13A X - 134 X X
10 GPC QA chol-81/12 02-24-81 13A » : 172 X
Il GPC QA cpel-B1/25 05-04-B1 134 X X X X X
12 GPC QA chol-81/43 06-25-8B]1 13A ¥ X X ¥ X
12 GPC QA cCpO1-B2/15 02-05-B2 13A X X
14 GPC-QA cpoil-B2/57 05-17-B2 13A X X X
15 GPC QA cpol -82/92 08-09-82 13A 024-0B8 020-DEF
.321,32
2,023-0
BS
I6 GPC QA cpoi-82/97 0B-25-62 134 X o 026-DEF
17 GPC QA cCpOl-83/07 02 0B-B3 13A X X
I8 GPC-QA CBO1-83/33 05 04-83 13A X X X X
19 GPC QA cpel-83/65 08-08-8B3 134 X X
20 GPC- QA CDO1 B3/95 11-16-8B3 134 X X X *

95 GPC QA cCD05-79/26 10-19-79 134 X X X X



~N

Fage No.

12/04/85
CONSTRUCTION AUDITS
" woouis 13
EDIT INITIATING AURIT DATE MODULE MATERIAL TRAIN, FABRIC- INSPECT TESTING MEASURE DOCUMENT QA REMARKS
NC ORGANIZATION NUMBER QUAL ATIO iON LTEST EQ CONTROL RECORD
96 GPC QA cD05-81/32 05-19-81 134 X X
179 GPC-QA CP12-85/42 05-2B-85 13A X X X CATRGORY 1
BACKFILL
284 GPC QA GhO4 BO/35 08-13-8B0 13A » X
303 GPC QA GR06-78/01 02-16-78 134A 615,016, 017
018,019
755 GPC QA TRO1 81/62 08 27-21 13aA 240 4 X
R23 NRC- INS 74-03 09-17-74 134 X X X X
B27 NRC-INS 75-01 06-02-75 13A X
8390 NRC INS 76-01 11 24-76 13A X
B35 NRC-INS 77-01 02-15-77 13A X
1599 NRC INS 77-03 07-06-77 134 X X
B42Z NRCT-INS 77-04 12-01-77 13A X 77-04-01
844 NRC INS 77-05 12-01-77 13A X X X X X
846 NRC - INS 78 01 03-10-78 13a ' 78-01-01
848 NRC INS 7802 03-13-78 13A X X X
B64 NRC- INS 78-07 10-19-78 134
B91 NRC - INS 79-08 05-24-79 134 73»08 21 X
(v)
B95 NRC- INS 79-11 07-05-75 13A 79-11-901 X 79-11-02
(v) (¥)



Page

No

12/04,/85

EDIY
NO

899

067

910

933

936

937

943

958

965

INITIATING
ORGANIZATION

NRC

NRC

NRC

NRC

NRC

NRC

NRC

NRC

NRC

NRC

NRC

NRC

NRC

NRC

NRC

NRC

INS

INS

INS

INS

INS

INS

i

AUDIT

NUMBER

RO

80

80

80

80

80

80

L]

80

8O

80

04

05

06

07

DATE

08

03

03

e6

05

06

07

10

10

23
21
22

24

Z8

29

01

g1

-03

23

28

79
79

79

80
80
80

8|0

80

81

80

80
B8O
80
80

80

CONSTRUCTION AUDITS

MODULE 134
MODULE MATERIAL TRAIN/ FABRIC
QUAL ATION

13A

134 X

i3a X

134 79-18-0
1

13A

134 X

13A X

134 B0 04 -0
i

134 X

13 BG-06-0
|

134 X

13A X

13A

i3a L}

13A

134 X

TRSTING

80-07-0
(V)

MEASURE DOCUMENT QA REMARKS
&TEST ERQ CONTROL RECORDS
79-13-01 X
(v)

X

X

¥



Page No. 4

12/04/85
CONSTRUCTION AUDITS
" wobure 13a
EDIT INITIATING AUDIT DATE MODULR MATERIAL TRAIN/ FABRICT  [NSPECT TESTINC MEASURE DOCUMENT Qa REMARKS
NO ORGANIZATION lUNSlll QUAL ATION ION ETREST EQ CONTRCL RECORDS
989 NRC-INS 81-09 16-22-81 134 X * X
995 NRC- INS g81-11 12-02-81 13a X
998 NRC-INS B1-13 12-28-8B1 13A X
1006 NRC INS BZ2-01 G1-29-82 13a X
1011 NRC-INS 82-03 03-09-8B2 134 ?2 03-0
1023 NRC-INS B2-06 04-12-82 17 X X
1031 NRC-INS 82-09 05-26-82 13A * X X
1045 NRC-INS 82-12 06-15-82 13A X
1057 NRC INS B2 14 07-19-82 13aA *
1062 NRC-INS 82-15 06-21-82 13A X <
1103 NRC-INS 82-26 11-22-82 13aA X
1130 NRC-INS B3-06 03-14-83 134A x X
1178 NRC- INS 83-20 11-17-83 134 ¥ X
119C NRC-INS B3-24 12-22-83 134 X X
1224 NRC INS 84- 09 05-11-8B4 13A X B4 19 02 X
1242 NRC-INS 84-12 06-28-84 13A X X X X
1220 NRC-INS B4-18 07-17-84 13aA X

1296 NRC- INS B4 -27 10-19-84 134 1 X X 84-27-0




CONSTRUCTION AUDITS

MODULE 13A

Fage N«
12/04 /85

EDIT INITIATING AUDIT DATE MODULE MATERIAL TRAIN/ FABRIC INSPECT TESTING MEASURE DOCUMENT QA REMARKS
NQ ORGANIZATION NUMBER QUAL ATION ION &TEST BQ CONTROL RRCORDS
1365 NRC-INS B5-04 03-08-8B5 134A X

1578 NHRC - INS 85-30 09-10 -85 13a X X ¥
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INIT
ORG

GPC

GPC

GPC

arc

GPC

GPc

N
H

QA

QA

QA

QA

QA

QA

TQA

QA

QA

QA

QA

S -QA

o ]

n5

AUDIT
NUMBER

cpot

GRO6

abpos

GDO§

GhOK

G006

cpol

cped

cpoil

cpol

copoi

cpol

TR

T8/

78,

T8/

R2/

/2

65

o1

01

01

/01

B2/92

92

/92

81712

FINDING
NUMBER

Gli

015

020

023

NE¥

oBS

o8BS

DEF

DATE

09-

02

02

02

02

02

07

07

07-

08

07

02

20-77

08 -78

oB-78

08-78

08-78

08-78

31-82

31-82

31-B2

11-82

-08-80

-16-81

MODULE

134

13a

134

13a

13A

13a

13a

13A

134

13A

FINDINGS

BACKFILL TRESTING - NUCLEAR
DENSITY MEASURING DRVICE.

BACKFILL - M & T.E.
CALIBRATION OF LEVEL

BACKFILL M& T.E.
CALIBRATION OF LEVEL.

BACKFILL - M. & T.8.

BACKFILL M.&a T. B.

BACKFILL M i T.E.
INSPECTION

TESTING - MOISTURE
CORRELATION CURVE WAS NOT
UPDATED IN A TIMRLY MANNER.

TESTING

MATERIALS MISREADING OF
CORRELATIVE CURVE INFORMATION.
INSPECTION

TESTING INCONSISTENT ANR/OR
OMITTED LIFT MOISTURE CURVE.
INSPECTION FAILURE TO FOLLOW
PROCRDURE

BACKFILL - TESTING - GRADATION
TRETING USING WET SIEVE
PROCESS.

BACERFILL - INSPRCTION, DESIGN
RRVISE PROCEDURE TO IMPROVE
INSPECTION RESULTS.

REMARKS

CD-T-03,04 10CFRII.

GD-A-04, PARA V. B.1, 10CFR50

APP. B.

GD A-04, PARA V, A

GD-A-04, PARA. VI. B

GD-A 04, PARA. ¥1.A, CDP-T-C/13,
PARA VI . 4.2

10CFR50 APP. B., CRITRRION XTI

CPp-T-01 ViL, C2.8.3.b.
(AUDIT REF. XZ2APOI]
€2.2:.7.€.1:)

{AUBIT REF. X2APO1

€2.2.7.€.1¢)

ce-1 01

PARA. VII.D.4.m.

SPEC. X2APO1, SECT.
€C.2.2.7.C.1, ASTM D-422, SECT.
4.2.2.6.R.3.b.7

I0CFRS50 APP. B, CRITERTA XVIT,
PARA 4. PROC. CP T N},

NUM
BER

480

492

495

498

501

504

508

521

526

693

729



Page No

i1/18/8B5
INIT
ORG
GPC QA
GPC QA
FC-QA
NRC  INS
NRC INS
NRC - INS
NRC INS
NRC INS
NRC INS
NRC - INS
NRC INS
NRC INS
NRC - INS

AUDIT
NUMBER

TRO)

Ccpol

cponl

7R

79

79

RO

890

R0

na

01

08

04

06

07

FINDING
NUMBE

321

322

77

78-

79

79

79

79

79

!0

BO

RO

o4

01

08

13-

18

04

06

07

o1

-01

01

01

02

01

21

-91

01

21

URt

UR1

vioL

vioL

vioL

VIOL

LIC.1.

DEF.

L1C.1.

DRY.

IFy

vioL

08-17-81

07-25-82

07-25-82

09-22-77

03-22-78

04-27-79

¢6-13-79

06-13-79

07-25-79

12-04-79

03-17-80

03-31-80

04-14-80

FINDINGS
MODULE 13A
MODULE SUBJECT AEMARKS
13a.21F BACEFILL - TRAINING - 16CFR50,
ESTABLISH PROGRAM FOR SOIL
ENGINEERS .

134

13A

134

134

134

134

13

01,134

134

13A

i3

134

BACKFILL - TESTING - PERFVORM cp-1-01,
REP. SAND CONE TEST FOR UP TO

SEVEN CONGRURNT SAMPLESR.

BACKFILL - TESTING - ESTABLISH XZAPOD!
FIRLDP CORTROLS FOR DENSITY

TESTS

NORTH HIGHWALL CAVITATION

CORRECTION OF REJECTED FILL
COMPACTION

FAILURE TO PERFORM AND
DOCUMENT COMPACTION TESTS

BACKFILL MOISTURE CONTROL
BACEFIiLL WORE STOPPAGE

FAILURE TO CALTBNATE
SOILS/CONCRETE LABORATORY
STALES

EROSION OF CATRGORY I BACKFILL
UNDERMINING OF THE CONTROL
BUILDING ELECTRIC TUNNEL
EROSTON AND RUNOFF CONTROL

FAILURE TO BYALUATE SOILS
MOISTURE TESTS RESULTS

APP. B. CRITERIA

vil €.1.¢C.

£8.2.7.¢€.1

11

NUM
BER

797
A78
879
1497
1501

1513

1511
1530
1525
1529

1541

1542

i544
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02-09-82 13a

04
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COMPFACTION CONTROL

REFFRCT OF MOISTURR VARIATION
BETWEEN LAR OPTIMUM AND
AVERAGE LABR OF.
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BER

1583

1667



5.3 PAST CONSTRUCTION AND DESIGN PROBLEMS

This subsection contains a discussion of problems which were
reportable to the NRC according to the Code of Federal
Regulations 10 CFR 50.55%(e) criteria. Included are the
problems, reportability determinations, and corrective actions
taken.

As of July 1, 1985, the Vogtle Project had notified the NRC of
78 potentially reportable problems. Three of these were
associated with foundations and backfill. Each of the three
potentially reportable problems was evaluated as being
reportable to the NRC. A brief discussion cof each is presented
below.

5.3.1 DEWATERING/EROSION

On November 14, 1979, a potentially reportable item under

10 CFR %0.55(e) concerning dewatering and erosion of backfill
was identified to the NRC. Specifically, heavy rains had caused
erosion of the backfill under several mud slabs in the power
block area. There was no damage to any existing structures, nor
was there any undermining of any Seismic Category 1 structures.
However, backfill operations in the power block area could not
continue until repairs were made to the eroded areas. Had the
erosion remained uncorrected, future Category 1 structures
located at or near the areas of erosion could have encountered
settlement or other structural problems. It was therefore
concluded, that the erosion constituted a reportable

deficiency.

This item was not originally considered as a potential
reportable item by GPC QA. The NRC noted this as a violation
(79-17-01 and 02) for “ailure to report deficiencies. As a
result of this, GPC QA expanded their criteria for
reportability.

Repair work was started in the latter part of January 1980, and
was completed in August 1980.

The repair work included dewatering the excavation in order to
continue backfill operations. Three types of dewatering systems
were used: educator wellpoint systems, a vacuum wellpoint
system, and trench drain systems. Of particular importance are
the wellpoint systems. A wellpoint system was installed 20 ft
north of the Auxiliary Building north wall, and was later
extended into Containment Building, Unit 1. Two systems were
installed along the top of the east slope of Containment
Building, Unit 1 ard along the top of the west slope of
Containment Buildirg, Unit 2. These systems satisfactorily
dewatered the slopes to permit nackfilling. During the
dewatering process, the quality contrel group monitored the



operation and the effluent from the dewatering system. The
effluent was monitored to insure that backfill material was not
removed in 2 sufficient guantity to cause voids in the

backfill. During the period of the backfill repair operation, a
Bechtel geotechnical engineer was onsite to agsist GPC in the
interpretation of field test data and repair procedures. A
final report issued by Bechtel and GPC, dated August 15, 1980,
was transmitted tc the NRC August 29, 1980.

Additional information on this problem may be found in file
X7BGO3 M3,

5.3.2 EROEION UNDER ELECTRICAL TUNNEL FOUNDATION 5LAB

A potentialiy reportable item under 10 CFR 50.5%(e) was
identified to the NRC on March 10, 1980. The deficiency
consisted of erosion of a portion of Category 1 backfill beneath
the existing Unit 2 electrical tunnel foundation slab resulting
from heavy rains.

A repair procedure was developed in close coordination with
Bechtel geotechnical and project engineering The procedure
included removal of disturbed material, guniting, and filling
the eroded area with lean concrete to assure the integrity of
the foundation system. Repairs were completed per procedure and
a final report was submitted to the NRC on April 30, 1980.

It was concluded that the erosion was a reportable deficiency
under 10 CFR 50.55(e) and it was reported as such in the
April 30 letter transmitting the final report to the NRC.

Additional information concerning this problem may be found in
file X7BGO3 Mé6.

5 3.3 NSCW TOWER CROSSOVER PIPING

On March 23, 1984, a potentially reportable item under

10 CFR 50.55(e) was 1dentified to the NRC. During a review of
safety-related buried piping, two NSCW transfer pump discharge
pipes were found to be routed into an area of Category 1
backfill that could potentially be affected by liquefaction of
the upper sand stratum of in-situ soil.

The ensuing evaluation determined that this event was reportable
under the requirements of both 10 CFR 50.%%5(e) and 10 CFR 21.
This conclusion was reported to the NRC June 4, 1984, along with
a summary of the evaluations.

Corrective measures included rerouting of the two pipes into
acceptable backfill areas; a review of the location/routing of
satety-related structures, buried piping, and buried electrical
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6.0 PROGRAM VERIFICATION

Thls section describes the activities undertaken to ascertain
whether the design and construction aspects of the Seismi
Category 1 foundations and backfill comply with the Fina Safety
Analysis Report (FSAR) commitments and whether compliance is
verifiable with existing project documentation.

This section is divided into two parts. Section 6.1 describes
activities related to design program verification; 6.2 addresses
construction program verification.

Resulting findings have been classified into the following
levels of importance to plant safety:

! Violation of licensing commitments, project
procedures, or engineeting requirements with
indication of safety concern;

11 Violation of licensing commitments or engineering
requirements with no safety concerns;

111 Violation of project procedures with no safety
concerns;

0062m/308-5



6.1 DESIGN PROGRAM VERIFICATION

The following sections describe the design program verificat.-n,
resultant findings, and corrective actionse. This verification
was pcrformed by the Readiness Review civil design team. The
four members of the team have a cumulative professional
experience of B5 years in design engineering. Approximately 400
manhours were expended during the actual verification.

The design program verification was directed toward the
programmatic aspects of design. The programmatic verification
is a systematic review of design documents to determine whether
the design control process has functioned effectively and
whether licensing commitments were adequately implemented in
design documents.

Design program verification took place in two phases. Phase 1
consisted of verifying licensing commitments in the design and
was divided into two parts. 1In part 1, commitments identified
within the scope of this module were reviewed for proper
implementation in design basis documents (i.e., criteria), and
in part 2, selected commitments were further reviewed for
implementation in the detail design documents (i.e.,
calculations, specifications, and drawings).

Phase 11 consisted of a review of design documents for
compliance to applicable procedures. Industry standards for
quality, e.g., ANS1 N45.2 and N45.2.11, were used as reference
documents in the review of the design documents.

Section 6.1.1 provides a summary of the verification results,
section 6.1.2 provides a description of the verification scope

and plan, and section 6.1.3 provides a description of the
verification results,

6.1.1% SUMMAL Y

The design verification included a review of the following
design documents.

Document Type Number Reviewcd Total(a)

Design Documents

Criteria

2 2
Calculations 9 70
Drawings h 44
Specifications i 9

Studies and Reports 5 16



Document Type Number Reviewed Total(a)
Design Change Documents

Fielu Change Requests (FCRs) o 70 (approx)
Deviation Reports (DRs) 19 190 (approx)

During the verification activities, one general finding

(Level 11) was issued by the design group. This finding
invelved approximately 70 geotechnical calculations which did
not comply with applicable design control procedures. The
project committed to review and revise as necessary, all
safety-related calculations pertaining to geotechnical work for
conformance with applicable design control procedures. The
review activity was completed and reverified by a joint team
consisting of representatives from programmatic design

verification and independent design review teams. see
section 6.1.5.

6.1.2 SCOPE AND PLAN

Thie section describes the scope of the design verification fot

Module 13A and the plan implemerted during the performance of
the verification.

6.1.2.1 CJ:cope of the Verification

The objective of the design program verification was to ensure,
by sampling, that the design processes for Category 1 foundation
materials and backfill have been adequately controlled and have
tesulted in proper implementation of licensing commitments in
design documents. The scope of this verification included the
design documents described in section 4.1. Following are the
documents included in the verification.

0o Design Documents

Design criteria,
Calculations,
Specifications,
Drawings;

© Design Change Documentation

Deviation Reports (DRs),
Field Change Request (FCRs).

a. Total numbers are for documents relative to this module.




The sample size and number of documents pertaining to this .
module is summarized in Table 6.1-1 at the end of this section.

6.1.2.2 Verification Plan

The verification of the licensing commitments in design
documents was performed in two phases. 1In phase 1, engineering
documents were reviewed to ensure that commitments were included
in the design basis documents (design criteria) or other
appropriate design documents. In phase 11, the detail design
documents (i.e., calculations and specifications) were reviewed
te verify implementation of applicable procedures to ensure that
the design control process was adequately implemented.

During phases 1 and 11, verification of commitments was
performed by reviewing various engineering documents such ase
criteria, calculations, drawings, and specifications as
applicable. The design change documents namely, FCRs, DCNs, and
Deviation Reports (DRs) were reviewed for compliance with
appropriate procedures and for the technical justification for
the change they represented.

6.1.2.2.1 Phase 1 Verification

During phase 1, licensing commitments were selected for review
and implementation. The review consisted of two parts. In
part 1, a review was made to ensure that each commitment was
inclided in the design criteria or other appropriate design
document; in part 2, a review of selected commitments was made
to ensure that the design commitments were implemented in the
second order design documents (namely, calculations, drawings,

and specifications). Pauvts 1 and 2 of the phase | review were
accomplished as follows:

$.1.2. 1.1 Part 1, Commitments in Design Criteria. In part 1
of phasv 1. commltments identified from the FSAR or other source

documents were reviewed to ensure that the commitments were
included in the project criteria or other appropriate design
documents. Based upon the identified commitments, an
implementation matrix was developed to identify the design
document in which the commitment is incorporated. The
implementation matrix identifies the criteria revisions where
the commitment was first implemented and the most recent
revision that includes the commitment. 1In this manner., the
commitment matrix provides a cross reference between design
criteria (or other design documents) and commitments.

When commitments are not directly correlated to the design
criteria, appropriate implementing design documents, such as
calculations and specifications, were identified for these



commitments. These documents are then listed in the
implementation matrix.

These steps ensure that commitments were recognized by the
design engineering group as a requirement for the detail design
or construction as appropriate.

6.1.2.2.1.2 Part 2, Implementation in Detail Design. 1In

part 2, a sample of commitments was selected for review to
ascertain whether they have been correctly implemented in detail
design documents. The documents reviewed included
representative samples of calculations, drawings, and
specifications and are listed in Table 6.1 2.

The commitments subjected to detailed review were selected on
the basis of their ove all relationship to the detail design and
whether they provided a broad cross section of the Category 1
foundations and backfill design. The key commitments relative
to foundation materials and backfill pertain to:

© 97 percent compaction and an adequate safety factor
against liquefaction:

© Allowable bearing pressures must have an acceptable
safety factor.

These¢ were verified in the design calculations. Other data
pertaining to engineering properties of the foundation materials
were reviewed in the calculations to ensure that documentation
supports the values provided in the FSAR.

The details are discussed in section 6.1.3.

6.1.2.2.2 Phase 11, Programmatic Verification of Design Control
Process

In phase 11, a sample of design documents wag reviewed to ensure
that programmatic requirements of control design processes have
been met. The emphasis was to ascertain whether the design
process had been controlled. This ensures technical
requirements have been adequately incorporated in the detail
design, coordination among entities participating in the detail
design have adequately taken place, and changes in the design
have been controlled.

Selected design documents were reviewed to ensure compliance
with the design control program. Checklists identifying the
aspects of the design control program being verified were
developed for each type of document. Design criteria,
calculations, drawings, specifications, and design change
documentation were reviewed.



6.1.3 RESULTS AND DISCUSSION

The recsults of the phase 1 and phase 11 verification are
described in this section. 1Included in the description ar: tae
number and type of documents reviewed and a description ¢’ the
finding.

6.1.3.1 Phase 1 (Commitment Verification) Results

In the first part of the phase ]| review, a total of two design
criteria sections in the Design Manual were reviewed, including
previous revisions. These sections from the Design Manual are
DC-1000-C and DC-2146. No finding resulted from this review.

During part 2 of phase 1, commitments were selected for a
detailed technical verification in implementing documents.
These commitments were selected based upon their technical
significance and the broadness of their application.

In the phase 1 part 2 verification., one specification and eight
calculation packages were reviewed. The calculations reviewed
included those for soil properties, liquefaction, settlement,
and dynamic and static safety factors. The applicable section
of the specification (X2AP0Ol) reviewed was the construction
specification written by design engineering which provided
requirements for field backfill and other foundations related
activities. Calculations or specifications were reviewed for
implementation of applicable commitments. Table 6.1-2 provides
the list of calculations and specifications reviewed.

During this review, two of the selected commitments were not
readily identifiable in the calculations without the help of the
originator. The first relates to the liquefaction potential of
Category 1 backfill. The backfill was committed in the FSAR to
provide a minimum safety factor of 1.5 against ligquefaction. It
was ascertained that although the technica’l data in the
calculation were sufficient to determine whether an adequate
safety factor was provided, the results of the calculation were
not summarized sufficiently so that the reviewers could readily
determine the conclusions. 1In addition, the calculations
reviewed contained the determination of static and dynamic soil
properties for Category 1 backfill compacted to both 97 percent
and 95 percent of maximum dry density in accordance with

ASTM 1557. However, the relationship between the values
determined for these two densities and the conservatism inherent
in their use was not clearly delineated in the calculations.
These inconsistencies have been included in the general

Finding 13A-18 issued relative to phase 11 of the programmatic
verification of geotechnical calculations. 1In response to this
finding, the Project has committed to clarify calculations to
support the FSAR values. The Project has provided a roadmap




calculation to establish the source of the design data
incorporated in the criteria and as reported in the FSAR,

6.1.3.2 Phase 11 Design Program Verification Results

During phase 11, a programmatic review of design control
processes as applied to design documents was performed. This
review was performed both for design documents and design change
documents associated with the foundation materials and

Category 1 backfill. The review was performed to ascertain
continuity between design documents and compliance to applicable
procedures.

Documents reviewed include design criteria, calculations,
drawings, specifications, and design change documents. The
emphasis of the review was to verify that the design process has
been controlled in accordance with licensing commitments. This
was done by ascertaining that the design process has complied
with applicable procedures and other documents governing design
control (e.g., ANSI N45.2.11) and that appropriate design
coordination has been maintained. Checklists were developed as
needed for each type of document review.

6.1.3.2.1 Calculations

From approximately 70 calculations, 4 relating to the Category 1
backfill were reviewed specifically and are listed in

Table 6.1-3. These four selected calculations did not meet the
requirements of ANS1 N45.2.11 or governing Project procedures.
They were not detailed sufficiently to allow a technically
qualified person to review the calculations without the
assistance of the originator. A general review of a large
number of geotechnical calculations indicated that generic
programmatic deficiencies existed. One general finding (13A 18)
was written concerning calculations. This finding is described
in section 6.1.4.

6.1.3.2.2 Drawings

From a total of 44 geotechnical drawings, 5 drawings were
selected for review and are listed in Table 6.1 4. These
drawings were reviewed for conformance to project procedures and
specific licensing commitments such as compaction requirements
and settlement monitoring. The review indicated that drawings
were issued in compliance to the project procedures and that
they met the intent of ANSI N45.2.11 requirements.

There were no findings resulting from this review.




6.1.3.2.3 Specifications

Nine sections from three divisions of conetruction specification
X2AP0O1 were within the scope of this module. Of these nin:
sections, four were included in the programmatic review 2 1d are
listed in Table 6.1-%. The specification sections reviewed were
written by design engineering for contro! of earthwork,
backfi!l, soil drilling, soil sampling, soil testing, and other
field activities. The review ascertained that the
specifications met the programmatic requirements of project
procedure PRM C-26. The review concerned approval, review, and
incorporation of Construction Specification Change Notices
(CSCNs) in design specifications. The review concluded that the
geotechnical specifications for foundation materials and
backfill were being handled satisfactorily according to project
procedvres.

No findings resulted from this review.

6.1.3.2.4 Deviation Reports

The Dk review for this module began by computer sorting the DR
log to list the DRs pertaining to Category 1 backfill and
excavation. From this listing of approximately 190 DRs, 19 were
selected for review. The final sample was selected using the
following guidelines:

0 The sample selection was biased toward Use As-Is and
Repair dispositions.

¢ The sample covered representative time periods when
Category 1 backfill and foundation excavation operations
were in process.
The final review sample was reviewed for:
¢ Clear identification of:
deviations,
deviation source or cause,
disposition;
¢ lncorporation of justification and calculation:
Dis effect on design documents;
0 HRequired interface review;
¢ Hequired approvals;

¢ Evaluation by QA as a potential recurring problem.

Table 6.1 6 1is a listing of the deviation reports reviewed.



The review disclosed that geotechnical related DRs were being
dispositioned according to procedures in a satisfactory manner.

No finding resulted from this review.

6.1.3.2.%5 Field Change Requests

After a preliminary computer sort and final manual sorting, it
was determined that there were approximately 70 FCRs related to
foundation materials and backfill. From this sample, nine were
selected for detailed review. The final review sample was
selected based on the following:

0o The sample covered representative time periods.
0o The documentation affected by the change requests was
varied so that drawings, specifications, etc. would be

represented by the sample.

The review sample is shown on Table 6.1-7. The FCRs were
reviewed for attributes such ac<.

o 1f BPC Project Field Engineering (PFE) dispositioned the
FCR, was there BPC Home Office Engineering (HOE)
concurrence?

0 Was the FCR reviewed against app ospriate design
criteria, calculations, or specifications?

© Was a design change required?

0o Was interdiscipline design review required?

0 Was the justification documented?

0 Was the design/specification change issued as required?
In summary, it was determined that all FCRs related to
foundation materials and backfill complied with the FCR
procedure (PRM section Cl17), were appropriately dispositioned,

and were subjected to appropriate interdiscipline review.

No findings resulted from this review.

6.1.3.2.6 Studies and Reports

In addition to the regular engineering documentation such as
calculations, drawings, specifications, and the design change
control documents, a number of soils/backfill related data is
contained in studies and reports. The reports selected for
review by the design verification team were chosen to represent




a broad cross section of the subject matter covered. A listing
of the reports reviewed is shown in Table 6.1-8. The sample oi
5 reports was selected from a total of 16 reports produced on
the project.

The review ascertained whether the reports met the requirements
of PRM, part C, section 12 specifically:

o Does the format comply with the requirements?

0o Are reviews and/or approvals indicated?

0 Have appropriate interface requirements been met?
o Are revisions documented in a timely manner?

o Are attachments and supporting documentation properly
referenced?

The reports complied satisfactorily with the programmatic
requirements of the project.

No findings resulted from this review.

6.1.3.3 Field Walkdown

The design verification team conducted a limited programmatic
review (walkdown) of the earthwork activities associated with
Category 1 backfill as a supplement to the detailed walkdown
conducted by the construction verification team. The design
team walkdown was directed toward a programmatic review to
asses¢ the implementation of engineering requirements delineated
in construction specifications and field procedures.

The walkdown of Category 1 backfill placement was observed in an
area of limited access adjacent to the auxiliary Huilding
(N76475 to N77425 by E95+400 to E96+00). Selected sandy,
silty-sand backfill was being placed in 4-inch lifts and
compacted manually with smooth double drum vibrating Wacker
tollers and manual (Jumping Jack) tampers in accordance with
CD-T-01 sections 5.2.4 and 5.4. A soils inspector was at the

site directing fill placement, testing fill, and documenting the
backfill activities.

Observed activities were consistent with the project
specifications, X2AP0O1l C2.2, and were being carried out in
accordance with the approved field procedures, CD-T-Ol.

No finding was issued as the result of the walkdown.



6.1.4 FINDING, PROJECT RESPONSES, AND TASK FORCF CONCLUS10ONS

During the design program verification process described in
section 4.1.2, questions werc¢ raised which either required

rification and resolution by project personnel or led to the
«ssuance of a finding, dispositions, and corrective actions.
The item determined to be a finding was documented and
dispositioned using the Readiness Review Finding Form. The
finding was categorized as described in section 6.0.

The design program verification process resulted in one finding,
13A-18, which was designated Level 11. The finding concerns
geotechnical calculations for foundation materials and backfill
involving nonconformance with applicable geotechnical
documentation procedures; ANSI N45.2.11 documentation
requirements; and clarity among engineering design values
provided in the FSAR, design reports, and design criteria
relative to foundation materials and Category 1 backfill. A
detailed description of Finding 13A-18, the project response,
and the basis for the conclusions regarding Finding 13A 18 is
provided in the following pages.

o Finding 13A-18 (Level 11)

ANS1 N45.2.11, section 4, Design Process, states
“Analysis shall be sufficiently detailed as to purpose,
method, assumptions, design input, references, and units
such that a person technically qualified in the subject
can review and understand the analyses and verify the
results without recourse to the originator..."

Description: A review of a sample number of
geotechnical calculations revealed various

noncompliances to applicable geotechnical procedures and
requirements of ANSI1 N45.2.11 e.qg.:

0 Lack of checker and/or reviewer approvals;

0o Statement of purpose, assumptions, input souirces,
references, summary or conclusions not readily
identifiable.

o Computer output sheets did not properly cross
reference applicable calculations.

Input and output data and the FSAR commitments, the
deeign reports, and the design criteria were not clearly
correlated.

Specific examples are:
v Calculation X2CF-5-SF06: Reference to test data is
not specific enough to verify input source.

Calculation cover sheet has no originator, checker,
or approval signatures.
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0o Calculation X2CF-5-5036: Calculation contains n:»
references, output is not summarized, and computer
program used inadequately cross-references the
appropriate calculation.

0o Calculation X2CF-S-032: Source of test data used in
pr? lation is not referenced. Results of
culation are not summarized.

o .culation X2CF-S$-SF17: Documentation of the
w:otechnical design parameters is not readily
ascertained in the source documents; e.g., FSAR
2.5.4.11 states ligquefaction potential of Category 1
backfill is based on a minimum safety factor of 1.5
against liquefaction. Review of this calculation to
verify this commitment required reviewer
interpretation of the source data.

o Documentation of source of geotechnical design
parameters not readily traceable; e.g., FSAR Table
2.5.4-9, Dynamic Property Values, and FSAR Table
2.5.4-8, Static Property Values, reflect backfill
compacted to 97 percent maximum density by ASTM D
1557. Verification in the calculation was traceable
to 95 percent compaction, but not to 97 percent.
Justification for the use of data provided in the
FSAR, was not readily identifiable.

Project Response: The two issues raised by this finding
are:

0o Completeness of calculations with regard to
documenting the purpose, methods, assumptions, design
inputs, and references (issue 1);

0o Completeness of calculations supporting FSAR
commitments (issue 2).

l1ssue 1:

Geotechnical calculations relating to foundation
materials and backfill are typically prepared in
accordance with BPC Hydro and Community Facilities
Division (H&CF) Engineering procedures, which are
essentially the same as project calculation procedures.
In this particular instance, the H&CF personnel
performing the calculations did not always fully
delineate their methods, assumptions, design input, and
references; thus, they did not comply with H&CF
procedures. 1In order to correct this deficiency, all
safety-related geotechnical calculations were reviewed
and revised as necessary to establish the required
documentation. Approximately 70 safety-related
calculations were performed by H&CF related to Vogtle.
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These calculations are related to the soils foundations
required for Plant Vogtle and include the determination
of an acceptable safety factor against liquefaction,
appropriate safety factors for static and dynamic
bearing capacity, determination of predicted tolerable
structure se tlements, and the development of various
parameters and modules used in the design of the plant.
Nearly all of these calculations were revised in
response to this finding.

The nature of these revisions was of a nontechnical,
documentational type. This is evidenced by reviewing
the Module 13A IDR findings, all ¢f which were resolved
without affecting FSAR commitments. Had Finding 13A-18
gone undiscovered, there would have been no safety
implications due to the nontechnical nature of the
finding. Resolution of this findiag did not and will
not affect past, present, or future related construction
activities: therefore, no changes to engineering design
requirements were reqguired.

The following is in response to the issues raised in the
specific examples sited:

Calculation No. X2CF-S5-SF06: This is a single sheet
calculation used for interpreting laboratory testing
results to determine the consolidation characteristics
of the clay warl bearing stratum. The calculation was
revised to provide a complete reference to the source
of data used, and the cover was signed off with proper
approval.

Calculation No. X2CF $-036: This calculation is a
summary of computer results, The computer output was
originally attached to this calculation and later
filed separately under Calculation No. X2CF-$-097.
The computer code used is identified in Calculation
No. X2CF-5-033 and the soil properties used were
developed in Calculation No. X2CF-S-032. This
calculation is one of a series of calculations
(Calculation Nos. X2CF-5-032 through 036) and if
reviewed as a set would have presented a clearer
understanding of the process followed.

The calculation was revised to include cross
referencing to the source of data, the identification
of the computer program used for analyses, and a
summary of the results. The calculation had already
been revised to show the quality class on the rover
sheet prior to the audit.

Calculation No. X2CF-$5-032: As noted above, the

output data of this calculation was used in
Calculation No. X2CF-8-036. The calculation was
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revised to provide references to the data used and a
summary of the results and their use.

Calculation No. X2CF-S5-SF-17: The minimum safety
factor of 1.5 against liguefaction is accepted
practice and is the FSAR commitment. The data on
Sheet 22 of this calculation indicates a minimum
gsafety factor of greater than 1.5 for backfill with a
relative density of B0 percent; this is the basis for
the selection of the 97 percent compaction
requirement. The calculation was revised to include a
summary of results and cross-referenced to appropriate
geotechnical design parameters in the FSAR.

Issue 2:

The VEGP FSAR commitments are supported by BPC
Geotechnical Services Group (Geotech). Because Hydro
and Community Facilities Division performs calculations
for many purposes other than FSAR support, they may vary
parameters within acceptable ranges for conservatism or
other justifiable reasons.

In order to remove any ambiguity this may have caused, a
roadmap calculation (X2CF-"-112) was created to
establish the source of all design data reported in the
FSAR or included in the Project design criteria.
Additionally, a discussion of any differences between
the FSAR and values used in the calculations was
addressed in the revised calculatiuns.

The response to the specific examples cited follows:

FSAR Table 2.5.4-9

S0il unit weights (moist, saturated, and submerged)
are derived in Calculation No. X2CF-5-SF17. The
Poisson ratio shown is an assumed value and is
reasonable for the type of materials used as Category
1 backfill. Damping ratios referenced in FSAR Figure
3.7.B.1-8 are a direct plot of the laboratory test
data shown in the appendix to the BPC report, Dynamic
Properties for Compacted Backfill. Shear modulus
values shown in the table are obtained from Equation G
= 1000KZ (o'p) 1bs/ft where KZ = 79 and o'y is the
mean effective stress. Calculations showing these
values were generated and included in the project
calculation files.




FSAR Table 2.%.4.8

Soil unit weights are derived in Calculation

No. X2CF-S SFl17. Effective shear strength parameters
and undrained modulus of elasticity, E, are calculated
in Calculation Nos. X2CF-5-02% and X2CF-5-024,
respectively. These calculations were performed using
data for backfill compacted to 93 percent and 9%
percent cf ASTM D 155%7. The design parameters shown
in Table 2.5.4-8 are based on 93 percent and 9%
percent relative compaction and are conservative for
backfill at 97 percent relative compaction. The
calculation was revised to describe the basis of
selection for the 97 percent soil design properties
and the justification for the same.

The work to be performed by Geotech was completed. The
actions taken have resolved noted deficiencies regarding
these calculations.

Readiness Review Finding Conclusion: The response
provided is acceptable. The nonconformance and
discrepancy items are documentary, nontechnical, and
present no safety concern. However, the finding was
designated Level 11 because of lack of readily
identifiable cross-referencing between calculations and
FSAR commitments. Furthermore, because of the extensive
nature of the noncompliance to design control
requirements, the Level 11 designation to the finding is
deemed appropriate by the Readiness Review Team.

6€.1.5 REVERIFICATION OF CORRECTIVE ACTION (FINDING 13A-18)

A reverification of revised calculations was conducted during
the week of November 11, 1985 by a joint team consisting of
members from both the Independent Design Review and the
programmatic design verification teams. The reverification
consisted of an overall review of all geotechnical calculations,
reverification of selected commitments, and a programmatic
review of design control process in the revised and upgraded
geotechnical calculations.

The overall reverification of geotechnical calculations was
conducted by reviewing revised calculations for completeness,
and for compliance to the procedures.

6.1.5.1 Reverification of Commitments

Eighteen selected commitments were reverified to ascertain
implementation of commitments in the design calculations or
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specifications. The sample for reverification was drawn from
original samples reviewed earlier and was expanded to include
some key commitments made in the FSAR.

1t was found that the technical basis for various values it
engineering properties for foundation materials, Categecy 1
backfill, and the design safety factor were well documented in
the calculations. The calculation X2CF-6-112 dated

August 14, 1985, provided a cross-reference (roadmap) to
calculations and FSAR commitments clearly identified in the
source data input to the FSAR.

Table 6.1-9 provides the summary commitment reverification
calculation matrix.

No finding resulted from this reverification.

6.1.5.2 Programmatic Reverification of Calculations

A programmatic reverification of geotechnical calculations was
conducted (November 11 through 14, 1985%) to review revised and
upgraded calculations pertaining to foundation materials and
backfill. The reverification was aimed at ascertaining whether
the corrective action committed to by the Project in response to
design program verification Finding 13A-18 was completed. The
reverification review was as follows:

A selected sample consisting of 2% calculations was reviewed in
detail for procedural compliance. The design control process
attributes reviewed included conformance to commitment/criteria,
quality class, assumptions, input-output coordination, computer
program identification, cross-referencing to calculations when
applicable, checking review/approval, and revision control.

All calculations were found to meet the applicable attributes
and complied to the geotech engineering procedures.

Calculations adequately provided support to FSAR commitments and
contained technical basis for the parameters and engineering
properties identified in the FSAn.

Table 6.1-10 provides the list of 25 specific calculations
reviewed during the reverification,.

No finding resulted from thig verification.

6.1.5.3 Standard Penetration Test Results

In addition to the good engineering judgements and conservatism
observed in the calculations, high quality of the Category 1
in-place fill constructed at VEGP was recently verified by the
performance of a series of onsite standard penetration tests.
These tests resulted in a series of consistentiy high blow

6.1-15



counts. Based upon the results of this testing, Dr. H. Bolton
Seed, University of California at Berkeley, has concluded that
there is no possibil ity of liguefaction occurring for anv lavel
of ground shaking at the Vogtle site and that liquefaction is
simply not a credible mode of failure for thig fill.

The reference documents relative to standard penetration test
are listed in Table 6.1 .

6.1.6 FINDING SIGNLIFICANCE

The one design program verification finding (13A 18) is
discussed in the previous section.

Finding 13A-18, (Level 11) pertaining to geotechnical
calculations was nontechnical in nature and involved the
violation of design control procedures per ANSI requirements.
The Project has reviewed, revised, and updated all
(approximately 70) safely related geotechnical calculations to
conform to the design control procedures and to meet the intent
of ANE1 45.2.11 requirements.

Based on the reverification review of the corrective actions,
the design program verification team concludes that the Project
has correctly and adequately implemented corrective actions as
committed to earlier. The geotechnical calculations have met
the programmatic design control requirements and adeguately

support FSAR commitments. Furthermore, there are no safetly
concerns.

0037m/338-5
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VERIFICATION SUMMARY

cument Type Number Reviewed Tocal(a)

‘ Let Docunents

»1gn L

Criteria 2 2
‘ Calculations 4 70
Drawings 5 44
Specifications 4 9
tudies and Reports 5 16

Design Change Documents

Field Change Requests (FCRs) 9 '0 (approx)
Deviation Reports (DRs) 1 9 190 (approx)
3 Total numbers are for documents relative to this module.

0047m/1/327-°



TABLE 6.1 2 (SHELT | OF &)

COMM{ TMENTS VERIFICATION MATRIX

Classification Design
FSAR Design  Manual Design Document
Requ i rement Section Commi tment Reg't ~ Section Type Number Commen ts
Soil properties Table 1906 X DC-100-C Calc. X2CF -S-SF02
2.5.4-2
Max imum design ground 2.4.12.4 169 X DC 1000-C Calc. X2CF -5-036
water ievel 165 ft
MSL
ASTM D248/ 2.9.4.5 1889 Spec. XZAPO1 -C2.12.48
and C2.13.14B.1
ASTM D 2488 2.9.4.5 1890 Spec. X2APC|-C2.12.48B
and -C.13.14B.i
ASTM D (140 2.5.4.5 189! Spec . X2APO| C2.2.6H.3.6
ASTM D 422 2.5.4.% 1892 Spec. X2AP0O| -C2.2.6H.3.b
and -2.13.148.3
ASTM D 423 2.5.4.% 1893 Spec . X2APO! C2.2.28
and -2.13.18B.5
ASTM D 424 2.5:4.5 1894 Spec. X2AP0O1-€2.2.28
and -2.13.148.5
Undrained shear Table 1941 0C-1000-C Cale. X2CF -S-103
strength of mari: 2.5.4-9
10 ksf 2:3.8.2 Spec. X2APO! C2.2.6
Ultimate bearing Table 191! X DC-1000 C Cale. X2CF -S-103,
pressure and factors 2.5.4-12 Sheets I8 and 24

of safety in table
0049m/337-5/12



A

TABLE 6.1-2 (SHELT 2 COF 4)

Classification Design
F SAR Des ign Manual Design Document

Requirement Section Commitment Req't  Section Type Number Comments
Safety factor greater 2.5.4.10 1900 Calc. X2CF S-103,
than or equa! to 2 Table Sheats !8 and 24
required for dynamic 2.5.4-12
ioad
A minimum factor of 2.5.4.11 1902 X DC-1000-C Calc. X2CF -5-103,
safety of 3 against Sheets 18 and 24
shear failure of
foundation material
under sustained dead
load plus live load
Static property values lable 1909 X DC-1000-C Calc. X2CF -5-024 Finding 13A-18
(backfill) 2.5.4 8 X2CF -5-025%

X2CF S-031
All Category | 2.5.4.11 190t X DC-1000-C  Spec. X2AP01 €2.2.7.C
structures suppor ted
on clay mar! stratum
or sand-silty backfill
compacted to 97%
max imum dens ity
measured by ASTM DI557
Static cone penetro- 2.5.4.5 1939 Spec. X2APOi -C2.2.7C

mater readings used
to test adequacy of
compaction where
access prevents use
of sand cone test
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Requirement

Backfill in areas
north of turbine
building compacted
to an average of
95% of the maximum
dens ity determined
by ASTM DI557, with
not more than 10%
of tests between
9% and 95% and no
tast less than 93%

Calegory | backfill
shouid be sand and
silty sand with not
more than 25%, by
waight, passing the
US No. 200 sieve

Rackfil!l has an
adequate safety
factor against
liquefaction for
backfil! compacted
to 97% of maximum
density obtained
by ASTM D 1557

0049m/337-5/14

f SAR
Section

2:95.8.5

2.5.4.5

2.5.4.8

TABLE 6.1 -2 (SHFET 3 OF 4)

Classification Design
psign  Manual
Commitment Req't

1888 0C - 1000-C Spec.

DC 2146  Dwg.

774

776 DC-i000 € Calc.

Section Type

Number Commenis
XZAPO| €2.2.7C
AXZDA6TOO! rev. 12

AX20461004

X2APO1 -C2.2.6H

X2CF -S -SF17



Requirement

Liguefaction poten
tial of Category |
backfilis based

on a minimum
safety factor

of 1.5 against
liquefaction

Dynamic property
values (backf®ill)

R.G. 1.132 Rev. !
10 CFR 100 App. A

2049m/337-5/15

FSAR
Section

2.5.4.11

Table
2.5.4-9

1.9.132
2.5.A

TABLE 6.1 -2 (SHEET 4 OF 4)

Classification Design
Design Manual
Commi tment Req't  Section
1903
1910 DC-1000-C
1870 DC -1000-€
1885 DC-1000-C

Design Document
Type Number
Calc. X2CF -S-SF 17

Caic.

rev. |, page 40

X2CF-S 032
X2CF -S-SF 17

See comments
See comments

Comments
Not readily identified
in calculations
Finding 13A-18

Finding 13A-18

Implementation of
these commitmants is
an aggregate of all
site investigations
and is summarized in
the date presented in
FSAR sections 2.5.1,
2.5.2, and 2.5.3.
During the
verification, the
Readiness Raview
Design Team did not
find any conflict
with the requirements
in 10 CFR 100
Appendix A or the
methodology out!inec
in RG 1.i32 Rev. |.



Calculation Number

X2CF -S-SF 17

X2CF 5 -SFO6
X2Cf S 032

X2CF -S 036

X2CF S -103

X2Ck -S-SFO2

X2CF -5 024

X2CF S -025%

X2CF -S 031

0049m/337-5/16

TABLE 6.1 3

SELECTED CALCULAT IONS

Reviewed For
Title/Description Phase | Phase 1!
Liquefaction analyses X X
Compacted soil
Atterberg |imits X
Dynamic soil properties X X
Ligquefaction analysis 95% ¥ X

compacted final soil properties

Bearing capacity Table 2.5.4.12 X
of FSAR

In-situ densities and water X
contents

Cyclic triaxia! test results X
Strength parameters of compacted X
sand, silty sand

Index and compaction properties X

of backfiil borrow

Associated
Findings
I3A-18
13A-18
I3A-18
I13A-18
None
None
{3A-18
I135A-18
i3A-18
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Specification Number
X2AP01 C-2.7
XZAP0!I C-2.4

X2AP01 C-2.13

X2AP0O1 C2.19%

004%m/337-5/18

DESIGN CONTROL REVIEW

Title/Description
farthwork and related activities
Piastic backfill

Exploration and festing addifional
backfiil

Obtain and test mar! samples

TAB! E

6.1

5

2

SPECIF ICAT IONS

Associated
Findings

None
None

None

None



TABLE 6.1 6

DEVIATION REPORTS REVIEWED (a)(b)

DK Number:

CD-00294
CD-00352
CD-00461
CD-00578
CD-00614
CD-00730
CD-00829
CD-01046
CD-01165
CD-01748
CD-C3243
CD-03948
CD-04078
CD-04189
CD-04337

CD-05160

CD-06289

CD-06538
a. Reviewed programmatically.
b. There were no associated findings.

0047m/2/327-5



TABLE 6.1-7

FIELD CHANGE REQUESTS REVIEWED ()

Number Title/Description

C FCRB 3 Modify backfill placement to beam
concrete for local limited access
areas

C FCRB 11 Modify excavation depth

C FCRB 25 Relocate bench mark monument

C FCRB 44 Modify settlement marker
installation design

C FCRB 5384 Request to leave temporary
foundations block in backfill

C FCRB 5404 Request to modify sheet pile design

C FCRB 12460 Modify limits of Category 1
backfill

C FCRB 13556 Eevise settlement monitoring

C FCRB 13706 Revise testing specifications

a. Programmatic review.

0047m/3/327-5



TABLE 6.1-8

DESIGN CONTROL REPORTS AND STUDIES (&)

Report on Foundations Investigations, Alvin W. Vogtle Nuclear
Project, BPC, July 1974.

Report of Dynamic Properties for Compacted Backfill,
Alvin W. Vogtle Nuclear Project, BPC, February 1978.

Report of Coring and Laboratory Testing Marl Samples, LETCO,
November 1977.

Report of Mar' nvestigation Vogtle Nuclear Power Plant, BPC,
December 197

Final Report on Deviation and Repair of Erosion in Category 1
Backfill in Power Block, BPC and GPC, August 1980.
Standard Penetration Test Report, Law Engineering Testing

Company, Letter dated July 26, 1985.

Letter from H. Bolton Seed to Walter R. Ferris dated
July 3, 1985.

0047m/4/327-5%



TABLE 6.1 5

(SHEET | OF &)

COMMITMENT REVERIF ICATION CALCULATION MATRIX

Commi tmant

1CES -SEPOL
(McAuto Version)

NRC Q 241.3 1480

Cerrespondence

Empirical retationship
for undrained Young's
modulus E=400 Su; Su -
undrained shear strength

Design Design Document
Manua! Section Type No. Comments
DC-1000-C, Rev. 0  X2CF-5-106,
Appendix A Pg. | of 39
X2CF -S-110,

Compute, output

DC-1000-C, Rev. 3
9-30.83, Fig. 13

(4000 XSF) iower bound

Backfill compacted to

average 97% of maximum

2.5.4.5 1887

DC-1000-C, Rev. 3 X2CF-S-117
9-30-83

saction 2.28, 3.5.3

All data pertaining to
parametric evaluation
rev iowed.

density determined by
ASTM 1557, with no tests
below 93% and no more
than 108 of tests between
95% and 9.

Moisture + or - 7% 2.5.4.5 1895
optimum for sand, silty-

sand material as deter

mined by ASTM D 1557

0049m/337-5/19

X2APO| -€2.2, X2CF S-117

Rev. 13 for details.

See Implementation Matrix



TABIE 6.1-9 (SHEET 2 OF 4)

FSAR Commi tment Design Des ign Document
Requ i rement Section Ref. No.  Manual Section Type No. Comments
Select sand and silty 2.5.4.8 1897 DC-1000-C, Rev. 3 X2CF -S-117 See Implamentation Matrix

sand backfili compacted
o 97% of maximum density
determined by ASTM D 1557
placed from top of marl
to design elevation of
various structures
{Liquefaction potential)

Safety factor greater 2.5.4.10 1899 DC -1000-C X2CF -5-103, Rev. 0 See Implementation Matrix
than or equal to 3 Sheat 18 of 24

accaptable for allowable

bearing capacity for

static loads

Safety factor greater 2.5.4.10 1900 X2CF -5-103, Rav. O
than or equal to 2 Sheet 18 of 24 Tables
required for dynamic

loads

A minimum safety factor 2.5.4.1| 1902 X2CF -S-103

of 3 against shear faiiure
of foundation materials
under sustained dead load
plus live locad

Liquefaction potential 2.5.4.11 1903 DC-1000-C, Rev. 3 X2CF-S5-5F17, Rev. | See Implem._atation Matrix
of Category | backfill (776) page 40

is bazed on a safety

factor of 1.5 against

liquefaction

0049m/ 337 -5/20
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TABIE 6.1 9 (SHELT 3 OF 2)

f SAR Commi tmen | Design Design Document
Requirement Section Ref. No.  Manual Section Type No. Commen ts
Soii propertias 2.5.4-2 1906 DC -1000 -C X2CF -S-SF02
{density, moisture through X2CF -S5-SF 16
control, etc.) various pages
Static property values 2.5.4 8 1909 X2CF -5-025, Rev. !

Sheet | of 2

Dynamic property value 2.5.4-9 1910 X2CF -S-F 17
A total stress design 2:9.9.1 1912 X2CF -S SFO7, Rav. 1
shear strength ¢ = o sheet 10, C - 10,000
phi = 34 degrees was X2CF -S-SF08, Rev. |
used for the upper sand Sheet 2, phi 34
stratum and C - 10,000
ib/ft2, phi- 0
dagrees for the clay
bear ing stratum
infinite siope analyses, 7.5.5.2 1917 N/A X2CF -S- 062, Rev. O
based on the design Shoet ?
friction angle of 34
degrees, indicated that
temporary fill slopes
have a minimum safety
factor against raveling
of 1.0
Average of 95% of ASTM 2.5.4.5 1935 N/A XZAPO! C2.2, Rev. 13,
D 1557 maximum density 1937 section 2.2.7

with no tasts below 93%
and nc more than (0% of
test between 93% and 95%

0049/337-5/21



IABLE 6.1-9 (SHELY 4 OF 4)

FSAR Commi tment Des ign Design Document
Requ i remen t Section Ref. No. Manual Section Type No. Commen ts
Undrained shear 2.5.4.2 |94 DC - 1000 -C X2CF -S-SFQ7 See Implementation Matrix
strength for details

0049m/ 337-5/22



TABLE 6.1-10 (SHEET 1 of 2)

DESIGN CONTROL PROGRAM REVERIFICATION
FOR PROCEDURAL COMPLIANCE

Calculation No. Title

X2CF-S8-8SF04 Maximum dry density and optimum moisture content
X2CF-S-SF06 Atterberg limits

X2CF-S-SFO07 Summary of unconsolidated undrained triaxial

and calculation for elastic modulus

X2CF-S-SFO08 Consolidated undrained triaxial test results
and elastic modulus

X2CF-S-SF12 Heave due to excuvations

X2CF-S-SF16 Ligquefaction analyses of in-situ soil
X2CF-S-SF17 Liquefaction analyses of compacted soil
X2CF-S- SF24 Cyclic triaxial test results

X2CF-$-003 lLateral pressure on control building wall by

turbine mat

X2CF-5-004 Surcharge due to equipment loads on backfill
behind tendon gallery

X2CF-5-006 Flastic moduli for compacted backfill

X2CF-5-011la Final estimates of Category 1 backfill
gquantities

XZCF-5-018 Settlement of diesel generator building on

stockpile B backfill

0047m/%/327-5



Calculation No.

X2CF-5-024
X2CF-5-025
X2CF-5-032
X2CF-5-036
X2CF-65-095%
X2CF-5- 106
X2CF-5-109
X2CF-S5-110
X2CF-85-111
X2CF-5-112
X2CF-5-115%
X2CF-6- 117

0047m/6/327-5

TABLE 6.1-10 (SHEET 2 of 2)
Title

Static Young's modulus of compacted sand, silty
sand

Strength parameters of compacted sand, siltly
sand

Dynamic soil properties

LLigquefaction analysis 95% compacted final soil
properties

Coefficient of sub-grade reaction

Settlement analyses

Dynamic shear and Young's modulus for backfill
compaction of 97%

Computer printout for calcuiation X2CF-S- 106

Reevaluation of field compaction based upon
confirmatory test

Roadmap calculation (cross reference between
FSAR and calculation packages)

Porosity of backfill compaction dencities

Computer printout for calculation X2CF-S-111



6.2 CONSTRUCTION PROGRAM VERIFICATION

The following sections describe the construction program
verification, resultant findings, and corrective actions. This
verification was performed by the Readiness Review const: iction
verification team. The three members of the team have 4
cumulative experience of 19 years in geotechnical and soils
construction. Approximately 700 manhours were expended and 1100
records were reviewed during the verification process.

The construction program verification consisted of commitment
implementation and construction assessment. Commitment
implementation assessed whether construction incorporated
licensing commitments into the implementing documents, whereas
construction assessment determined whether construction
activities complied with design requirements.

6.2.1 SUMMARY EVALUATION

A total of six findings was identified during the assessment of
construction activities in Module 13A. Of the six findings, two
were identified during commitment implementation and four during
construction assessment. The construction team assessed the
findings' impact on the project and classified each with respect
to the following categories:

o Category A - Paperwork;
o Category B Hardware;
0o Category C - Programmatic.

The findings, their level of importance, and their categories
are given iu Table 6.2-1.

The two findings idencified during commitment implementation
(13A-1 and 13A-2) noted differences between the Final Safety
Analysis Report (FSAR) and the implementing specification. Both
findings require revision to the FSAR to conform to actual
practice or later planning. Neither finding had any adverse
affect on the work and was classified as Level 11. Details of
commitment implementation are found in section 6.2.2.1.

Four findings were identified during construction assessment, of
which, one was Level 11 and three were Level 111 findings.

There were no Level 1 findings. Three of the four findings
(13A-3, 13A-5, 13A-6) are minor deviations from procedure
requirements or record errors that are not indicative of
programmatic failures or physical discrepancies. The fourth
(13A-22) identified some borrow area gradation test results
(secondary documents, i.e., documents that are redundant to
other documents which are normally utilized for verifying
acceptability of soils placement) that cannot be located in the



quality assurance (QA) records vault. The data represented by
these missing records is found in other documents that are
retrievable from the vault. Construction has initiated a
program to evaluate vault storage of records and to correct
identified filing errors. Details of construction assessment
are found in section 6.2.2.2.

It is the conclusion of the Readiness Review construction team,
from evaluating the results of this review, that the findings
were of minor consequence, had no physical impact on the
backfill, and that acceptability of the backfill is veritiable
with the available documentation.

6.2.2 CONSTRUCTION VERIFICATION PROCESS

6.2.2.1 Commitment Implementation

Section 3.4 contains the matrix for the commitments idenctified
by the FSAR and generic letters that are applicable to Module
13A. fter identification of tte commitments, the Readiness
Review censtruction team reviewed each construction commitment
and identified the project document that currently implements
each commitment. Additionally, a review was performed to
identify the project document that initially implemented the
commitment.

The commitment implementation matrix identified 24 construction
commitments. Tweunty two of these commitments were appropriately
traced to the implementing documents from the time of initial
implementation to current status The remaining two commitments
were found to be deficient in their implementation. These
deficiencies were identified as Readiness Review Findings 13A 1
and 13A-2.

0o Readiness Review Finding 13A-1 (Level 11)

Description: Section 2.5.4.5 of the FSAR stateg that
the test fill program concluded that the placement
moisture content must be controlled between +2 percent
of the optimum moisture content. Contrary to this,
specification X2AP01l C2.2 and field procedure CD-T-01
allow the placement moisture to be between +2 percent
and 3 percent of optimum moisture content.

Project Response: The FSAR statement regarding the
recommendations of the test fill report is correct. 1In
response to a field request made subsequent to issuance
of the original report, the moisture range was

modified. This modification was based on a review of
the original test fill data and numerous additional
field tests pertormed during the backfilling operation.
FSAR Change Notice No. 239 was initiated August 20, 198%



to indicate the moisture content range actually used in
the field.

Readiness Review Conclusion: The Readiness Review Team
concurs with the project response and corrective
action.

o Readiness Review Finding 13A-2 (Level 11)

Description: Section 2.5.4.13 of the FSAR states that
survey readings for settlement are to be taken at 30-day
intervals after startup. However, specification X2APO1
C10.1 requires readings to be taken at intervals of 30
days for 6 months; after 6 wonths, if settlement is less
than .002 feet, the readings are only required on a
yearly basis. These two documents are in conflict.

Project Response: The frequency and duration of
settlement monitoring subsequent to startup was under
discussion with the NRC staff for approximatcly 18
months and was resolved subsequent to preparation of
this finding. Modifications to the specification had
been postponed until monitoring program agreement had
been reached with the NRC staff. A specification
revision was initiated September 4, 1985 and FSAR Change
Notice No. 240 was initiated August 20, 1985 to correct
the specification and FSAR.

Readiness Review Conclusion: The Readiness Review
construction team concurs with the project response and
corrective action.

6.2.2.2 Construction Assessment

The assessment plan was developed to provide an appraisal of the
documentation associated with the borrow and placement of
Category 1 backfill. Development of the plan consisted of
formulating a method for selection of documentation and a method
to assess whether this documentation is retrievable and
acceptable.

6.2.2.2.1 MAssessment Item Selection

The items selected for assessment can be divided into four
categories. These categories are borrow of backfill material,
placement of backfill material, laboratory testing of backfill
material, and programmatic activities. The basis for the sample
selection wag that only documentation dealing with Category 1
backfill would be considered and that the selection process
would demonstrate the retrievability of data for tests performed
at random locations. Secondly, since 40 of the 70 GPC and NRC



audits were of backfill techniques resulting in only one
finding, little could be gained from a field walkdown.

The following list identifies the activities selected for
assessment and the attributes assessed.

0 Borrow Activities

Retrievability of borrow area documentation,

Proper gradation test and test frequency as required
by the specification (the requirements for testing of
Category 1 borrow material are given in Table

6.2-2);

0o Placement Activities

-~ Retrievability of field density test records,
- Distribution and frequency of field density tests,
- Field density test compaction results,

Accurate information in Daily Inspection Reports,
- Foundation Inspection Reports;

o Laboratory Activities

Retrievability of lab reports,
- Acceptability of lab reports,
Acceptable calculations;

o Programmatic Activities

Personnel certification,
- Equipment calibration,
- Deviation control.

6.2.2.2.2 Borrow Activities

There were basically five time periods during construction when
Category I backfill material was being excavated and
stockpiled. Target months were chosen in each of these time
periods. A target month is a month during which borrow
documentation was sampled. The next month was also assessed if
there were less than 15 daye of borrow in the target month. Due
to the length of the borrow period extending between

November 1980 and March 1983 and the large guantity of borrow
material excavated during this period, an additiounal target
month of April 1982 was chosen for assessment. The six target
months selected were:

o June 1978;

0o January 1979;



0

0

November 1980;
April 1982;
March 1983;

November 1984.

The assessment was conducted utilizing instructiops and
checkliste formulated by the construction team (Figure 6.2-1).
The resuvlts of the borrow assessment are summarized below:

0

Gradation tests for the target months June 1978,
November 1980, and April 1982 could not be located in
the project files. This item is documented by RR
Finding 13A-22. The gradation tests were located for
all other target months.

All borrow area gradation tests reviewed met the
requirement of 25 percent or less passing a U.S. No. 200
sieve.

The requirement of one test per day of borrow excavation
was not met for six days in the November 1980 target
period. This deviation was documented in RR Finding
13A-22; The required test frequency was met for all
other target months assessed.

Readiness Review Finding 13A-22 was issued to address the
deviations noted above:

o

Readiness Review Fincing 13A-22 (Level 11)

Description: Borrow area gradation tests for several of
the periods assessed cannot be found in the project
files. These include June 1, 1978 to June 30, 1978:
November 1, 1980 to December 31, 1980; and April 6, 1982
to May 3, 1982. Also, no gradation tests were taken on
October 23, 1980; October 24, 1980; December 17, 1980:;
December 18, 1980; December 19, 1980; and

December 30, 1980; although Category I borrow was
excavated on these dates.

Project Response: The construction review revealed the
following:

The 1978 gradation test sheets were located in the
construction vault and misfiled. Borrow pit gradation
tests for the period August 1980 through January 1983
could not be located:; therefore Deviation Report CD-BO78
was written August 9, 1985 to addrese the retrievability
of these documents and was dispositioned Use-As-1Is.



Deviation Report CD-8079 was written August 9, 1985 to
address the six days in 1980 when no gradation tests
were taken during Category 1 borrow excavation and was
dispositioned hardware not affected. The bagis for this
disposition is that gradation tests performed in
conjunction with field density tests (as opposed to
borrow pit gradation tests) provide the primary
documentation for the guality of Category 1 backfill
material placed in the power block. All of these
records reviewed within the scope of the Category 1
backfill placement assessment were located. The
material quality and test frequency were found to be
acceptable in all such records reviewed.

Readiness Review Conclusion: The Readiness Review Team
agrees with the project response. Additionally, it is
noted that construction has initiated an evaluation
program of vault storage to identify and correct filing
errors.

6.2.2.2.3 Placement Activities

Two methods for selecting assessment samples were formulated for
the placement activities. The first method was to choose a
target elevation. A target elevation is a 1 ft horizontal slice
through the power block excavation at a selected elevation for
which documentation is to be assessed. Elevation (el) 140 was

chosen since it is below all Category 1 foundations except those
founded on the marl stratum.

The second method was to select a target coordinate. A target
coordinate is a plant coordinate for which documentation
associated with discrete fill layers encompassing the coordinate
will be assessed. A target coordinate of N79+61, E100+18 wasg
chosen. This coordinate is the center of the diesel generator
building, the highest Category 1 foundation. The assessment
began at el 205 and continued downward at 20 ft intervals ending

at el 135, thereby assessing the backfill program through the
life of the project.

The placement assessment utilized instructions and checklists
formulated by the construction team (Figures 6.2-2, -3, and
-4).

The results of the placement assessment are summarized below:
© Retrievability of Field Density Test Reports
Summary of Compacted Fill Reports were reviewed to
obtain all the field density test numbers for the target

elevation and target coordinate. Approximately 600
documents with up to 24 tests on each document were




reviewed. All field density test reports for the targe:
elevation and target coordination were retrieved.

Distribution and Frequency of Field Density Tests

The location of each sand cone density test at el 140
was plotted on a drawing of the power block. The
density test plot revealed that the tests were well
distributed over the power block.

For tests prio; to June 1979, the limits of the fill
area covered by each test was not required to be
documented. However, the backfill placed during this
period constituted a large-volume operation where only
heavy equipmunt was used and the number of tests versus
the volume of fill meets the specification
requirements.

For backfill placed after June 1979, the limits of the
fill area represented by each test was plotted along
with the location of the tuosts. Thie resulted in
confirming that tests were conducted at a frequency that
met the requirements of the specification.

No findings were identified in this part of the
assessment.

Field Density Test Compaction Results

The field density test results for the tests identified
from the summary reports were reviewed for compaction
results. All the tests were found to meet the
requirements of the FSAR, project specifications, and
project procedures.

No findings were identified with respect to percent
compaction.

Daily Inspection Reports

The Daily Inspection Reports for the identified tests
were reviewed. The information required in the reporte
was assessed for completeness and compliance with
specifications and procedures.

This review confirmed that the backfill was placed
according to specifications and procedures. However,
two deviations were identified during this part of the
assessment. These deviations were documented on
Readiness Review Finding 13A-3 and 13A-6 and are
described as follows.




Readiness Review Finding 13A-3 (Level 111)

Description: Specific:tion X2APOl and procedure CD-T-01
require a meisture corrclation curve between pan dry and
ALTM D2216 be used to control field moisture. This
requirement was added August 8, 1979.

Two different curves are identified in the files as
curve no. 8,

The moisture correlation curves used to place
Category 1 backf [l on June 2, 1980;

September 20, 1980; September 23, 1980;

October 2, 1980; March 26, 1981; March 27, 198B1;
Macrch 20, 19€1: April 1, 1981; and April 6, 1981 were
not the proper revisions of the moisture curve.

Project Response:

The two curves identified as curve no. B8 differed from
each other by 0.5 percent and both were derived using
valid data points. All reports utilizing curve no. 8
were reviewed and all moistures were found to be
acceptable regardless of the cuive used.

All curves used to date have been reviewed and no
other duplications were found. This item is therefore
considered isolated.

- For the dates listed using improper revisions of the
curve, a comparison was made between the correct curve
and the curve used; a maximum of 0.1 percent
difference was found. All moisture data was compared
to the correct curve and no moistures were found to be
out of the required range. Based on this comparison,
the deficiency is considered insignificant. A review
of all 7% curves used to-date detected no other
problems with the moisture curves used.

Readiness Review Conclusion: The Readiness Review
construction team concure with the project response.

Readiness Review Finding 13A-6 (Level 111)

Description: Of the 123 tests identified in the target
areas, 31 were found not to have representative

piezometer readings taken prior to placement of backfill
material.

Project Response: Three of the 31 sand cone testg run
in April 1980 were located north of the auxiliary
building. A review of piezometer readings taken from
other reports indicates that the water level was at such




a point that specification requirements were not
violated.

The remaining 28 tests were performed between .
May 19, 1980 and April 1, 1981 in areas south of 5 line
coincident with the auxiliary building north wail.

There were no piezometers in the area at the time since
backfill sufficient to allow proper installation had not
been placed above the marl.

To maintain an acceptable water table level, a trench
drain system was designed and inetalled prior to
backfilling. These trench drains were connected to the
perimeter dewatering system.

Upon placement of sufficient backfill, two piezometers
were installed and readings began on April 6, 1981.
Those piezometers read dry untii( April 21, 1981.

Therefore, it is concluded that the backfill material
was placed at the required distance above the water
table.

Readiness Review Conclugion: The Readiness Review
construction team concurs with the project response.

Foundation Inspection Reports

The construction team reviewed all of the Bechtel
Foundation Inspection Reports for the powerblock in the
Vogtle project files. These reports document inspection
and acceptance of the marl foundation. Each report was
checked for approval of the area and proper signoffs.
The boundaries of each area were plotted on a drawing of
the powerblock and labeled with the inspection date.

The Foundation Inspection Reports are presently stored
in the construction document review vault under the file
name Marl Foundation Report. Copies of four reports not
found in the document review file were identified in the
Civil Project File. The dates of these reports are

July 6, 1977 (2); June 28, 1977; and June 2, 1980,
Copies of these four reports have been placed in the
document review file.

All foundation inspection reports showed approval of the
subject areas and all had proper signoffs. The plot of
inspected areas corresponded very closely with the Marl
Foundation Inspection Plan drawn by Bechtel. Three
reports not found in the Vogtle project files were
indicated on the Bechtel plot. Copies of these three
reports, dated September 10, 1980; March 23, 1981; and
March 25, 1981 have been obtained from Bechtel in order
to complete the Vogtle project file.



The plot of the inspected areas revealed a few small
areas where the inspection apparently was not
documented. However, the overall area was substantially
covered. The fact that 100 percent coverage was not
obtained was acknowledged in a letter dated

June 19, 1981 from B. L. Lex, Bechtel, to D. E. Dutton,
GPC, transmitting the Marl Foundation Inspection Plan
and the Summary of the Marl Inspection Program. The
letter states that the foundation inspection program was
carried out properly and achieved its purpose in
assuring that the marl foundation was uniform and

sound. The construction team agrees with this
conclusion.

No findings were identified in this part of the
assessment.
6.2.2.2.4 Laboratory Activities
A field density test which represents each procedure revision in
effect during the time frame of the assessment was traced
through the following laboratory reports. These reports were
reviewed for completeness and computation accuracy.
0o Field density worksheet (ASTM D1556);
o Wash 200 and sieve analysis;
o Proctor sheet;
0o Daily moisture correlation curve update;
0 Moisture correlation curve.
The review revealed that the laboratory reports were
retrievable, complete, and that calculations were performed

correctly.

No deviations were identified in this part of the assessment.

6.2.2.2.% Programmatic Activities

6.2.2.2.5.1 Personnel Certification. Personnel certifications
of GPC inspectors were assessed to determine whether the
inepection activities were yerformed by qualified personnel.

The construction team reviewed individual certification packages
for evidence that personnel were certified to the proper level.

The asesessment was governed by instruction and checklists
prepared by the construction team (Figure 6.2-6).

6.2-10



The construction team reviewed the certifications of 10 QC
inspectors involved with soil activities and found all to be
certified.

No deviations were identified in this part of the assessr=nt.

6.2.2.2.5.2 Eguipment Calibration. Eguipment used in backfill
testing was assessed.

The assessment involved three pieces of tee® equipment (scale,
proctor hammer, and proc*tor mold). The assessment was governed
by instructions and a checklist prepared by the construction
team (Figure 6.2-7).

The construction team found that prior to December 14, 1982, the
equipment control numbers were not identified on Soils Daily
Inspection Reports; however, the three pieces of equipment
assessed were calibrated, according to procedures C-CI-14 and
M&TE-1-019, during this period. A review of the calibration
records revealed that the equipment had been properly
calibrated.

6.2.2.2.5.3 Deviation Control. An assessment of GPC
Nonconformances or Deviation Reports (DR) was performed to
ascertain whether resolutions of DRs were in compliance with GPC
procedure GD-T-01. The asseusment involved 100 DRs that were
reviewed by the construction team for the following attributes:

o Appropriate dispositicn approval signatures;
o Deviation Report completensss;
o Proper closure and completion.

The 100 DRs reviewed were generated on Category 1 backfill
only. The assessment was governed by instructions and a
checklist prepared by the construction team (Figure 6.2-8). Of
the 100 DRs evaluated, two minor findinge associated with
disposition classification were identified. The error did not
affect the acceptability of the dispositions.

These deficiencies were identified on Readiness Review Finding
13A-5.

0o Readiness Review Finding 13A-% (Level 111)
Description: Two Deviation Reports were dispesitioned

rework: however, repair work was done. The repair

consisted of lean fill concrete placement in lieu of
Category 1 backfill.

6.2-11



Project Response: The two Deviation Reports were
reviewed for impact on the Category 1 backfill. Since
lean fill concrete is an acceptable repair method,
provided engineering approval is obtained, the
deficiency was determined to be procedural in nature.

To correct the deficiency, the original Di's were taken
from the vault and redispositioned as Repair and
received the necessary approval signhatures.

Additional DRs were reviewed and no other discrepancies
were identified. Therefore, no action is necessary to
prevent future occurrences.

Readiness Review Conclusion: The Readiness Review
construction team concurs with the project response.

0039m/323-5
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TABLE 6.2-1

CONSTRUCT ION F INDINGS

Importancea Number  Categoryb

13A-1 A
13A-2 A
1343 L
13A-5 A
13A-6 B
I3A-22 A

Violation of licensing commitments, project procedures, or engineering
requiraments with indication of safety concern.

a. —lov:i |

Level 1|

safety concerns.

Level |11
b. Category A

Category B

Category C

0040m/ | /509 -%

Description

The FSAR stated that the test fill program concluded
that moisture content should be +2%8 of optimum
moisture. Specification allows +2 to -3% of optimum
moisture content.

Settlement reading intervals in specification X2APOI
contradict those given in the FSAR.

A. Two (2) moisture curves were found with same
identification number.

B. Wrong revision of meisture curve was used to
place backfill.

Deviation reports were not properly dispositioned
and approved.

Pierometer readings were not taken as specified.

Gradati 4 for borrow areas cannot be located
in the _ assurance records vault,

- Violation of licensing commitments or engineering requirements with no

Viclation of project procedures with no safety concerns,

Paperwork concern;
Hardware concern;
Progr am concern.



Specification

X2AB0!, Rev. 2

X2AP0| C2.2 Rev.0

Rev. |

Rev. B

Rev. |3

0040m/2/309-5

TABLE 6.2-2
MATERIAL ASSESSMEN]

Category | Borrow Testing Requirements

Effective Minimum Daily Testing
__Dete ASTM D422 ASTM D140 uirement
06-23-78 1000 de of Not required Not required
potential borrow
02-20-79 1000 yd® of Not required Not required
potential borrow
09-19-79 5000 yd> of Not required |
Category | back -
fill material
02-258% 25,000 yd® of 5,000 yd® of |
Category | back Category |
fill material backfill
material
I -09-8¢ 25,000 yd3 of 5,000 yd3 of |
Category | back Category |
fill material backfill
material
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Sand Cone Number:

Pie d Density Work Sheet (ASTM B15%6)

1. Insure cocrdinates and elevation match

2 Sand jar, proctor, and scales calibrated
Sand jar number:
Proctor number:
Scale number:

3. Verified calculation properly performed

¢ Compaction results acceptable

200 (ASTM D1140) and Sieve Analysis (ASTM D423)
L. Scale used was calibrated
Waseh 200 scale number
Gracduation scale number

2 Gradation test results of each sieve size
acceptable

2 Test performed per ASTM requirements

LABORATORY ACTIVITIES ASSESSMENT CHECKLIST
Proctor Sheet (ASTM D-1557)
1 Procter scale, hammer and mold calibrated

2 Verify calculations properly performed

Verity maximuw dry density and optimum
BOisture corresponds with moisture
density curve

4 Inspector name performing test

Level ¥! inspector accepting data

5 Claeeification of gample

a Does sample contain more than seven Yes
gand cone numbere

b Dry density of each test is withir
5 lbe of eelected sample

Dry density of each same are within
1.0 1be

Yes ____ No
Yee ___ No
Yese ___ _ Ne
Yes ko
Yes __ No
Yese ____ No
Yes .. No
Yes _ No
Yes . No
_ Nc
Yes N
Yes _ N




Pan-dry % molisture Yes . N¢

ven -dry % molsture _ Yes T

cummary of Compacted Fill Test (Bi-weekly Progress Report)

on supplied on report Yes N¢
the information from
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SUMMARY

This Independent Design Keview (1DK) of foundations at the Vogtle Electri« ’
Generating Plant (VEGP) was conducted by Stone & Webster Engineering Corpo-
ration as part of the Vogtle Project Readiness Review Program.

The review i1dentified a total of 11 findings. Nine of the findings were
considered violations of project procedures with no safety concerns. OUne
finding was a violation of licensing commitments with no safety concern and
one finding was later considered a non-finding based on further information
supplied to the JDR Team.

Based on the review performed, the limited number of findings and the
corrective action taken in response to the IDR findinzs, the team considers
the foundation design to be technically sound and in compliance with project
lice~ commitments, specifications and procedures




{his
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INDEPENDENT DESTGN REVIEW
INTRODUCTION

This report describes the Independent Design Review (IDR) of founda-
tions at the Vogtle Electric Genetating Plant (VEGP). This IDR was
conducted by Stone & Webster Engineering Corporation (SWEC) as part of
the Vogtle Project Readiness Review Program (RRP). The IDR described
1a  this review covers the design activities of Module No. 13A
"Foundations."

The review was conducted at both Bechtel Power Corporation's (BPC)
offices in Norwalk, California, and at the Plant Vogtle site during
June, 1985. This report describes only the technical review performed
by SWEC personne! under the overall administrative and management
control of the Readiness Review Task Force Manager. The review team
was composed of two SWEC engineers and one SWEC geologis. experienced
in the design of nuclear power plant foundations and backfill, none of
whom have had any previous association with the Vogtle Project. The
collective experience of this review team represents 26 man years of
experience in the detailed design of nuclear power plant structures.

report has been crganized into six basic secty ‘s as follows:
Introduction

Scope - Provides an outline of the scope of the IDR review for this
module.

Review Methodology - Provides the methodology utilized in the review,
the samples chosen, and the basis for sample selection,

Review Summary - Provides a summary of the review and its results at
the time that the review itself was conducted. It does not address or

consider the resolution of review findings. These are included in
Sections 7.5 and 7.6.

Review Findings - Includes the findings from the review, the project
response, and the IDR assessment of that respouse.

Lonclusions -~ Presents tone overall eva.uation and conclusions of the

IDR team with respect to the work reviewed under the scope of this
module .

1522401 ~B4& 7.1+1
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SCOPE

This review was performed to assess the technical adequacy of the
geotechnical engineering and geologic studies performed for the Vogtle
Plant. The focus of (his review was limited to the techni-al content
of the civil/structural design documents (specifications, design
criteria, calculations, drawings, deviation reports, etc.) to determine
if the project licensing commitments were correctly understood and
implemented in a technically adequate manner. The project activities
reviewed included:

P Geotechnical design calculations on bearing capacity, settle-
ment, liquefaction, and permeability.

- I Engineering specifications and drawings relating to earthwork
and settlement monitoring.

3 Deviation report dispositions.
4. Geologic commitments and studies.

A separate programmatic verification of the design process was per-
formed by other members of the readiness review team to ensure that the
project licensing commitments were correctly carried through the
various levels of governing design documents and procedures. The

results of this programmatic verification effort can be found in
Section 6.1 of this module.

For the purpose of this review, the technical correctness and complete~
ness of input information from other disciplines was assumed. The
correctness of inputs from other disciplines will be wverified by
similar independent design reviews of other modules im which the
methodology used by other disciplines is sampled to assess the techni-
cal correctness of that discipline's design output .




7.3 REVIEW METHODOLOGY

A PReview Plan (Appendix 7A) covering foundations wae prepared and
submitted June 11, 1985, ine plan was to provide the reviewers
(Appendix 7B) with the scope, method, and key attributes of ‘Le review.
Alternate or independert verification calculations did not constitute
part of the review act’vities.

7:.3.1 General

The methods of evaluating the adequacy of the project's implemen-
tation of technical commitments in the area of geotechnical
engineering consisted of review of documents (Appendix 7C) and
interviews with project personnel (Appendix 7D) to clarify ques-
tions of interpretation of analytical methods and results. The
evaluation consisted of the following tasks:

. Review of SAR
. Review of Design Criteria

. Review of Specifications and Drawings for licensing
commitments and adequacy of their implementa®ion

. KReview of Engineering Reports

. Review of Calculations for licensing, design, and
specification commitments

. Review of Deviation Report Dispositions for licensing
and design commitment compliance

. Site Walkdown
7.3.2 Sample Selection
FSAR Sections 2.4.13, 2.5.4, 2.5.5, and portions of 3.7 were
reviewed to identify the technical requirements and licensing

commitments relating to the following areas of subsurface materi-
als and foundations:

. Properties of subsurface materials
. Site ground water/permeability

° Liquefaction

. Bearing capacity

. Settlement

L Lateral earth pressure

- Slopes

0399-1522401-B4T 1.3=1




1.3.3

Design calculations and applicable sections of the Design Criteria
pertaining to these areas were reviewed. Bearing capacity calcu-~
lations for the NSCW towers, refueling water tank., and turbine
building were selected for review. Also, settlement calculations
were reviewed for the containment, control building, and turbine
building. The bearing capacity and settlement calculations were
selected to include distinct founding conditions varying from a
shallow embedded mat (refueling water tank) on backfiil to a
highly loaded, deeply embedded, marl-founded mat (containment).

Geotechnical calculations on liquefaction and permeability were
reviewed on a site-wide basis, not by specific structure. The IDR
team had originally proposed to assess the Radwaste Solidification
Building (RSB) caisson foundation design. However, since this
structure is more than 100 ft from the nearest Category I struc-
ture and there could be no adverse impact on a Category ! struc-
ture by a RSB foundation failure, this review was not conducted.

Specifications addressing the entire range of geotechnical activi-
ties were reviewed. These included earthwork and related site
activities, piezometers and dewatering, in situ testing of Catego~

ry I backfill and obtaining and recording foundation settlement
data.

Implementat ion

The review, conducted at the Vogtle site and BPC's Norwalk,
California office, was in accordance with the module review plan
(Appendix 7A) provided prior to the start of the review.

Approximately B0O man-hours of review time were expended on this
module.

After becoming familiar with the FSAR and Design Criteria, a
review of 22 geotechnical calculations was conducted at BPC's
Norwalk, California office. Engineering reports prepared by BPC
and used as design documents were also reviewed.

Specifications and Deviation Reports (DRs) were reviewed at the
Vogtle site. DRs were selected from a computerized log covering
geotechnical items. Approximately 190 DRs had been written
against the geotechnical requirements within the power block area.
A sample of 44 DRs issued between Lhe years 1978 and 1985 were
selected for review and covered the range of such items as erosion
control, backfill compaction, slope configuration, plastic back-
fill, caissons and sheet piles.
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7.4 REVIEW SUMMARY
7.4.1 General

This section presents a summary of the IDR status following .he review
itself but prior to the resolution of the review findings. Individual
findings are resolved in Section 7.5 and the overall IDR evaluation is
provided in Section 7.6.

7.4.2 Engineering Reports

Engineering reports which were used as design documents or as references to
FSAR Section 2.5.4 were reviewed. Several inconsistencies were found to
exist between the engineering reports and the FSAR:

. The values of Young's modulus, E, and shear modulus, G, presented in
FSAR Table 2.5.4-7 and Bechtel's Report on Foundation Investigations,
1974, were found to differ. (Refer to Finding No. 9.)

. The shear modulus, G, was computed for the compacted backfill based on
the equation:

G = 1000 kg (O'm)§, pst

For backfill compacted to 97 percent of ASTM D1557, the Bechtel Report
on Dynamic Properties for Compacted Backfill, 1978, recommends a value

of kp=82. FSAR TAble 2.5.4-9 states that a value of ky=79 was used in
this equation deriving G. (Refer to Finding No. 9.)

. FSAR Tables 2.5.4-10 and 2.5.4-11 and Bechtel's Report on Test Fill
Program Phase 11, 1978, are inconsistent. The column headings titled

"Percent of Tests" on the FSAR tables are confusing. (Refer to Finding
No. 9.)

. The permeability values presented in the FSAR are supplemented by
Bechtel's Ground Water Supplement Report, 1985. The reported permea-
bility values for the upper sand, Utley limestone and marl are based on
a cembination of field and laboratory tests. The permeability values
for the Utley limestone presented in Table 3-3 of the Ground Water
Supplement were developed in Calculation X2CF-$-107. Permeability
values for the upper sands presented in Table 3-1 were developed in an
independent testing laboratory report and are correlated to grain size.

Boring logs and field test data records constitute the back-up informa-
tion for the remaining upper sand permeability results shown in
Table 3-1 and for the Blue Bluff marl permeability results shown in
Table 3-2. However, no calculations are available transforming this
field test data into the individual permeability values shown in
Tables 3-1 and 3-2 or the representative permeability values utilized

in the analysis of an accidental spill (FSAR Section 2.4.13). (Refer
to Finding No. 8)
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Design Criteria

The portions of the Design Criteria (Civil Structural) DC=1000-C
pertaining to geotechnical engineering and foundations were
reviewed to assess whether the commitments were correctly imple-
mented into the project criteria. The following observations were
made : '

The G/Gmax and damping values vs percent strain plots for compacted
backfill are presented in Figures 7 and 8 of the Bechtel Report on
Dynamic Properties for Compacted Backfill, 1978, and Figures F3 and 11
of the Design Criteria DC-1000-C, respectively. The G/Gmax values vs
percent strain appear to be quite large at higher strain levels com-
pared to that referenced in accepted industry literature (Seed and
ldriss, EERC 70-10, Soil Moduli and Damping Factors for Dynamic Res-
ponse Analysis, 1970) for strain levels greater than 10 percent .

In performing the cyclic triaxial tests that provided the basis for
this plot, the samples were subjected to compressional deviator st)ess-
es but not to extensional! deviator stresses. The 1972 Shannon and
Wilson - AJA report on Soil Behavior Under Earthquake Loading Condi-
tions recommends complete cyclic loading. Also, the definition of
damping ratic as given in Figure 19 of the appendix to the Bechtel
Report on Dynamic Properties for Compacted Backfill differs from that
referenced in the Shannon and Wilson - AJA report,

The use of higher values of G/Gmax and the omission of the extensional
portion of the cyclic triaxial tests should be justified. An explana-
tion for the use of the alternate method of determining the damping
ratio should be included. (Refer to Finding No. 1.)

Settlement predictions preseated in FSAR Fig. 2.5.4-8 and Design
Criteria, Rev. 3., Fig. 13, are not consistent. During the IDR, it was
explained that a revision to Fig. 13 was underway to resolve the
inconsistency.

Several inconsistencies exist for soil property values reported in the
Design Criteria and the FSAR. (Refer to Section 7.4.4 of this report
for a tabulation of these differences.)

7.4.4 Calculations

Calculations covering the topics listed in Section 7.3.2 were selected
and reviewed for consistency with the project licensing commitments,
design criteria, and specifications. The review also evaluated the
technical adequacy of the calculations. The following observations
were made :

Settlement calculations used to determine the static, dynamic and
differential settlements of the containment, control building and
turbine building were reviewed (Calc. X2CF-$-037, X2CF-S-087,
X2CF-5-101, X2CF-5-105, and X2CF-5-106) . In addition, 4
civil/structural calculation on the prediction of differential settle-
ment at various piping penetrations was reviewed. The methods used to
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these inconsistencies:

Attribute
Young's Modulus, E
Backfill - Static
=~ Dynamic

Marl

Lower Sand

Shear Modulus, G
Backfill

Poisson's ratio,
backfill

At-rest earth pressure
coefficient - backfill

(Refer to Finding No. 2

0399-1522401-B4T

FSAR Commmitment Design Criteria

1500ksf @ 97% 1430-5140 ksf

ASTM D1557

Not Provided 4300-15,400 ksf

4000-10,000 kst 10,000 kst

Varies (see 11,290 ksf

Fig. 2.5.4-12)

2300-6200 kst 1530-5510 ksf

0.4

and Finding No. 3)

a few

inconsistent
in both geotechnical calcula-

structures

liquefaction

with

. The liquefaction analysis performed in Calculation X2CF-$-SF17 consid-
ered only the free field case which is adequate for structures which
have a small net static load. There are, however,
with larger net positive static loads on the order of 2 and 3 ksf. A
verification of an adequate factor of safety against
beneath structures with a significant positive net static load was not
performed. (Refer to Finding No. 5.)

. FSAR commitments were compared with calculations and in a number of
instances the FSAR commitments were found to be
subsurface material property values used
tions and/or the design criteria. Following is a table

Summarizing

Calc. ‘
1500 ksf @ 949
ASTM D1557

(Calc. No. X2CF~S-024)
No calc.

4000 kst

(Calc. No. X2CF-S-101)
10,000 ksf

(Calc. No. X2CF-5-106)
No calc.

1250-4650 kst

(Calc. No. X2CF-S-S8F17)
0.47 - 0.48

(Calc. No. X2CF-S8-032)

0.4

(Calc. No. X2CF~S+SF17)



7.4.5

7.4.6
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Specifications

The specifications and drawings listed in Appendix 7C were reviewed ior
consistency of technical requirements with project licensing commit-
ments and design criteria.

Specification X2AP01, Civil Structural Construction Specification for
the Georgia Power Company, Alvin W. Vogtle Plant, Units 1 and 2,
Division C2.2, Site and Site-related Work, Rev. 13, was reviewed and
found to be consistent with the Design Criteria and FSAR Section 2.5.4.
Field Change Requests (FCRs) and Comstruction Specification Change
Notices (CSCNs) written against this division of the specification were
also reviewed. These documents covered temporary slope restrictions,
field personnel duties, backfill moisture control, founding require-
ments for structures, determination of water levels during fill place-
ment, and the use of lean concrete or crushed stone in lieu of
compacted backfill at specific locations. Approximately 75 percent of
the FCRs related to the use of lean concrete in place of compacted soil
backfill for specific cases. Overall, there was proper use and imple-
mentation of FCRs and CSCNs.

Division C10.1 of Specification X2AP01, Heave and Settlement Monitor-
ing, was reviewed and found to be consistent with FSAR Section 2.5.4.
The specification requires that settlement graphs have loads and
unusual environmental conditions noted on the graphs. These values
were not present on the drawings referenced in Rev. 3 of the specifi-
cation. However, Drawings AX2D55V050 to AX2D55V063, Rev. 0, issued in
1985 but not yet incorporated into this specification do present a
summary of structural loads vs time,

Deviation Reports

Approximately 190 Deviation Reports have been written against
geotechnical requirements within the power block area. A sample of 44
DRs issued between 1978 and 1985 were selected for review that covered
such items as erosion control, backfill compaction, slope configura-
tion, plastic backfill, caissons and sheet piles.

Thirty-nine of the 44 DRs were found to be satisfactorily
dispositioned. Following is a summary of the five omaining DRs:

L CD-353 dealt with fill being placed at 18 in. lift thickness
while the specification allowed a 6 in. maximum. The DR
indicated no QC inspector was present during the placement of
this fill. This area was reworked, however, no elevation of
the fill area in question is given. The plan location, on
the other hand, is documented. (Refer to Finding No. 10.)

. CD~530 describes sloughing of backfill at the Unit 1 contain-
ment tendon gallery. The area was repaired by reworking and
placement of lean concrete fill. The plan location is given
but no elevation is noted. (Refer to Finding No. 10.)



. CD-2674 describes a deviation in the method of calculating
average backfill density within a given area. The resolution
addressed the issue by citing the small number of lower
precentage Lests compared to the total number (less than
2 percent) and the even distribution of these tests over
time. However, it does not address the spatial distributien
of the lower percentage tests. (Refer to Finding No. 10.)

. CD~3756 describes an excavation slope which exceeded the
steepness limitation. It was dispositioned to use "as is"
since construction was "in the process of backfilling the
slopes to the top of slope". This statement could mean the
slope was being flattened or the area in front of the slope
was beinrg backfilled. The resolution is not clearly worded.
(Refer to Finding No. 10.)

. CD-4186 concerns an insufficient number of density tests in
the Category I backfill west of the auxiliary building. It
was dispeositioned to use "as is" based on the result of four
tests. The exact area in question is not defined nor is the
number of tests required. Also, the elevation of the fill
area in question is not given. (Refer to Finding No. 10.)

7.6.7 Site Walkdown

During the site walkdown various personnel were contacted and observa-
tions of ongoing geotechnical activities were made as follows:

. Soil samples from previous subsurface investigations were no
longer available. However, a series of borings penetrating
the compacted backfill had receatly been completed (May-
June 1985). The jar samples from boring SPT-108 were re-
viewed and inspected by the IDR team. The blow rounts, N,
were found to be very high, ranging from greater than 40 in
the upper 10 ft, to greater than B0 below 15 ft and greater
than 100 between 30 ft and 90 ft.

. At the time of the site walkdown (June 1985), observation
well number 900 was being drilled and tested in the marl
layer. A section of cored marl was inspected. It consisted
of stiff gray clay with occasional limestone lenses. A
packer test was observed underway in this boring at a depth
of 20 ft into the marl. At pressures up to 50 psi, there was
no measurable flow in a 5 ft zone isolated by the packers.

. Ongoing placement of Category I backfill was observed north-
east of the Unit 1 NSCW towers and a large area north of the
Unit 2 diesel gemerator building. Soil was placed in &4 in.
or 6 in. lifts as required by the specification and the loose
fill was wetted down and scarified. A Wacker W74 dual drum,
hand-operated roller was wused in confined areas. An
Ingersoll-Rand SP60 roller was used for the larger areas and
was operated at speeds of approximately 1-2 mph. The buck-
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fill placement observed was judged acceptable based on the
FSAR Table 2.5.4-10 comment.

. The general procedures and requirements for surveying and
reporting settlement observation marker data werc described
by GPC. The GPC procedure SU-T-01, Rev. 3, which establishes
the basic methods and personnel responsibilities and a "desk
top" procedure on the First Order Class 11 geodetic survey-
ing employed for settlement monitoring were reviewed. The
latter procedure is based on NOAA manual NOS NGS-3. Survey
measurements were observed being made at markers 120 and 171
in the Control Building at approximately elevation 180 ft. A
Wild micrometered level, read to 0.001 ft, was being used.
The settlement monitoring points in floor slabs are recessed
brass discs with cover plates. Wall monitoring points are
Nelson studs. However, there were no marker identifications
stencilled nearby as required by Specification X2AP01,
Div. C10.1 and also noted on FSAR Fig. 2.5.4-11. (Refer to
Finding No. 11).

A copy of the 1984 Bechtel Report on Settlement Review was
supplied to the IDR team. This report described the improve-
ments in survey accuracy since 1977 and presented a discus-
sion on the settlement prediction changes since the PSAR
stage of the project. The report also indicated that the
deep-seated benchmarks are located well outside the construc-
tion area and the shallow control monuments are checked
against these benchmarks every 60 days. Overall, the survey

methods observed by the IDR team were found to be
satisfactory.

e
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7.5 REVIEW FINDINGS

Upon completeion, the findings have been classified into levels of
importance to the potential impact on plant safety. The iollowing
levels have been used:

. Violation of licensing commitments, project procedures, or
engineering requirements with indication of safety

significance.

- I Vieclation of licensing commitments or engineering require-
ments with no safety concerns.

111. Violation of project procedure with no safety concerns.

IV. Non-finding based on additional information/clarification
supplied by the project.

Immediately following each of the ftindings is the response provided by

the project to the issue raised and the IDR team assessment of the
response.
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Finding 1 - Determination of the Shear Modulus and Damping Ratio for

Compacted Backfill by Laboratory Testing (RRF 13A-8)

The G/G(max) and Damping value versus strain plots for compacted
backfill are presented in Figures 7 and 8 of the Bechtel
Report on Dynamic Properties for Compacted Backfill, 1978  and

Figures F3 and 11 of the U@sign Criteria DC-1000-C, respectively.

a. The G/G(max) value appears to be quite large compared to that
referenced in accepted industry literature (Seed and Idriss, EERC
70-10,  Soil Moduli and Damping Factors for Dynamic Response Ana-

lysis, 1970) for strain levels greater than 10 ? percent. In
performing the cyclic triaxial tests that provided the basis for
this plot, the samples were subjected to compressional deviator
but not to extensional deviator stresses. The 1972 Shannon aund
Wilson-AJA report on Soil Behavior Under Earthquake Loading Condi-
tions (pg. 72) recommends the complete cyclic loading. The use of
the higher values of G/G(max) and the omission of the extensional
portion of the cyclic triaxial tests should be justified.

b. The definition of damping ratio as given in Fig. 19 of the Appen-
dix to the Bechtel Report on Dynamic Properties for Compacted
Backfill differs from that referenced in the Shannon and Wilson-

AJA (pg. 76) report. An explanation for the use of the alternate

method of determining the damping ratio should be included.

Project Response

a. Reference 1 describes the basis for selection of the dyneami
properties used in VEGP design. The results of dynamic test; of
Category [ backfill at 97 percent relative compaction were evalu-
ated to establish the strain-dependent soil properties for VEGP.
Data obtained from dynamic tests on backfill at 93 and 95 percent
relative compactions were also utilized in interpreting the
97 percent data. The adopted shear modulus reduction curve
represents a good average reduction wher all data from the 95 and
the 97 percent relative compaction tests are combined,

The report by Geotechnical Engineers, Inc., included as an appen-
dix in Reference 1 provides the details on the laboratory testing
program. As stated im Section 5.3.3 therein, the loading for
triaxial test (which is used for strain levels greater than 10-7
percent), not containing tensional components may have resulted in
somewhat higher modulus values. The method of loading selected
was compression loading only, to avoid test inaccuracies that
arise under extension loading. These inaccuracies relate to the
following:

. A disproportionately large part of the deformations tends to
concentrate in looser and softer zones of the specimens.
Thus the overall behavior is not a good representation of the
average behavior of the soil at its average density. When
loaded in compression, an averaging of soil properties takes
place to a greater degree than in extension.
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® Under repeated extensional loading, the initial non- unifor-
mities in the specimens are accentuated leading to an unreal-
istic degree of modulus degradation. In an extreme case, the
extensional loading can lead to "necking" of the specimens.

The 1970 Seed and Idriss Report (Reference 2) summarized the
available test data on shear moduli and damping factors and
provided guidelines for selection of dynamic properties. A
comparison of the project modulus reduction curve with the range
presented in Seed aond Idriss Report is provided in Figure 1.
Identified therein is the maximum effective strain (2x10°% per-
cent) under SSE conditions in the compacted backfill soil columnm,
corresponding to layer 15, FSAR Figure 241.12-1. It can be seen
that for the range of strains up to 2x10°? percent, the project
curve falls within the band suggested by Seed and Idriss. In
addition, the effects of minor fluctuations in the modulus reduc=-
tion curve on the seismic analysis are insignificant.

b.  Specific Damping Capacity is defined as the ratio of the energy
absorbed in one cycle of vibration to the potential energy at
maximum displacement during that cycle, or, with reference to
Figure 2a:

Damping = -Q%—~ (1)

For an isotropic cyclic test, this definition becomes (See Shannon
and Wilson Report and Figure 2b):

. o Area of Loop
Damping = 4n Area of Triangle OAB (2)

For an anisotropic cyclic test, this definition becomes (See
Figure 19 of Appendix to Reference 3 and Figure 2c¢):

Area of Loop (3)
n Area of Triangle OCD

but Area OCD = 4 Area OAB, then equation 3 becomes,

Damping =

Area of Loop
4n Area of Triangle OAB

which 1s equal to equation (2)

Damping =

Performing the cyclic triaxial test using compression loading only
might have resulted, if any, in lowering the material damping
values, which is conservative. In addition, in the strain range
greater than 10°2%, for which the triaxial test was utilized, the
project damping curve falls below the Seed and Ildriss curve

(Figure 10 of Reference 2) and is within the band recommended by
them.
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Associated Reports:

Noune

Root Cause of Finding:

None

Action Taken To Prevent Recurrence:

None

Future Commitments:

None
IDR Assessment

A. The project response described the maximum shear strain level for
the compacted backfill associated with SSE loading conditions as
2x10°? percent. For the range of strains of interest in plant
design ($2x10°% percent) the shear modulus reduction curve used
was satisf- *ory.

The IDR teu. pelieves that the test methodology of excluding the
extensional loading portion of the cyclic triaxial test not only
differs from standard practice but does not represent the antici-
pated field loading conditions. However, for the Vogtle plant
analysis, within the range of strains of interest, the shear
modulus was developed using acceptable resonant coluamn test data.
Therefore, the issue of the cyclic test methodology at higher
strain levels has no significant impact on the plant design.

B. The definition of damping ratio used for these tests was clarified
by demonstrating that the geometry used for an anisotropic test
was similar to that used for an isotropic test. This response
satisfies the IDR team concern.
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Finding 2 - Geotechnical Calculation Inconsistencies (RRF 13A-15)

Of the 22 geotechnical calculations reviewed by the Independent Design
Review Team, a sufficient number of individual findings hay been
identified that these findings when taken collectively indicate the
foliowing:

a. An 1nconsistent use and presentation of values between the
FSAR, the Design Criteria, Engineering Reports and Calcu-
lations.

b. Insufficient justification and documentation of inputs and

assumptions.
Reference Response Lo 13A-18
Associated Reports:
Reference Response to 13A-18
Root Cause of Finding:
Reference Response to 13A-18
Action Taken to Prevent Recurrence:
Reference Response to 13A-18
Future Commitments:
Reference Response to 13A-18
IDR Assessment
The response to this IDR finding has been incorporated into that for
the Design Verification Finding 13A-18. As a result of these two
findings, the project responded by taking action to address the con-
cerns. Upon completion of the project's review and revision of the
geotechnical calculations, the IDR sample included the 22 calculations
originally reviewed plus 12 additional newly created or revised calcu-
lations. These additional calculations were selected based on their
relative importance to the geotechnical design aspects of the piant
The calculations now provide adequate justification and documentation
of inputs and assumptions. In addition, the use and presentation of
the various soil parameters and design values in the project documents
have been clarified, documented, or revised as required. The 1DR team
is satisfied that the geotechnical czlculations now provide a satis-

factory basis for project documentation and plant foundation design.

Finding Level 111
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Finding 3 - Use and/or Documentation of Soil Property Value«

(RRF 13A-7)

The following parameters
justification:

a. Moduli of Elasticity -

b. Shear Modulus -

&y Poisson's Katio
(Backfill) -

d. At-Rest Earth Pressure
Coefficient (Backfill) -

0399-1522401-B4T

were used inconsistently without

E (Backfill): FSAR Table 2.5.4-8 lists
1500 ksf at 97 percent compaction.
Design Criteria describes a range from
1430 ksf to 5140 ksf. Calculation X2CF-
S§-024 uses 1500 ksf at 94 percent
compaction.

E (Dynamic Backfill): The Design Crite-
ria lists a range of &300-15400 ksf.
There 1is no calculated derivation of
these values.

E (Marl): FSAR Table 2.5.4-2 lists a
range of 4,000-10,000 ksf. Design
criteria has 10,000 ksf.
Calculations X2CF-S-101 and X2CF-S-106
use values of 4,000 kst and 10,000 ksf,
respectively.

E (Lower Sand): There are no calcula-
tions deriving the value of 11,290 ksf
presented in the Design Criteria or the
variation with depth shown in FSAR
Fig. 2.5.4=12.

G (Backfill): FSAR Table 2.5.4-9 lists a
range of 2300-6200 ksf. The Design
Criteria has a range of 1530-5510 ksf.
Calculation X2CF-S-SF17 uses 1250-4650
ksf.

The wvalues of 0.47-0.48 computed in
Calculation X2CF-5-032 are reported as
0.4 in the Design Criteria and FSAR
Table 2.5.4-8.

The Design Criteria states a value equal
to 0.7. Calculation X2CF-§-5F17 uses a
value of 0.4.

.59



Projegl»@qspnnﬁe

A.

Modulus of Elasticity
E (Backfill):

E values were obtained from the Bechtel Power Corporation Report
entitied, Report on Dynamic Properties for Compacted Backfill,
February 1978, Table 2.

These values were grouped to represent the modulus for different
backfill depth intervals and are correctly presented in the design
criteria. Calculations will be generated to indicate the source
references and procedure used to obtain the modulus of elasticity,

E.

When estimating settlement of structures for the FSAR, a conserva-
tive uniform soil modulus of 1500 ksf was chosen from within the
range given in the design criteria. Therefore, the modulus value
of 1500 ksf was presented in the FSAR discussion of settlement

E values of soil samples compacted to averages of 93 percent and
95 percent of the maximum dry density (ASTM D1557) were indepen-
dently determined 1in Calculation No. X2CF-8-024. The results
showed an average E-value of 1500 ksf. At 97 percent compaction,
this E-value would be much higher which is consistent with the
conservative assumptions made for settlement. Calculation
No. X2CF-§-024 will be revised to clarify the source of the test
results.

E (Dynamic - Backfill):

The dynamic modul: E-values shown in the design criteria were
obtained using the low strain shear moduli, G, given in the
Report on Dynamic Properties foi Compacted Backfill, February
1978, and using the relationship between E and G. A set of
calculations will be generated to show how the dynamic E-values
were obtained

E (Marl):

During the PSAR stage, the modulus of elasticity L for the marl
was very conservatively taken as 4000 ksf. Subsequently, the mar!
shear wave velocity and Menard pressure meter data were used to
arrive at a value of the modulus of elasticity.

This value of 10,000 ksf, specified in the project design crite-
ria, was determined to be representative of the marl and yet
remained a conservative estimate. The very conservative value of
4000 kst was, in some cases, used in geotechnical calculations,
notably specifig settlement determinations in Calculation
No. X2CF-5-101 where it was desired to insure a more conservative
estimate. For this reason, the values of 4000 and 10,000 were
both given in the FSAR. Based on the above discussion, theve is
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no requirement to revise either the design criteria or the FSAR.
The FSAR gives a conservative to very conservalive range. The
conservative value of 10,000 ksf was chosen for the design crite~
ria. Calculation No. X2CF-S-101 will »e revised to clarify the
use of E = 4000 ksf.

E (Lower Sand):

The E~-values for the lower sand stratum were derived from seismic
shear wave measurements. This wvariation is shown in FSAR
Figure 2.5.4-12 and was determined sy fically for a detailed
settlement evaluation. Calculations that ijesulted in these values
will be finalized and included in the project calculation file.
Calculations will include the basis of .ne representative value of
11,290 ksf value given in the design criteria for project use.

B. Shear Modulus

Both FSAR Table 2.5.4-9 and Design Criteria provisions were
developed from the following Seed and Idriss equation provided in
the footnote to FSAR Table 2.5.4-9:

G = 1000 Ky (Um )5 (See Associated Reports)

The value of 79 1s an average value for Ky, based on interpreta-
tion of laboratory test data (Report on Dynamic Properties for
Compacted Backfill). The wvalues provided in the FSAR table
correspond to depths of 10, 25, 55, 70, and 90 ft, whereas the
values provided in the design criteria correspond to depth ranges
of 0-10, 10-20, 20-40, and 40-90 ft corresponding to depths of 5,
15, 30, and 65. The FSAR and the design criteria are therefore
consistent.

Calculation No. X2CF-S-SF17 used the Seed and Idriss equation to
obtain a shear modulus using a K, value of 64. In this calcula-
tion, K2 was assumed using the %eed and Idriss original curves
because “experimental data on compacted backfill material had not
been developed at that time. (Reference Response No. 13A-14 for a
detailed discussion of this calculation).

G, Poisson's Ratio

In Caiculation No. X2CF-5-032, a compression wave velocity was
assumed while the shear wave velocity was measured. As a result,
the Poisson's ratio was estimated to be 0.46 to 0.47. A value of
0.4 was chosen for design. In settlement calculations involving
only elastic properties of soil, a Poisson's ratio approaching a
value of 0.5 will result in lesser settlement than when the
Poisson's ratio approaches 0.4. Since a Poisson's ratio of 0.4
results in more conservative estimates of settlements, this value
is used in the design criteria as well as in the FSAR. A note
will be added in Calculation No. X2CF-$-032 to clarify this point.
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At-Rest Earth Pressures

The value of E 0 4 used in the liguefaction analvse: was based
Q )

on the equation: K i=Sinf where P = 34° and is correct fox

that analysis This will be clarified 10 Calculation

No. X2CF-§-S5F17.
Associated Reports:
Report on Dynamic Properties for Compacted Backtill, February 1978
Root Cause of Finding:

Calculations did not strictly comply with procedures in that assump-
tions and cross references were not clearly provided.

Action Taken To Prevent Kecurrence:
Reference response to Finding Nos. 13A-15 and 13A-18.
Future Commilments:

A. Generate calculations to show development of modulus of elastici
ty, E, by October 1, 1955.

Modify Calculation No. X2CF-5-024 to clarify source of tesl
results by Octuber 1, 1985.

Modify Calculation No. X2CF-8-101 to clarify use of modulus ot
elasticity by October 1, 1985.

B. Revise Calculation No. X2CF-5-8F17 to «clarify assumptions by
October 1, 1985.

C. Revise Calculation No. X2CF-$-032 by October 1, 1985.
D. Revise Calculation No. X2CF-S5-SF17 by Octeber 1, 1985

IDR Assessment

A. The project response addresses the failure to fully document or
clarify the various modulus of elasticity, E, values presented in
project documents or used in calculations. The IDR team has
reviewed the newly issued and/or revised calculations. Based on
this review, the documentation of the deviation and use of E for
the various site soils is satisfactory. No further action is

required,

B. The project recponse satisfactorily explains different ranges of
shear modulus, G, given in the FSAR and Design Cr:ceria. The
revised calculation was reviewed and the wvalues of shear modulus
were found to be satisfactory. No further action is required
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icceptable Lhe revision to Lthe referenced calculat:ion
satisfactorily addresses the [DR finding

[he project response atisfactorily expleins the use of a K_ 1in
0
the liquefaction calculation that 1s distinct from that value of

K given in the Design Criteria

Finding Level 111



Finding 4 - Static Settlements for Category | Structures

(RRF 13A-9)

In Calculation X2CF-S-106, the updated predicted settlements were
computed for the major plant structures, but noe settlements were
calculated for SiX smaller Category 1 structures In
Calculation X2CF-S-87, settlements were predicted for four of the
$iX structures but the method of deriving E (backfill) was differ-
ent and the effects of compression of the mar! and lower sand were
ignored.

The load of 8.1 ksf listed in the FSAR Table 2.5.4-12 for the Fuel
Building 1s taken to be 6.3 ksf in calculation X2CF-$-106 for
static settlement. No explanation 1is provided for this
difference,

Project Response:

A.

Settlement calculations for the plant structures, including four
of six of the smaller structures, were originally performed
excluding the contribution due to compression of the lower sand
stratum (below the marl layer) by the structures and backfill
Calculation No. X2CF-8-106 was performed to incorporate the
contribution of the lower sands into the predicted settlements for
structures where applicable. The applicable structures analyzed
were those that were either large, heavilv loaded, or deeply
imbedded, so that the contribution to settlement from the lower
sand stratum was significant. The six smaller structures were not
included because they did not significantly contribute to the
compression of the lower sand stratum, nor were they significantly
affected by the compression of the lower sand stratum because they
were located near grade and thus constructed subsequent to com-
pression of the lower sands by the backfill and other structures.
Therefore, the original settlement calculations for the four
smaller structures remain valid. Calculations were not performed
for the two additional structures as it was felt that theii
settlements would be similar to the other four small structures
for which calculations had been completed (Calculation
No. X2CF-S5-87). As addressed in Finding Nos. 13A-15 and 13A-18,
these calculations will be revised to clarify these assumptions
and conclusions,

The load of 8.1 ks! given in the FSAR for the Fuel Handling
Building (FHB) is correct. The load of 6.3 ksf used in Calcula-
tion No. X2CF-5-106 is a preliminary estimate that was superceded
by the 8.1 ksf value. This value was transmitted by the project
to geotech along with values for all of the other structures.
Calculation No. X2CF~§-106 will be revised to incorporate the
correct value for the FHB. The correct values for the other
structures were used in the calculation. The predicted settlement
for the FHB will be increased. However, the total settlement to
date is well within the wvalue currently predicted and |
stabilizing.
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Associated Reports:
None
Root Cause of Finding:

The failure to incorporate the «correct value in Calculation
No. X2CF-5-106 was an oversight by the Responsible Engineer.

Action Taken To Prevent Recurrence:
Refer to Response for Finding Nos. 13A-15 and ".,A-18.
Future Commitments:

Revise Calculation No. X2CF-S-106 by October 1, 1985, to incorporate
the correct value and clarify i1ts purpose and assumptions. Revise
Calculation No. X2CF-S-87 to clarify its purpose, assumptions, and
]imitations relative to Calculation No. X2CF-5-106 by October 1, 1985.

IDR Assessment

A, The explanation for not performing additional calculations provid~
ed in the response adequately addresses the IDR observation. That
is, the compression effect on the lower sands exerted by the
smaller, near grade founded structures will not be significant.
In addition, the revised calculation was reviewed and found to
incorporate the clarifying assumptions and conclusions. There-
fore, the project response satisfactorily addresses the IDR
concern and no further action is required.

B. Fhe revision to the settlement calculation incorporating the Fuel
Handling Building (FHB) foundation load reported in the FSAR
idequately addresses the finding. The revised calculation indi-
cates that increasing the FHB load from 6.3 ksf to 8.1 ksf in-
creased the predicted settlement from approximately 3 1/2 in. to
slightly greater than 4 in.

Finding Level 1]
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Finding 5 - Calculation of Factors of Safety Against Liquefaction
(RRF 13A-10)

I'he liquetaction amalysis pertormed in Calculation X2CF-5-817 consid-

cered the free field case only. This approach was adequate for most of
the structures that have either a small net positive static ioad or a
net negative static load. There are, however, a few structures wilh
net positive static loads on the orier of 2«3 ksi A verification of

the factor of safety against ligquefaction was pot performed “onsidering
these net loads

Project R(‘h}!(lllfi('

The factor of safety against ligquefaction under "tree field” conditions
is normally expressed as the ratio between the stress rat7 (dynami«
shear stress to initial effective vertical stress) requirea ‘o cause
initial liquelaction, and the stress ratio induced by the given ground
motion, 1.e

E

. . 1/0g," for wnitial ligquetaction
Factor of Safety against liguetaction /, R, 1

1/0," induced
When structures are present, three additional ta ors may need to b
considered

a effect of 1matial static shear stresses, o1 Ka eftect
b etfect of additional vertical stresses, or K elfect
"
( increase of the oyclic shear stresses on and above those

corresponding to the free field conditicn (goil-structure
interaction effect)

These three factors will be discussed below
a. K_eftect
s 3

When a simple shear test sample of sand is subjected to an initial
horizontal shear stress before che application of cyclic stresses,
1ts resistance to ligquefaction increases, If the ratio between
the initial static shear stress and the initial effective vertical
stress is called «, then by definition « 0 for the free field
conditions Typically, values of « range between 0.0 (free field)
and « 0.30 for conditions under loaded areas and embankments

Test results on many sands a4t a wide range of densities are
available showing the increases in cyclic stress ratio required Lo
cause initial liguefaction in tests conducted with different
initial « Thes, for example
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b.

Cyclic Stress Ratio

required to cause 1/0,'for a = a*

kel - ligquefaction, 1/0," 1/0,' for @ = 0
"0 (free field) 0.18 1.0
0.1 0.22 1.3
0.3 0.36 2.0

Clearly then, the application of initial shear stresses to the
state of stress corresponding to the free field condition has
berneficial effects on the soil resistance o liquefaction.

* Reference Associated Reports
K} :sffect

Current practice in evaluating liquefaction potential comsists of
comparing the site under study with others whose performance
during earthquakes are known. To do this, a characteristic
property at the two sites is selected for the comparison (usually
the standard penetration resistance). Taking this as a basis, the
cyclic stress ratio required to induce liquefaction of a sand
which has the given SPT values 1s read off an empirical chart.
The data used in the preparation of that chart come from relative-
ly shallow (less than about 40 feet) sand deposits, for which the
effective vertical stresses are less than about 2500 psf.

Laboratory studies show that the stress ratio required to cause
liquefaction in a given sand decreases as the effective confining
pressure increases. Thus, in order to apply the data from the
empirical chart to field conditions where a surcharge is applied,
care must be taken to modify the stress ratio values from the
chart by a factor K such that:

e = x
00

K in the above equation is near 1 for values of 0,' up to
about 3000 psf.

Thus 1n the cases addressed in the review, the vertical loads
applied by the structures have no effect on the free field situa-
tion of the liguefaction resistance of the subsurface sands.

Soil Structures Interaction Effect

Extensive dynamic soil-structure interaction studies by finite
element modeling (The Pilgrim Nuclear Power Project for example)
have shown that the small increases in dynamic shear stress due to
interaction effects slightly increase the cyclic stress ratio, but
this slight increase is compensated by a much larger increase in
stress ratio to resist liguefaction due to the Ku effect, as
discussed above. The overall net result is an increased resis-
tance to liquefaction.
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SUMMARY AND CONCLUSTONS:

The liquefaction potential of foundation sands below the structures
addressed in the review was evaluated considering it to be a
“"free-field" condition. This was considered conservative, because

a. The Ka effect, which increases liquefaction resistance by a

factor potentially as large as 2 was ignored.

b. The increase in vertical stress due to structural loads has
no effect on the stress-ratio required to cause liquefaction
as obtained from empirical data.

D. Based on experience, the soil-structure interaction effect
wili not increase the potential for liquefaction for the

loadings under consideration.

We therefore conclude that the liquefaction potential was properly
studied and requires no additional review

Associated Reports:

"Evaluation of Liquefaction Potential Using Field Pertormance Data', by
H. B. Seed, 1. M. ldriss, and [. Arango, Journal of Geotechnical
Engineering, ASCE, Volume 109, March, 1983.

"Earthquake-Resistance Design of Earth Dams", by H. B. Seed, in "Seis-
mic Design of Embankments and Caverns", Terry R. Howard, Editor,
(Published by ASCE in 1983).

Root Cause of Finding:

Calculation did not strictly comply with procedures in that all assump-
tions were not clearly presented.

Action Taken To Prevent Recurrence:
Reference resporse to Finding Nos., 13A-15 and 12A-18.
Future Commitments:

Revise Calculation No. X2CF-5-8¥17 to justify and clearly describe
assumptions by October 1, 1985.

IDR Assessment

While the IDR team believes actual calculations are the best solution
to a problem, the Project Response by explanation in this case is

considered adequate., As described, the free-field case is the most
conservative and results in the minimum factor of safety against
liquefaction. In effect, introducing net positive loads onto the

profile increases resistance to liquefaction within the scils loaded by
that structure.
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Finding 6 -~ Calculation of Bearing Capacity (RRF 13A-11)

FSAR Table 2.5.4-12 coutains the static and dynamic bearing - apacities
for the Category | structures, the Turbiune Building, and the Radwaste
Transfer Building. Documentation of input data for certain calcula-

tions has not been provided in that:

A Calculation X2CF-8-103 does not develop the net static and
dynamic pressurves which are used to compute factors of
sately.

b. The Turbine Building dynamic factor of safety is mot computed

in Calculation X2CF-S-103, but a wvalwe is given in FSAK
Table 2.5.4-12.

Project Response

A, Although Calculation No. X2CF-5-103 does not present each algebra-
ic step for each structure, it does develop the static and dynamic
bearing capacity for the structures noted by the tollowing
approach:

s Summarizing the calculation procedure to be used and
providing a specific example.

P Summarizing the input parameters.

3. Summarizing the results in tabular form.

B. The static and dynamic bearing capacities for the VEGP structures
were calculated by Geotech (Calculation No. X2€8F~$-103) based on
input received from the Project. The capacities for the Turbine
Building were excluded from Revision 0 of the calculation pending
lnput from SCS. Upon receipt of the input from SCS, the Turbine
Building dynamic factor of safety was developed and the results
reported in the FSAR. Calculation Ne. X2CF-5-103 has not been
re~issued to incorporate this addition.

Associated Reports:

None

Root Cause of Finding:

Oversight by Engineering.

Action Taken To Prevent Recurrence.

Refer to the Response to Finding Nos. 13A-15 and 13A-18.

Future Commitments:

Calculation No. X2CF-5-103 will be revised to incorporate the calcula-
tion for the Turbine Building by October 1, 1985. Calculation will be
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reviewed and revised as necs vy to provide all required data and
references by October 1, 1985.

IDR Assessment :

A. The IDR team has reviewed Calculation X2CF-8-103 and concurs that

0399~

the algebraic form to develop the net static and dynamic pressures
and all input data are adequately summarized or presented. No
additional clarifications or modifications to the calculation are
required.

B Inciuding the Turbine Building dynamic tactor of safety in the
calculation satisfactorily addresses the finding.

Finding Level [11
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Finding 7 - Determination and Use of N the Number of Cycles of
Sx§n1f|canl Motion in Ejguetactnon Ldl\uldl'(ﬂ
(RRF 13A-12)

An N_ value equal to 30 was originally selected for the Vogtle site
r(ferentlng a 1971 report by Seed and ldriss, Simplified Procedure for
Evaluating Soil Liquefaction. In 1975, Seed and Idriss issued an
updated report in which Nq equal to 23 was determined to be suitable
for a Magnitude 7.5 farlhquakv

In Calculations X2CF-$-SF17 and X2CF-5-36, Nc values of 30 and 23 were
used, respectively. Justify or resolve the use of these different
values.

Projgp}_ﬂegpunse

The design SSE intensity for the site is VII-VIIJ. The N( value of 30
cycles for an earthguake of a magnitude 8 was conservatively used in
Calculation No. X2CF-S-SF17 for backfill compacted to 97 percent to
calculate the factor of safety against liquefaction. This evaluation
18 conservative because the cyclic stress ratios for the compacted
backfill decrease with the i1ncrease in stress cycles. Therefore, bhoth
values ot Nﬁ yield acceptable factors of safety against liqueiaction
for backfill® compacted to 97 percent.

Calculation No. X2CF-5-36 was performed at a later date to study
liquefaction for batkfll] compacted to 93 percent and 95 percent. The
design value h of 23 cycles was used and an acceptable factor of
safety was obtadined. Backfill is placed at 97 percent in the field.
Associated Reports:

None

Root Cause of Finding:

Explanatory statement not included in Calculation No. X2CFS-SF17.
Action Taken To Prevent Recurrence:

Refer to the Response to Finding Nos. 13A~15 and 13A-18

Future Commitments:

Calculation No. X2CF-S-8F17 will be vevised tc include a statement
regarding the conservative use of an N( value of 30 cycles by
October 1, 1985.

IDR Assessment

The IDR team accepts the project response justifying the use of an

extremely conservative N equal to 30 during the early stages of the
project. In addition, the revised value of N[ equal to 23 used in
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Finding 8 - Permeability Determinations (RRF 13A-13)

The Groundwater Supplement Report, 1985, Section 3.1 state: hat ali
test data from 1971 to the present was reviewed and analyzed to deter-
mine representative permeability values. FSAR Section 2.4.13.1 con-
tains average permeability values based on this test data. The
permeability values for the Utley Limestone presented in Table 3-3 are
developed in Calculation X2CF-S-107, and the Law Engineering Testing
report of July 1972 contains some permeability values, shown in
Table 3-1, for the upper sands based on grain size correlations,

Boring logs and field test data records constitute the back-up informa-
tion for the remaining upper sand permeability results shown in
Table 3-1 and for the Blue Bluff Marl permezbility results shown in
Table 3-2. However, no calculations were shown in Tables 3-1 and 3-2
or the average permeability values utilized in the analysis of radio-
logical consequences (FSAR Section 2.4.13.1),

Project Response:

Calculations were performed to transform all field test data intoc the

permeabilities shown in Table No. 3-2. Much of this analysis was
performed in the early stages of the job prior to the temporary shut-
down in 1974. At that time, there were no formal calculation proce-

dures in the Hydro and Community Facilities Division (H&CF). The H&CH
personnel performing this task did not retain this calculation. The
results were merely tabulated in various logs and reports. Original
data, however, were retained. The calculations determining permeabili-
ty will be recreated and issued.

The "average" permeability values noted in the finding wers neither
averages nor the result of a numerical calculation. They were a
conservative selection based upon a review of the data. Recreation of
the calculations will include a summary indicating the basis for the
selection of the representative values.

Associated Reports:

None

Root Cause of Finding:

Caiculations do not conform to present procedural reguirements. Hydro
and Community Facilities (H&CF) is an independent, off-project group;
the procedural discrepancies cited are related only to H&CF.

Action Taken To Prevent Recurrence:

Refer to the response tor Finding Nos. 13A-15 and 13A-18.

Future Commitments:

Kecreate permeability calculations and issue by October 15, 1985

,
]
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IDR Assessment

lhe recreation of the calculations transforming the field dat into
representative permeability values for upper sand and marl sotisfies
the IDR team. The calculations have been reviewed and do zdequately
address the finding. That is, the 1lgebraic maaipulations are correct,
fully explained and the basis for the selection of the representative

values is satisfactory.

Finding Level I11
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Fidoing 9 - Document Inconsistencies (RRF 13A-14)

Inconsistencies exist between the referenced FSAR tables  and  {he
following reports:

a, FSAR Table 2.5.4-7 and Bechtel Report on Foundation [nvesti-
gation, 1974 - the computed values of E and G are based on
different soil densities from those shown in the table.

b. FSAR Table 2.5.4-9 and Bechtel Report on Dynamic Properties
tor Compacted Backfill, 1978 - Ditferent values of the factor

Ky are given for ba(kflll compacted to 97 percent of ASTM
D1557.

¥ FSAR Tables 2.5.4-10 and 2.5.4-11 and Bechtel Report on Test
Fill Program Phase 1, 197% = The "percent of tests” numbers
in the referenced tables are inconclusive as presented and
are 1nconsistent with the referenced report.

Project Response:

A. The computed values of E and G shown in FSAR Table No. 2.5.4-7 are
valid and are based on Table 3 of Bechtel Power Corporation'
"Report on Foundation Investigation, 1974". The values shown in
Table 3 of the Bechtel report were obtained from a report present-
ed by Weston Geophysical Engineers, Inc., dated April 13, 1972,
and are applicable only for a soil unit weight of 100 Ibs/cubic
ft. The FSAR values of E and G have been adjusted since the
actual unit weight of the upper sand, marl and lower sand strata
18 115 Ibs/cubic ft. The column showing density in the FSAR table
will be revised to show the correct densities.

B. There is no inconsistency between the values of Ky for backfill
compacted to 97 percent of ASTM DI557 shown in ¥FSAR Table
No. 2.5.4-9 and the Bechtel "Report on Dynamic Properties for

Compacted Backfill"”. FSAR Table No. 2.4.4-9 shows a K; value of

19. Bechtel's report (Table 2, Page 11) also recommends a Ko
value of 79. The basis for the selection of the Ky value of 79 is
discussed in Bechtel's report (Page 7) and is summarized below.

The K; value of 79 was based on data developed for 95 percent
relative compaction and was an average of the upper and lowe:

bound Kz wvalue. Subsequent data for 97 percent relative compac-
tion yielded an average K; value of 82 for 97 percent relative
compaction. Since the difference between Ky for 95 percent and

97 percent relative compaction i1s very small (less than
4 percent), the value of K; of 79 was recommended for consistency.

There are two instances in the calculations where a value of Ky
different from the design value of 79 was used. In both instanc-
es, the calculations were performed prior to the determination of
Ky 11 the laboratory

“
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Action Taken To Prevent Recurrence:

All Geotechnical calculations will be reviewed and revised as pecessary
to establish the required documentation (Refer to the response to
Finding Nos. 13A-15 and 13A-18). The addition, a "roadmap" calculation

will be created to establish the source of all design data reported in
the FSAR.

Future Commitments :

. Revise calculations to establish documentation by October 15,
1985.
L4 Develop and issue "roadmap" calculation to support FSAR by

November 1, 1985.
. Revise FSAR tables by August 31, 1985
IDR Assessment

A, The revision to the referenced tables adjusting the values of E
and G satis{ies the IDR finding No further action 1s required.

B. The project response satisfactorily explains the determination and
use of the factor Ky. Initially, using the assumed lower value of
K; and subsequently using greater values of Ky based on laboratory
testing, did not significantly affect the liquefaction analysis

Clarifications made to the liquefaction calculations have been
reviewed by the IDR team and found to adequately explain, document
and cross-reference the use of different values of Ky.

L. The modifications to the referenced FSAR tables satisfactorily
addresses the IDR finding. No further action is required, In
general, the IDR team believes the "roadmap" calculation that
cross-references the design data presented in the FSAR with the
project calculations adequately serves to clarify the project data
SOuUrces,

Finding Level 111
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Finding 10 - Deviation Reports (RRF 13A-16)

a. Deviation Reports CD-353, CD-530, and CD-4186 did not 1include
elevations when describing the location of the non-conformances.

b. The justification for the disposition of Deviation Report CD-3756
is not clear. Either the contractor could have been establishing
the proper slope or could have been simply backfilling the area
which would eventually bury the slopes.

oS The justification for the disposition ot Jeviation Report CD-2674
addressed the overall low frequency of '45 percent" density tests
compared to "97 percent'" density tests The justification would
be stronger if the location (plan and elevation) of the
"95 percent" test results were evaluated in order to ascertain if
they were concentrated in a given area or were widely dispersed.

Project Respouse

A. The elevations for Deviation Report Nos. CD-353 and CD-530 were
available in other field documents and were not included in the
Deviation Report sketches. These Deviation Reports are being
re-issued to include the elevations. The elevation data for
CD-4186 was available in the original and revision 1is not
required.

B. Deviation Report No. CD-3756 was written to address slopes con-
structed steeper than allowed by specification. The slopes had
been protected from erosion and showed no signs of sloughing. As
noted in the Deviation Report justification, the slopes were in
the process of being backfilled against and no additional rework
was required. Deviation Report No. CD=3756 will be re-issued to
include a description of field review regarding erosion protection
and stability.

K- The justification for Deviation Report No. CD-2674 demonstrated
that the specifics of how the tests were averaged was irrelevant
since 98.5 percent of the tests were over 97 percent and no more
than 0.7 percent were below 95 percent. The specification re-
quired only an average of 97 percent with no more than 10 percent
below 95 percent.

The dispersion of the few tests below 97 percent (approximately
100 tests out of B000) is also addressed in the Deviation Report
by referring to the distribution over the duration of the backfill
program. It should be noted that the tests below 97 percent are
not failing tests, but rather tests to be considered in averaging
to meet the specification requirements for horizontal planes of
backfill. The Deviation Report covers the period from
October, 1977, to September 15, 1982. During this period, the
number of tests below 97 percent were: 4 in 1977, 10 in 1978, 12
in 1979, 20 in 1980, 24 in 1981, and 29 in 1982, indicating that
tests below 97 percent e not confined to any one period. In
addition, compaction tes ire sequentially numbered as they are
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pertormed and review of the data in the Deviation Report indicates
the numbers are distributed throughout the program. .

Based on the above discussion, it is concluded that the existing
Deviation Report adequately justifies the approval, and that

further evaluation of the plan and elevation location of the tests

15 not required. This conclusion has recently been reinforced by

the standard penetration test program verifying that the fill is

dense throughout its depth. In addition, a conservative evalua- .
tion of the field density test data has been performed and indi-

cates the average percent compaction is 100 percent.

Associated Reports:

None .
Root Cause of Finding:

Items A&B: Oversight by Project Field Engineeriug. Item C: None

Action Taken To Prevent Recurrence:

Uversights are minor and are not related to technical Justification
No further action is required.

Future Comments :

Deviation Report Nos. CD-353, CD-530, and CD-3756 have been revised to .
provide the required data.

IDR Assessment

A. The project response outlining the re-issue of the referenced
Deviation Reports (DR) as required adequately addresses the IDR
findings.

B. The clarification to the referenced DR satisfactorily addresses

the 1DR finding.

C. The project response discussion with respect to the extremely low
percentage of density tests below 95 percent compaction and the
dispersion of these few tests throughout the site backfill ade- .
quately addresses this IDR finding No {urther action is
required,

Finding Level 111
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Finding 11 Settlement Marker Numbers (RRF 13A-17)

Specification X2AP0O1 Section C10.1 requires that "Settlement marker
numbers be stencilled on a flat surface adjacent to the marker."
During the site walkdown it was noted that there were no iueriification
numbers at the marker locations.

Project Response

Past attempts to stencil marker numbers on flat surfaces near markers
have met with limited success. Typically 1 areas where stenciling
was attempted, it was obliterated by const uction activity. Further
attempts were abandoned. It is therefore proposed to fabricate plaques
containing marker numbers and attach them to permanent surfaces near
the markers.

It should be noted that the marker number can always be determined by
referring to the Structure Forming Drawings where the number and exact
location are given.

The purpose of FSAR Figure 2.5.4.11, "LOCATION OF SETTLEMENT MARKERS,"
was to indicate the location of settlement markers in the power block
structures. No commitments as to the miscellaneous notes on the design
drawing from which the figure was made were intended. Therefore no
revision of the FSAR is required.

None
Root Cause of Finding

Georgia Power Company (GPC) comstruction chose to delay stenciling
until construction interferences and deleterious activities had ceased.

Action Taken to Prevent Recurrence
None
Future Commitments

Install plaques by October 15, 1985. Specification No. X2AP01 €10.1
has been revised to allow the use of plaques.

The revision to the referenced specification mandating the installation
of permanent plaques and the commitment to their installation satisfies

the IDR finding. No further action is required on the part of the
project.

Finding Level 111
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1.0 Objective

This portion of the Independent Design Review (IDR) addresses the technical
adequacy of the geotechnical engineering and specific geologic subjects for
Plant Vogtle.

The purpose of this review plan is to define the scope, the review method
and the activities necessary in order to make au assessment of the design.

2.0 Scope
The effort will consist of a review of:
L. Geology sections of licensing documents

Design Criteria (pertains to all Category I structures)

r

Backfill and marl properties, laboratory test reports, subsurface
conditions, field tests

Calculations relating to Design Criteria

Design groundwater level and aquifer characteristics, static
and dynamic soil properties, general bearing capacity

Laterial Earth Pressure (static and dynamic)
Slope Criteria
Allowable bearing pressures
3. Design Calculations
Bearing Capacity
cooling towers (marl founded)
refueling water tank (backfill founded)
Settlement (static, dynamic, differential)
containment (marl and backfill founded)
control building (backfill)
auxiliary building (marl)
Liquefaction
compacted backfill
diesel generator building (backfill)
condensate storage tank (backfill)
Permeability
Deep Foundations

radwaste solidification building caissons (Category 11)
(mar]l founded)
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Turbine Building Foundation (Category 11)
bearing capacity
settlement
liquetaction

4. Specifications
Site investigation
borings
geophysical surveys
groundwater
Site and Site Related Work
Heave and Settlement Monitoring
Deep Foundations

B Construction Procedures
settlement monitoring
groundwater control and monitoring
excavation
backfill placement and testing
deep foundation installation
field testing

6. Deviation Reports (DR)
A sample of DRs covering the following areas will be selected:
foundation preparation
backfill placement
excavation and dewatering
settlement monitoring

- {9 Site Walkdown
Core samples
Ongoing backfilil operations
Ongoing observation well installation
Settlement markers and benchmarks

The review will be conducted to ascertain whether the Plant Vogtle licensing
commitments have been incorporated into the engineering and design of
Category 1 plant foundations. The review will include licensing commit-
mepts, design criteria, codes and standards, drawings, specifications,
technical reports and calculations,

3.0 Review Method

The Independent Design Review (IDR) for this module will evaluate project
design criteria, calculations, drawings, specifications, and design chauge
documentation. This review will encompass the documents listed in Attach-
ment 1. Independent verification calculations will not be prepared during
this review.

The reviewers will use the FSAR as a basis to understand the project licen-
sing commitments. A representative sample of calculations will be selected
for detailed review. The design criteria will be evaluated to ascertain
whether the commitments have been correctly translated i1nto the document
through codes, standards and calculations.
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Design calculations will be evaluated for agreement with the design cri-
teria, the proper use of codes/standards and allowable design stresses and
limits.

The design specifications and construction procedures will be ~eviewed to
ascertain whether the information from design calculations has been cor-
rectly incorporated. Applicable specifications and a representative number
of construction procedures will be reviewed.

The review of Category II foundations for the turbine building and radwaste
solidification building will be done to ensure ! iat the design precludes
conditions that may jeopardize adjacent Category I structures. The review
will include liquefaction, bearing capacity, settlement and lateral stabil-
ity of these foundations.

A sample of Deviation Reports (DR) covering founding conditicns, backfill,
dewatering, settlement monitoring, and deep foundations will be selected for
review. The reviewer will evaluate the engineering basis of the
dispositions.

There will be an overview of field comstruction and testing procedures,
field and laboratory test reports, and soil/rock samples obtained during
subsurface investigations and maintained by GPC.

The site walkdown will include observations of settlement monitoring
markers, existing site soil and groundwater conditions and ongoing back-
filling or other foundation related activities.

/

4.0 Schedule

Activity Location Date
Review Plan Preparation SWEC 5/23 to 6/7
Boston, MA
Design Review Plan Approval SWEC 6/14
Boston, MA
Site Walkdown and Review of Plant Vogtle 6/17 to 6/21

Specifications, Procedures
and Test Results

Review of Project Engineering Bechtel Office 6/24 to 6/28
Calculations and Engineering Norwalk, CA

Reports

Review of Turbire Building Southern Company /1 Lo 7/2
Foundation Design Calculatious Services

Birmingham, ALA

Reviewer Reports SWEC 7/8
Boston, MA

0104-1522401~-B4T 3



Activ Lty Location

Findings of Review Submitted SWEC

! ston, MA

Uraft Module Report SWEC

for SWEC Review Boston, MA

Module Report for SWE(
Review Board Boston, MA
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DOCUMENTS
A. Readiness Review Task Force Module No., 13 - Licensing Commitmcant Matrix
B. PSAR (Chapter 2.5) and FSAR (Chapters 1.9, 2.4, 2.5, 3.7)
£ Design Criteria
General Design Criteria DC-1000-C
Grading and Earthwork DC-2146

D. Geotechnical Reports

L Bechtel Power Corporation. Report of Foundation Investigations,
Alvin W. Vogtle Nuclear Project. July 1974.

2. Bechtel Power Corporation. Report of Backfill Material Invest-
gations, Alvin W. Vogtle Nuclear Project. January 1978

3. Bechtel Power Corporation. Report of Backfill Material Investi-
gations, Alvin W. Vogtle Nuclcar Project. Addendum Bex 1,
October 1978

4. Bechtel Power Corporation. Report of Backfill Material Investi-
gations, Alvin W. Vogtle Nuclear Project. Addendum No. 2,

November 1979

8. Bechtel Power Corporation. Report of Dynamic Properties for
Compacted Backfill, Alvin W. Vogtle Nuclear Project.
February 1978

6. Bechtel Power Corporation. Test Fill Program, Phase 11, Alvin
W. Vogtle Nuclear Project. October 1978

Bechtel Power Corporation and Georgia Power Company. Final Report
on Dewatering and Repair of Erosion in Category 1 Backfill in
Power Block Area. August 15, 1980

8. Bechtel Power Corporation. Report of Marl Investigation. Vogtle
Nuclear Power Plant, December 1974

E. Geotechnical Design Calculations

Design Criteria Calculation reiating to:
design groundwater level and aquifer characteristics
static and dynamic soil properties
general bearing capacity
settlement
Bearing Capacity
cooling tower
refueling water tank
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Attachment |

Settlement (static, dynamic, differential)
containment
control building

Liquefaction
compacted backfill
diesel generator building
condensate storage tank

Deep Foundations
radwaste solidification building caissons

Turbine Building Foundation Design

F. Civil Drawings (relating to earthwork, foundations, dewatering, et
G. Civil-Structural Construction Specification; Spec. No. X2APO!

Site and Site Related Work, Division (2
Heave and Settlement, Division C10
Piles, Division C12

H. Field Procedures (relating to Spec. No. X2AP01)

(e 3}
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Reviever's Assignment
Reviewel Area of Review
W. Kilker Geotechnical Epgineering
. McCoy
R. Skryness Geology
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L. General Design Criteria (Civi! Structural) DC-1000-C, Rev. 3
Alvin W. Vogtle Nuclear Plant Units 1 and 2. September 30, 1983
2.4 Vogtle Electric Generating Station Units 1 and & PSAR
Sections 2.5.1 and FSAR Sections 2.4.12, 2.4.13, 2.5 1, 2.5.4

. 2.5.5, and Appendix 2B.

Bechtel Power Corporation. Report of Foundation Investigations,
Alvin W. Vogtle Nuclear Project. July 1974.

s

b Bechtel Power Corporation. Report cof 1.,. fill Material Investiga-
. tions, Alvin W. Vogtle Nuclear Project. January 1978.
9 Bechtel Power Corporation. Report uf Dynamic Properties for
Compacted Backfill, Alvin W. Vogtle Nuclear Project. February
1978.

b Bechtel Power Corporation. Test Fill Program, Phase 11, Alvin W.
Vogtle Nuclear Proiect. October 1978.

Bechtel Power Corporation and Georgia Power Company. Final Report
on Dewatering and Repair of Erosion in Category 1 Backfill in
Power Block Area. August 15, 1980.

8. Bechtel Power Corporation, Ground Water Supplement, Vogtle
. Electric Generating Station. March 1985.

9. Bechtel Power Corporation. Settlement Review, Plant Vogtle.
September 1984,

10. Specification No. X2AP01, Cival Structural Censtruction Specifica-
tion for the Georgia Power Company, Alvin W. Vogtle Plant, Units 1
and 2, Burke County, Georgia.

a. Section No. C2.2, Rev. 13, "Earthwork and Related G&ite
Activities."

b. Section No. C2.18, Rev. 9, "Piezometers and Dewatering
Wellpoints."

. £, Section No. €2.19, Rev. 0. "Standard Penetration of
Category 1 Backfill.”

d. Section No. C10.1, Rev. 7, "Obtaining and Recording Founda-
tion Settlement Data."

‘ 11. Calc. No. X2CF-5-SF04, Rev. 0, "Max. Compacted Dry Density ana
Optimum Moisture Control."

12. Calc. No. X2CF-5-SF07, Rev. 0, "Summary of Unconsolidated Un-
drained Triaxial Test Results and Calculations of Elastic

. Modulus . "
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15.

16.

b

23.

24.

26.

27.

28.

29.

30.

3k

Calc. No. XZCF-S-SFO08, Rev. 0, "Consolidated Undrained Triaxial
Test Resuits and Elastic Modulus."

Calc. No. X2CF-5-SF09, Rev. 0, "Void Ratio and Compression Index."

Calc. No. X2CF-5-5F11, Rev. 0, "Stresses and Settlements Under
Various Structures."

Calc. No. X2CF-S5-SF17, Rev. 0, "Liquefaction Analysis - Induced
Shear Stress by Earthquake and Liquefaction Potential in Compacted
Fila."

Calc. No. XZCF-$-007, Rev. 0, "Lateral Pressure on Auxiliary
Building North Wall."

Calc. No. X2CF-8-017, Rev. 0, "Static Modulus of Elasticity of
Marl from Soils Data."

Calc. No. X2CF-5-024, Rev. 0, "Static Young's Modulus cf Compacted
Sand, Silty Sand."”

Calc. No. X2CF-S-025, Rev. 0, "Strength Parameters of Compacted
Sand, Silty Sand."

Calc. No. X2CF-8-032, Rev. 1, "Dynamic Soil Properties."

Calc. No. X2CF-S8-033, Rev. 0, "FLUSH Model for Liquefaction
Study."

Calc. No. X2CF-5-036, Rev. 0, "Liquefaction Analysis 95% Compac-
tion - Final Soil Properties."

Calc. No. X2CF-5-037, Rev. 0, "Earthquake Induced Settlement."
Calc. No. X2CF-5-087, Rev. 0, "Settlement of Condensate Storage
Tanks, Auxiliary Feedwater Pumphouse/RWST, RMWST, and Pipe

Tunnels."

Calc. No. X2CF-$-097, Rev. 0, "Computer Printouts for Geotech
Calcs (Soils)."

Calc. No. X2CF-8-101, Rev. 0, "Differential Settlement (Contain-
ment and Fuel Building)."

Calc. No. X2CF-S5-103, Rev. 0, "Backup Calcs for Revised Table
2.5.4-12 of FSAR (Bearing Capacity Analysis)."

Calc. No. X2CF-S-105, Rev. 0, "Review of Measured Settlement."
Calc. No. X2CF-S-106, Rev. 0, "Settlement Analysis."

Calc. No. X2CF-8-107, Rev. 0, "Analysis of Dewatering Data.”
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32.

33.

34.

- L

36.

38.

39.

&40 .

Calc. No. pending, "Settlement Review, " Civil/Structural
Calculation.

Drawing AX2D55V001, Rev. 10, "Settlenent Observation [larkers,
Location and Detail."

Drawings AX2D55V002 through AX2D55V0€3, Settlement Records and
Graphs.

Deviation Reports:

CD-49 CD-1413 CD-4320
£D-228 CD-1476 CD-4339
CD-257 CD-1913 Ch-4847
CD-331 CD-2320 CD-4913
CD-348 CD-2336 CD-5476
€D-353 CD-2552 CD-5514
CD-459 CD-2674 CD-5636
CD-530 Ch-2741 CD-5793
CD-604 CD-2847 CD~5940
CD-639 CD-2965 CD-6241
CD-780 CD-3125 CD-6255
CD-947 CD~-3756 CD-6484
CD-1102 CD-3968 CD-€788
€D-1230 CD-3998 €D-7519
CD-1301 CD-4186

Seed, H. B. and Idriss 1. M., A Simplified Procedure for
Evaluation of Soil Liquefaction Potential. Journal of Soil
Mechanics and Foundation Division, ASCE, Vol. 97, No. SM9, 1971.

Seed, H. B., Arango, 1. and Chan, C. K., Evaluation of BSoil
Ligquefacticn Effects During Earthquakes. Report No. EERC 75-28,
Collegze of Engineering, University of California, Berkeley, 1975.

Seed, H. B. and Idriss, [. M. Soil Moduli and Damping Factors for
Dynamic Response Analyses. Report No. EERC 70-10, University of
California, Berkeley, December 1970.

Shannon & Wilson, Inc. and Agbabian - Jacobsen Associates, Soil
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. 8.0 PROGRAM ASSESSMENT/CONCLUSIONS

8.1 SUMMARY OF OPEN CORRECTIVE ACTION

. 8.1.1 SECTION 6.1 ENGINEERING

Corrective actions committed to by Project Engineering have been
completed as of November 14, 1985.

There are no open items.

8.1.2 SECTION 6.2 CONSTRUCTION
o Finding 13A-1
Action: FSAR change notice number 239 initiated on
August 20, 1985, needs to be incorporated into the
FSAR.

Responsible Organization: Project Licensing

Completion Date: December 16, 1985

. o Finding 13A-2

Action: FSAR change notice number 240 initiated on
August 20, 1985, needs to be incorporated into FSAR.

Respongible Organization: Project Licensing

Completion Date: December 16, 1985
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8.2 QA STATEMENT

The process for the development of this module was monitored by
the Readiness Review Quality Assurance (QF) staff for gene:al
adequacy.

The primary focus of the monitoring effort was the
identification, documentation, analysis, and resolution of
Readiness Review Findings. The finding reports issued by the
Readiness Review Team and their responses were reviewed, both
individually and collectively, for root czuses and generic
issues; i.e., trends. Based upon review cif "he responses and
commitments to individual finding reports -nd generic concerns,
the resolutions were determined to be adecguate. All findings
were initially distributed to project QA for review for
reportability [10 CFR 21, 10 CFR 50.55(e))] in accordance with
existing QA procedures. In addition, findings were screened by
Readiness Review to determine whether any required additional
evaluation by the project for reportability. None were
identified.

Other monitoring activities consisted of reviewing personnel
qualification and training records for the team members,
reviewing the verification plan, and reviewing completed
checklists to assure adequate identification of findings.
Additionally, an independent reverification was performed on a
sampling basis under Readiness Review QA overview to determine
the adequacy of the Commitment/Implementation Matrixes and the
Design/Construction verification efforts.

Based upon these monitoring efforts, this module and the
Readiness Review Team conclusions are judged to be acceptable.

ﬁzf;gﬁg?ﬂ>’ //<SLQES;CT js‘
ohn H. Drag George C. Bell

Readiness Review Team Readiness Review Team
Quality Assurance Representative Quality Assurance Representative
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TECHNICAL CONSULTANT'S CERTIFICATION

On the basis of review of this Module 13A Report of Foundations and
Backfill, and appropriate project documents such as construction
specifications, engineering reports, design criteria and selected
drawings, 1 certify that to the best of my belief and knowledge the
information and conclusions contained herein are factually and tech-
nically correct. Under the program described . Section 4 of this
report and on the basis of corrective action dec.ribed ia Sections
6 and 7, the commitments of the Vogtle Electric Generating Plant
Final Safety Analysis Report are being implemen.ed. The analysis,
design and construction programs that relate to foundation materials
and backfill have produced a final product that meets design require-
ments and licensing commitments.

’

U e

William O. ﬁg?lin, PE



Foundation Materials and Backfill - Module 13A

Readiness Review Board Acceptance

The Readiness Review Board has been apprised of rh~ scope and content of
Module 13A, Foundation Materials and Backfill.

The Board has reviewed the program verification as well as corrective
actions, both proposed and implemented, by tre Vogtle Project. Based

upon this review and based upon the collective experience and professional
judgment of the members, the Readiness Review Board is of the opinion that
the corrective actions are acceptable, and that the Foundation Materials

and Backfill Program at Plant Vogtle 1s sound and complies with commitments
set forth in the FSAR and acceptable practices.

APPROVED: _4_*_-
Doug Dutton

Chairman, Readiness Review Board
Vogtle Electric Generating Plant




Georgia Power Company
Project Management

Post Office Box 282
Waynesboro, Georgia 3083C
Telephone 404 724 8114

404 554.9961
Southern Company Services. Inc
Post Office Box 262¢

Birmingham, Alabama 3520% v t' ro 'm
7£:¢p‘)h‘,np 205 R70-6011 ” a ro’

Date: November 19, 1985

Re: Plant Vogtle - Units 1 & 2
Readiness Review Module 13A
File: X7BD102
Log:  $5-5402

From: 0. Batum

To: W. C. Ramsey

Engineering has reviewed Module 13A, Foundations and Backfill, for
general accuracy and completeness. To the best of our knowledge and
belief, the module is a complete and accurate representation of the
Foundations and Backfill, and the engineering process and commitments
related thereto.

sain |

/ 7
2. Lot

Ozen’Batum

General Manager, Project
Engineering - Vogtle

xc: Project File



(zeorgia Power Company
Project Management

Houte 2, Box 299A
Waynesboro, Georgia 30830
Telephone 404 724-8114

‘ 404 554-0961 a

Vogtle Project

DATE: August 21, 1985
. RE: Plant Vogtle - Units 1 & 2
Readiness Review Module 13A
FROM: M. H. Googe
TO: W. C. Ramsey

Nuclear Construction has reviewed Module 13A excluding the

referenced appendices. To the best of our knowledge and belief,

the module is a complete and accurate representation of the

Foundation Preparation and Backfill Installation Program and
‘ commitments related thereto.

/M
AN M’
M. H .’ ’G ooge 4 ..

Project Cor'/st"zuction Manager 11
Vogtle Nuclear Construction Department
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8.6 RESUMES

The resumes which follow present a brief professional listing of
those people instrumental to the development of Module 13A

JOSEPH V. DAWSEY, Senior Design Engineer, Team Member

Mr. Dawsey began his employment with Georgia Power Company in
1982.

His 13 years of engineering experience have 'nvolved structural
seismic design, analysis, and evaluations; material handling
system design; feasibility and developmentil studies for
offshore facilities; and various hydro, fossil and nuclear
generating plant assignments.

Mr. Dawsey has over 7 years of nuclear experience.
Education:

Mississippl State University
B.S., Civil Engineering

P.E., State of Louisiana

HRAMON F. DINSDALE, Senior Field Engineer, Team Member

Mr. Dinsdale has been employed by Bechtel Power Corporation
since 1969,

Eight of his 16 years of generating plant construction
experience were in the nuclear field. He has held the positions
of field engineer, area engineer, lead civil engineer and
scheduler. Mr. Dinsdale has extensive computer assisted
engineering experience.

Education:

Utah State University
B.S5., Civil Engineering
M.S5.. Civil Engineering

W. RODGER DUNCAN, Construction Engineer, Team Member

Mr. Duncan began his employment with Georgia Power Company in
1979.

Mr. Duncan has held positions in civil and mechanical
engineering departments in the fields of soils, steel and
concrete structures, and HVAC.



Education:

Georgia Institute of Technology
Bachelor of Civil Engineering

JOEL GALT, Senior Design Engineer, Team Member

Mr. Galt has worked for Georgia Power Company since 1979. He
has had nuclear experience since 1980 when he was assigned to
the Edwin 1. Hatch Nuclear Plant, Unit 2 Modification Outage

Support Team. He has performed duties ranging from concrete

design to geotechnical investigations.

Education:

Georgia Institute of Technology
lachelor of Civil Engineering
M.S., Civil Engineering

P.E., State of Georgia

BILL LUNDEEN, Engineering Geologist, Team Member

Mr. Lundeen began his career with Bechtel Power Corporation in
1978.

Mr. Lundeen has 31 years experience in field and office studies

in engineering geology and mining geology with the last 20 years
specializing in major engineering structures such as fossil fuel
and nuclear power plants, dams, and reservoirs.

Education:

University of California, Los Angeles
B.A., Geology

ROBERT W. McMANUS, Assistant Project Construction Manager,
Construction Discipline Manager

Mr. McManus has been with Georgia Power Company for over 11
years, 5 of them on direct assignment at the Vogtle Electric
Generating Plant. He was most recently responsible for the
quality acceptance of Civil, Electrical, and Mechanical portions
of VEGP. Responsibilities other than management of personnel
included reviewing Field Change Notices to design drawings for
acceptance, contact with Engineering Quality Assurance on
acceptability of the site gquality program, construction contact
for the Nuclear Regulatory Commission for their quality audits,
and performing departmental audits of site construction
activities for design compliance.



Education:

Southern Technical Institute
B.S., Civil Engineering Technology

JOE E. SEAGRAVES, Quality Control Section Supervisor, Team Leader

Mr. Seagraves began employment with Georgia Power Company as a
co-op student in 1969. Since receiving his degree, he has held
the positions of civil and mechanical shif* engineer,
instrumentation section supervisor, and mecl .nical surveillance
section supervisor.

All of Mr. Seagraves' 12 years of experience with Georgia Power
Company has been nuclear related.

Education:

Tennessee Technological University
B.S., Civil Engineering

M. R. THAKAR, Project Engineer, Team Leader

Mr. Thakar has been employed by Bechtel Power Corporation since
1965.

He has over 15 years of nuclear power construction experience
and has held supervisory and engineering management positions at
San Ononfre Nuclear Generating Station, Vogtle Electric

Generating Plant, Palo Verde Nuclear Generating Station, and the
South Texas Nuclear Project.

Other engineering experience involves fossil fuel electric
generating plants and various industrial construction projects.

Education:

Sardar Vallabhbhai University (Gujarat State, India)
B.S., Civil Engineering

University of lowa
M.S., Civil Engineering

Pepperdine University, Los Angeles, California
Master of Business Administration

State of California

P.E.;
P.E., State of Georgia



WILLIAM M. WRIGHT, Mechanical Project Engineer, Design
Discipline Manager

Mr. Wright has over 12 years of nuclear power plant experience
in mechanical design. He was most recently responsible for
managing a group of engineers and pipe designers involved in BOP
system design and pipe/pipe support design activities for the
Vogtle Electric Generating Plant. He was algo involved in
several design control evaluations conducted on the Vogtle
project which involved technical audit/INPO type reviews of
Bechtel, Georgia Power, and Westinghouse organizations. Mr.
Wright was also an engineering ¢roup leader for BOP system
design activities on plant Vogtle; a design engineer for
developing in-service inspection plans (per ASME XI) on the
Farley Nuclear Power Plant; and a design engineer on the Barton
Nuclear Power Plant where he developed P&IDs, developed system
calculations, developed hazards analyses for NSSS and ceafety
related systems, and participated in writing the Barton PSAR.

Education:

University of Alabama

B.S., Mechanical Engineering
M.S., Mechanical Engineering

P.E., State of Alabama
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