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MEMORANDUM FOR: Martin G. Malsch
Deputy General Counsel 04

SEP 10 ptt.g
FROM: Guy H. Cunningham, III

Executive Legal Director

SUBJECT: GUNNAR HARSTEAD -- WATERFORD

Enclosed are affidavits prepared by Michael S. Callahan, Kellogg V. Morton,
Morris Reich, Frank Rinaldi, and Robert E. Shewmaker, in response to your
memorandum of August 9,1984, requesting responses to five questions
concerning the above matter.

The other offices which were asked to furnish responses to your memorandum
have not provided information beyond that which is covered by the enclosed
affidavits.

m f! ,' A
Guy H. Cunningham, III
Executive Legal Director

Enclosures: As stated -

cc: Waterford Service List
Gunnar Harstead

8409110271 840904
PDR ADOCK 05000382
g PDR
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STATE OF MARYLAND

GFF;r= . , . .
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Z

i -AFFIDAVIT OF MICHAEL S. CALLAHAN

:

I, Michael S. Callahan, being duly sworn, do depose and state:

1. Since December 1982, I have been employed as Chief Staffing

Section, Staffing and Position Evaluation Branch, Division of

Organization and Personnel, Office of Administration, U.S. Nuclear

Regulatory Connission. As part of my official duties I am responsible

for maintenance and safe-keeping of official personnel records for NRC

. employees, incuding special Government employees.

I- 2. At the request of the Director of the Division of Organization

and. Personnel, I undertook a review of NRC personnel files in order to

,
, ascertain the employment status of Dr. Gunnar Harstead. My review dis-

!

closed that Dr. Harstead was engaged by the NRC as a special Government>

employee (expert) under an appointment comencing on February 15, 1980
,

'

(No.AT-(49-24)-1353); this appointment expired on June 30, 1984.

3. Dr. Harstead's personnel records do not indicate the particular

matters on which he has worked;'that type of information is not maintained

(- by y office, but is nonnally available in the offices of the technical

I
!

L
L
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staff with whom an individual has worked, such as the Office of Inspection

and Enforcement or the Office of Nuclear Reactor Regulation. However,

NRC payroll records indicate that Dr. Harstead submitted vouchers for

payment for work he performed as a special Government employee during

calendar years 1980-1984 as follows:

CY 1980 (commencing in June 1980) 52 days
'

CY 1981 90 days

CY 1982 85 days

CY 1983 0 days

CY 1984 (last voucher, April 10,1984) 9 days

:

i

{

I

)'
Michael S. Callahan

Subscribed and sworn to before me
' this 4th day of September, 1984.

qMd/4ch&
Notary Public

My comission expires: 7///76

.
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AFFIDAVIT OF KELLOGG V. MORTON

I, Kellogg V. Morton, being duly sworn, do depose and state:

1. I am employed as Chief, Technical Contracts Branch, Division-

of Contracts, Office ot Administration, U.S. Nuclear Regulatory Commis-

sion. As part of my official duties, I am responsible for supervising

the performance of the total contracting function, including selection,

| negotiation, administration and close-out activities, in support of

technical assistance and confirmatory research needs of NRC Offices and

Divisions.

2. A review of NRC contract files (not including personnel files)

( has been conducted under my direction, in order to ascertain whether the
|-

NRC has contracted for the services ot either Harstead Engineering Associ-
(

ates Inc. (HEA) or Dr. Gunnar Harstead, lhis review has disclosed that
,

no contracts (as distinct from personal service or consultant agreements)

| have been issued by the NRC directly to either HEA or Dr. Harstead.

3. The contract file review referred to above has further disclosed;

that HEA serves or has served as a subcontractor to other entities with

whom the NRC has or has had a contractual relationship. To the best of my

j knowledge, these instances are as follows:
|

|
,
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Contractor / Days Worked /
NRC Contract No. Facility Calender Year Approximate Cost

Parameter, Inc. Byron 115 (CY 1983) $80,100
NRC-05-82-249

Comanche Peak 2 (CY 1983) 900

WESTEC Services, Inc.. Byron 5 (CY 1984) 3,900
NRC-05-84-151

Diablo Canyon 11 (CY 1984) 7,800

Perry 76 (CY 1984) 51,900

River Bend 203 (CY 1984) 131,200

4. Except as described above, I have no record or knowledge of any

e other matters in which the NRC utilized the services of HEA or Dr. Harstead.

,

(

. .

i KelloggfV. Morton '

t

.

Subscribed and sworn to before me
this 4th day of September, 1984

WR $WW
Notary Public

My Comission expires: Slt Q l b b bi

U '

t
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AFFIDAVIT OF HORRIS REJCH '84 SEP 10 P12:16

uus: --
CCCX A hc . 7.'

I, Morris. Reich, being duly sworn, do depose and state: 93/uW' .

2. I am employed as Need of the Structural Analysis Division,
Department of Nuclear Energy, Brookhaven National Laboratory (8NL). As

,

I part of w official duties, I headed a team of BNL technical consultants
to the Structural and Geotechnical Engineering Branch, Division of Engl-:

i

neering, Office of Nuclear Regulatory Regulation, U.S. Nuclear Regulatory

|
Commission, concerning the foundation base mat at Waterford Unit 3.

|
2. At the request of the Office of the Executive Legal Director, I

l prepared a summary of all contacts between BNL and Harstead Engineering
*

Associates. Inc. (HEA) personnel concerning the Waterford Facility; this-

summary is set forth in a letter frcm me to Sherwin Turk, Esq. dated
,

Auspst 31, 1984, a copy of Witch is attached to this affidavit as

! Attachment 1.
1

! 3. To the best of g knowledge and belief, the summary set forth in
Attachment 1 hereto provides a true and correct description of all

! contacts betwen BNL and HEA personnel concerning the Waterford Facility.

: ..j.

| |'! / '

. ,

i y' , .- . .; L

i -Morris Helch
!~

Subscribed and sworn to before me *'
this 4th day of September,1984.

h.,. < .: )n .Q.' . .' . i. . ,
: .

* 'Nota ry Puolic /'j ,

.. . , * I.'.-
' /' i:

'

tiy ccmmission expires: -

|
/ /

. Dona W.a4LIAGNER t

IWIARY Biell State e O M Yart
| No. am83 $vNett County ' ..
| Termtysses arcti 30,13._,,,,
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ATTACHMENT 1 T0 i'.~

AFFIDAVIT OF MORRIS REICHt, , ,
e ..
*

! j !.:. BROOKHAVEN NATIONAL LABORATORY (.. .

- [ ] [ .| . ,| ASSOCIAlED UNIVERSITIES, INC.
. .... .

Department of Nuclear Energy Upfon, Long fWopct,New York 11973 '

Buil ding 129*
o'

(516)282s 2448 -

*

Fis 6 w

.

August 31, 1984,
'

Mr. Sherwin Turk
Room No. 9604
Maryland National Bank Building
U.S. Nuclear Regulatory Consission
7735 Old Georgetown Road
Bethesda, ND 20814

Dear Mr. Turk:

With reference to the menorandum from Hartin G. Malsch to Guy H. -

Cunninghan III, dated August 9,1984, subject: Gunnar Harstead . Waterford,
please be advised of the following:

All contacts betwen BNL and Marstead Engineering Associates (HEA)
personnel were concerned with the following HEA reports and the associated '

finite elemnt computer output;

" Analysis of Cracks and Water Seepage in Foundation Nat", Report 8304-1, 3
Septenber 19, 1983.
" Analysis of Cracks and Water Seepage in Foundation Mat", Report 8304-2,
October 12, 1983.
Stardyne Computer Output for Waterford Basemet, run-date, October 4,

; 1983.

Specific dates, locations of meetings, personnel present, are listed in
the table below.

|
; Meeting ) cation Date Person,el Present

Bethesda, MD Nerch 26, 1984 NRC, BNL (M. Reich, S.
Shanna, P.C. Wang). HEA
(G. A. Harstead, A.V. du
Bouchet,A.I.Unsal),

| EBASCO, LPL
|

; Waterford Site March 27,1984 "

EBAS CO Inc. , N.Y.C. Aprl) 4, 1984 NHC, BNL (M. Reich, S.
| Shanna, P.C. Wang, C.
: Miller, C. Costantino),
l HEA (A.V. du Bouchet,

A.J. Unsal), EUASCO
,

. m ,,,.
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M. Reich -2- August 31, 1984

Meeting location _Date Personnel Present -

;
..

ESASCO Inc., N.Y.C. July 2,1984 BNL (M. Reich, S. Sharma
C. Miller, C. Costantino|,
HEA (A.V. du Bouchet, A.I.
Unsel), E8ASCO

In addition to the peettnys, approximately'6 phone conversations wre
helo with either A.V. du Bouchet and A.I. Unsal of HEA during the period
April-June, to clarify the format and various aspects of the conputer outputs.

If there is any other information that I can provide to clarify the
above, please do not hesitate to contact me.

i n
Siq,:ertily yours,/f

I $ r's .

No i h ,'N b
'

St'ructu'ral Analysis Division
'

t
1)

MR/d v \
,

.

.
.

O
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COUNTY OF MONTGOMERY )
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STATE'0F MARYLAND )
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AFFIDAVIT OF FRANK RINALDI iS'. E: ' , '- -
I, Frank Rinaldi, being duly sworn, do depose and state:

1. I am employed as a Structural Engineer in the Structural and'

.Geotechnical Engineering Branch, Division of Engineering, Office of,

Nuclear Reactor Regulation, U.S. Nuclear Regulatory Commission.

2. At the request of the Director of the Division of Engineerir.g

(DE), I prepared a response on behalf of DE to the questions raised by

0GC concerning Dr. Gunnar Harstead. This response is attached as an
,

Enclosure to a Memorandum from Richard H. Vollmer to Guy Cunningham, III,

dated August 29, 1984, a copy of which Memorandum is attached hereto as

Attachment 1.
L

3. In three respects, the Enclosure to Attachment I hereto should

be revised. First, in response to Question 1, the date of July 1979

reflects a period in which NRR had communications with Dr. Harstead

concerning his' potential employment with the NRC; NRR Contract No.

AT-(49-24)-1353 actually commenced at a later date. Second, in response;

t

;. to Question 5 the work performed by Dr..Harstead on the Midland project
I

was performed in part as a special Government employee (NRC) and in part

as a consultant or special Government employee of the Naval Surface

! Weapons Center; at this time, I do not have readily available to me a

breakdown of how these services were provided. Third, it should be

|
|
1

-. _. _ _ - - . , , - - _ _ . _ . - , , . . - _ _ - - . . _ , . . . . ~ _ . . _ ~ . - . - . . - - - - - - - . - . - . . - - - - - - - - - - - - - -.



_

__

.-

-2-,_

noted that the number of days worked by Dr. Harstead, as rcflected in

the Enclosure to Attachment I hereto, is an approximation.

4. Except as indicated above, to-the best of my knowledge and

belief the information set forth in the Enclosure to Attachment I hereto

provides a true and correct response to the questions raised by OGC.

,$ g =K - k J

ffank Rinaldi

Subscribed and sworn to before me
this 4th day of September,1984.

bW
Notary Public '

' My comission expires: 7 /M
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%, UNITED STATES - AFFIDAVIT OF FRANK RINALDI
! NUCLEAR REGULATORY COMMISSIONo
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MEMORANDUM FOR: GuyCunningh[JII N ''
Executivegegar Director '"

FROM: Richard H. Vollmer, Directdr
Division of Engineering
Office of Nuclear Reactor Regulation

SUBJECT: GUNNAR HARSTEAD - WATERFORD

Your memo dated August 15, 1984, on the above subject presented a

request for answers to five questions set forth in M. G. Malsh's memo of

August 9, 1984. The enclosure provides the answers to the five

questions by the Office of the General Counsel. The enclosure has been
.

prepared by Frank Rinaldi, SGEB. .

f) l!

[
Richard .V 1mer,Dir|actor
Di' vision of ngineering
Office of Nuclear Reactor Regulation
\lEaclosure: V

As stated

cc: J. Scinto
J. Knight
G. Lear
P. Kuo '

J. Ma
J. Chen
F. Rinaldi

|

|

i

)
_ _ _ _ _____a_
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ENCLOSURE

ANSWERS TO QUESTIONS RELATED TO G. HARSTEAD SERVICES

Prepared by F. Rinaldi, SGEB-DE

Q.1' For what time period did the NRC employ or contract for the

services of Harstead on matters relating to the Waterford facility?

A.1 Dr. Harstead was retained by NRC Structural Engineering Branch

under NRR Contract AT-(49-24)-1353 on July _1979, to provide

consulting services in the field of structural engineering. The

contract was renewed up to June 30, 1984, at which time the

contract expired.

Dr. Harstead's involvement on matters related to the Waterford

facility, as staff consultant, was limited to the period of March

through May 1981.

Dr. Harstead has worked as a subcontractor on tasks sponsored by

NRCOfficeofInspectionandEnforcement(I&E)onvariousnuclear

power plants, but not on the Waterford facility.i

Q.2 Please describe the work Dr. Harstead has performed for the NRC

staff regarding Waterford?

A.2 Dr. Harstead served on an audit team that audited the structural

engineering design of Category I structures for the Waterford

facility at the offices of Ebasco Services Inc. Dr. Harstead's
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involvement commenced during March 1981 and ended in May 1981 after

the issuance of the Safety Evaluation Report (SER) from the

Division of Engineering to the Division of Licensing. The audit

took place during the week cf April 6, 1981.
,t

Dr. Harstead became familiar with the scope of the structural

audits performed by the Structural Engineering Branch and the

applicable sections of the Final Safety Analysis Report on the

Waterford facility. Dr. Harstcad participated in this audit as

technical expert for the NRC staff. Dr. Harstead participated in
'

raising various issues requiring . technical clarification, as

documented in the minutes of the audit, and in the evaluation of

,

additional material provided by Ebasco Services Inc. to answer

staff concerns. No other work on Waterford has been performed by

Dr. Harstead for the staff following the issuance of the SER in May

1981.

Q.3 What is the relati.onship between the work he performed for the

|- staff and the Waterford licensing proceedings?
i i

A.3 During the audit the staff checked, as per staff guidelines, the

design of all Category I structures for adequacy and general

agreement with the design requirement identified in the Waterford

( FSAR and with the staff requirements identified in the applicable

! sections of the NRC Standard Review Plan. The recent proceedings

have focused on the\ reinforced concrete basemat for the Category I

!

- - . , - - - _ ~ . . - . .- . -, - , - - - - , , . .- ,.,-- .. - ..,_--, -.-_- -.--
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structures. The recent concern specifically is the effect of the
Ipossible through-cracks of the basemat. The April 1981 audit -

evaluated the design of the basemat but did not consider the cracks )
discussed during the recent proceedings. The structural staff was

not aware of any cracks at the time they conducted the audit, l

Q.4 What, if any, oral or written communications on behalf of Louisiana

Power & Light Company (LP&L) or any other private entity has Mr.

Herstead made to the hRC staff, the Licensing Board, or the Appeal

Board regarding the Waterford facility. Please describe any such

communications in detail and provide pertinent documents. Describe

meetings, if any, with the NRC staff that Mr. Harstead attended as

a representative of LP&L or HEA.

A.4 Dr. Harstead made one oral presentation to the NRC staff on behalf

of LP&L on March 26, 1984, related to the basemat integrity for the

Waterford facility. Dr. Harstead provided the following three

reports addressing the Waterford basemat:

(1) Harstead Engineering Associates Report 8304-1, September 19,

1983

o Evaluated effects of cracks on basemat integrity

o Mapped basemat cracks

(Cracks were so small as to be undetectable by standard

inspectiontechniques)
!

l
-. - --...--- -. - . . , _
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o Reviewed significant events during construction

Stop Work Order No. 1 ,o ;
,

o ' Placement difficulties - Placements 10B & 19
,

e

o Re' viewed settlement plan and data >-

Evaluatedcorposionpotential'o

o Evaluated steel co,ntainment vessel stability
5,,

*

o .Pe' formed a general review of basemat engineering designr

'and construction.
s.

(2) Harstead Engineering Associates Report 8304-2, October 10,

1983

o Performed an independent structural analysis of the
,\

basemat.

,

(3); Harstead Engineering Associates Report 8304-3, January 9,1984

o Review of construction documentation to evaluate whether,

design cbjectives were met.
b,

Q.5 How'raany days per calendar year has Dr. Harstead worked for the NRC

oon Waterford and other matters for each year from 1981 to 1984?

Was he hired as a special government employee or as a contractor?

,

* .

'

f
N._.,j'_ T
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Dr. Harstead has worked on the following tasks:

EstimatedPlant Purpose Period Days

D. C. Cook- Evaluation of Ultimate April 1980 30
Capacity of the to
Containment May 1981

Watetford Audit of Category I March 1981 10
Structures to

May 1981

Midland Audit of Category I April 1981 100
Structures / Evaluation to
of Underpinning / June 1984
Evaluation of DGB

Comanche Peak Audit of Category I May 1981 10
Structures

Dresden Effects of Fuel Racks Sept. 1981 90
during seismic events to

July 1982

Byron 1 Subcontractor to May 1983 Unknown
Parameter to present

| Seabrook Subcontractor to EG&E Sept. 1983 Unknown
to present

'

River Bend Subcontractor to March 1984 Unknown
West Tech to present

,

| Perry Subcontractor to July 1984 Unknown
-

West Tech to present

The Midland project is the only one that has required extended
,

involvement by Dr. Harstead. The reported 100 days can be

subdivided as follows:

|
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Fiscal Year Estimated Days

'19h1 25
1982- 35'
1983 25
1984 15

Dr. Harstead was hired on a special- government employee status for

work performed for NRR and as a subcontractor for work performed

for I&E.

y

;..

'
. ~ .

.

p
|~
,

|.
,

!
'

l-

!-

|

L
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AFFIDAVIT OF ROBERT E. SHEWMAKER

I, Robert E. Shewmaker, being duly sworn, do depose and state:

1. I am employed as a Senior Civil-Structural Engineer in the
|

Engineering and Generic Communications Branch of the Office of

Inspection and Enforcement (IE), U.S. Nuclear Regulatory Comission.

2. As part of my official duties, I served as a member of the IE

! Waterford Inquiry Team in June-July 1983, following the May 1983

( discovery of cracks in the Waterford foundation base mat. I also served
>

<

(. as a member of the special Task Force which was organized to review

|- allegations concerning the Waterford facility (including allegations

; related to the foundation base mat), in April-May 1984, and thereafter

was involved in preparing written evaluations and sumaries of the Task

Force findings.

~3. .At the request of the Director of the Division of Emergency
!-
| Preparedness and Engineering Response, IE, I prepared a response to the

questions raised by OGC concerning Mr. Gunnar Harstead, which response

is attached as Enclosure 1 to a memorandum from Edward L. Jordan to

Guy H. Cunningham, III, dated August 31, 1984; in addition, I prepared

1

_ . _ _ . _ _ . _ . _ - _ _ _ . . _ . _. ___._-.___. ___--_---_ _ _ -
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a Chronology of Events Related to Gunnar Harstead and Waterford and"

Other Projects," which is attached as Enclosure 2 to the above mentioned

Memor1ndum. A copy of that Memorandum, together with Enclosures 1 and 2

and related attachments, is attached to this Affidavit as Attachment 1.

4. To the best of my knowledge and belief, the information set

forth in Enclosures 1 and 2 to Attachment I hereto is true and correct.

4

. f a
Robert E. Shewmiker

Subscribed and sworn to before ne
this 4th day of September, 1984.

Y $- ['

Notary 'ublic
|

My comission expires: %l

|.
|
!-

|
:

;

I

l

!

I
i-
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'- .= - ATTACFMENT 1 to
#" ""%'o,' AFFIDAVIT OF ROBERT SHEWMAKER#e

UNITED $TATES7 NUCLEAR REGULATORY COMMISSIONn n

i

**,+. . . . . ,o'j
wasHWGToN, D. C. 20556

;

AUG31EE4

Docket No. 50-382

MEMORANDUM FOR: Guy H. Cunningham, III, Director
Office of the Executive Legal Director

FROM: Edward L. Jordan, Director
Division of Emergency Preparedness

and Engineering Response
Office of Inspection and Enforcement

SUBJECT: GUNNAR HARSTEAD-WATERFORD

This is in response to your memorandum dated August 15, 1984 relative to the,

above. subject. Dennis Allison sent you a note earlier indicating.our full
. reply would not be available until August 31, 1984 after Bob Shewmaker returned
from annual leave. We have now assembled the facts in order to resporc~ to

'
'your request.

,

: Enclosure 1 provides responses.for IE to the-five (5) questions set forth:
'by OGC on the issue. Attachment A is'provided to Enclosure 1 to supplement
the information and provide a sample of the conflict of interest considerations,

!- made for contractors on Integrated Design Inspections.

Enclosure 2 and its attachments (A thru H) provide a commentary prepared by,

'

Bob Shewmaker which provides more detail on the technical interaction between
the staff and Mr. Harstead during his involvement as a consultant to IE.

L; It was during this time that Mr. Harstead and his company, HEA, were working
for Louisiana Power and Light Company on the Waterford 3 facility basemat
issue.

If we can be of further help in the preparation of necessary information
|or affidavits, please contact Bob Shewmaker (x-27432).

. _ > -

I

rd L. Jorda , Director
Division of Ene gency Preparedness

and. Engineering Response
Office of Inspection and Enforcement

j Enclosures:
j 1. Response to OGC Questions

w/ Attachment A
2. Chronology of Events

| w/ Attachments A thru H

cc: see page 2
L

L
:

- , , . . . - . . . - . - - - . . ~ . . . . . - . - , - - - . - - . - , - . - . - . . . - - _ - _ ,
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Guy H. Cunningham, III -2- AUG 311984
4

cc: w/ enclosures
R. DeYoung, IE
R. Ve11mer, NRR
D. Eisenhut, NRR
J. Collins, RIVt

S. Schwartz, IE
J. Grace, IE
E.' Halman, ADM
L. Shao, RES
S. Turk, ELD
J. Knight, NRR
G. Lear, NRR
T. Ankrum, IE
R. Baer, IE
A. Dromerick, IE
J. Milhoan, IE
M. Peranich, IE
R. Shewmaker, IE

.

_ . - - . _ .-...-_ ..,,,_.- . -. _-. _ _ - - . . _ . . . . _ _ . _ . . _ _ _ _ . . _ _ . _, , _ - . _.
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. Enclosure 1

- RESPONSE TO OGC QUESTIONS
OF AUGUST 9, 1984

r

1. IE did not employ or contract for the services of Mr. Harstead on any
! matters related to the Waterford 3 facility. '

2. - Mr. Harstead performed no work for IE on the Waterford 3 facility.
|

| 3. ~ Same as (2).

. 4. IE has not received any oral or written communications from Mr. Harstead
- on behalf of Louisiana Power and Light Company or any other private entity
regarding the Waterford 3 facility except as submitted by Louisiana Power

- and Light Company on the 50-382 docket. Other written material the IE staff
had in its possession consisted of notes prepared by Mr. Harstead in
1981 while working as a consultant to the NRC-NRR (Refer to details in

~

Enclosure 2). To the best of our knowledge, the only member of the
i IE staff who attended any meetings in which Mr. Harstead participated

as a representative of HEA or LP_and L relative to the Waterford 3 facility
is Mr. Mark Peranich. There were two such meetings which Mr. Peranich
attended for a portion of the meeting. The first was held by NER in the
Maryland National Bank Building on October 26, 1983 to discuss a series
of 10 preliminary staff questions dated October 17, 1983 which had been
sent to the licensee. The second meeting was held by NRR in the Landow
Building on March 26, 1984 and addressed a series of 32 staff questions

, relative to the Waterford 3 basemat.
!

! 5. Mr. Harstead has not worked for IE on the Waterford 3 facility.
|
| Mr. Harstead has worked for IE on other matters, specifically in the

. area of the Integrated Design Inspection program effort as listed below:

Byron IDI- - Period of 4/25/83-10/1/83. Intermittent for a total
of 51 man days and then 2 man days on 7/30 and 7/31/84 for open

,
items resolution.

!-

L Seabrook IDI - Period of 10/19/83 - 2/18/84. Intermittent for
L a total of 66-1/2 man days. Of this 66-1/2 man days approximately'

49 man days were for 1983 and the remaining approximately 17-1/2
man days were in 1984.

i River Bend IDI - Period of 3/23/84-7/31/84. Intermittent for a'

total of 55-1/2 man days.
'

Perry IDI (currently underway) - Period prior to 7/31/84 a total
of 1 man day. August 1984 hours have not as yet been reported but
Mr. Harstead's work has been nearly full time during August 1984.

'
,

'
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Mr. Harstead's services were obtained in all cases as a consultant through
a contractor in the following methods:

Byron IDI - As a consultant / subcontractor for Parameter, Inc. under
NRC Contract No. NRC-05-82-249 with Parameter.

Seabrook IDI - As a consultant / subcontractor for EG&G Idaho, Inc. , a
operators of the National Laboratory in Idaho for the Department
of Energy under an NRC work order (FIN A6178).

River Bend IDI- As a consultant / subcontractor to WESTEC Services, '

Inc. which is providing consulting services under NRC Contract No.
NRC-05-84-151.

Perry IDI - Same as River Bend IDI.

In addition, Attachment A to this enclosure (Enclosure 1) provides an example
of the criteria used in screening IDI consultants from the standpoint of
conflicts of interest. The statement from HEA, Mr. Harstead, for the Byron
station is also provided as a sample.

. _ . __ __ . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ ._ ._._ _
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Consulting Engineers Mechanical Design and Analysis*

13380 WATERTOWN PLANK ROAD, ELM GROVE, WISCONSIN 53122 414-766-7580

*

July 28, 1983

Mr. Wolfgang Laudan, Project Officer
Engineering & Generic Communications Branch
Office of Inspection & Enforcement
U.S. Nuclear Regulatory Commission

. Washington, D.C. 20555 Copy: D. Allis -n, NRC/IE

Reference: NRC Contract No. 05-82-249
PAR: NRC/IE-82/83, Task 36

Subject: Integrated Design Inspection
@ Byron Station

Dear Mr. Laudan: '

For your files we are forwarding copies of letters from con-
sultants assigned to this project which were received in re-
sponse to Enclosure 1 given to them by NRC/IE during the ini-
tial briefing sessions.

Also for completeness of your files, we are transmitting a .
copy of Enclosure 2, Proprietary Information Agreement, which
was executed during the meetings and left with your staff.

No action is required with regard to this submittal.
,

very truly yours,

PARAMETER, Inc.

8C== Crs.-

Richard A. Lofy
President

RAL:mak
Enclosures

. . . .
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ENCLOSURE 1

.

Information Concernino Selection Criteria
and Potential conflicts of Interest

The competence of th'e individuals is the primary screening factor in theselection. .
.

With respect to conflicts of interest, the individuals may not have had any
direct previous non-HRC involvement with the matters that they will be'

reviewing for a given plant.,

' In addition,'the factors listed below will be considered on a case by case
basis in evaluating the question of potential conflicts of interest for an
individual.

.
'

1. Whether the ;ndividual has been previously hired by the licensee to do -

similar design work. '

2.- Whether the indivi-dual has been previously employed by the licensee (and.

the nature of the employment).
.

'Whether the individual owns or controls significant amounts o'f licensee3.
stock.

4. Whether members of the present household of the 'ndividual are employed
'by the licensee.

5. Whether any relatives are employed ay the licensee in a management
capacity.*

-

In the above discussions, licensee should be construed to hean the licensee,
1the architect-engineer or the NSSS vendor for the plant to be inspected or a
. design contractor to one of .the above.-

-It should be noted that additonal factors 1 through 5 above do not necessarily
disqualify an individual but rather are to be consi.dered on a case by case

: basis. -For instance, in some. circumstances previous employment with the
. architect engineer firm may not raise any signif.icant potential for conflict
.of interest and may be a positive factor with respect to qualifications.

.

O
e

.
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HARSTEAD ENGINEERING ASSOCIATES * INC.A

169 KINDERKAMACK ROAD, PARK RIDGE, N.J. 07656 * Phone:(201)3912115

*

>

<

May 19, 1983

-Mr. Richard A. Lofy, P.E.
' Parameter, Inc.
Consulting Engineers
13380 Watertown Plank Road
Elm Grove, WI 53122

'

Dear Mr. Lofy:

.This letter is in regard to my participation in the'

inspection of Byron Station currently being conducted bythe NRC Office of Inspection and Enforcement..

. Dennis Allison of that_ office and the designated team-

leader of_this inspection team, has requested that team
. members provide any information' that could reveal a-poten-tial conflict of interest.

To assist-the team members in_providing this information,
Mr. Allison distributed a. summary of the pertinent factors
to be reviewed by each team member, a copy of which is.en-
closed for your information.

'

While my response to the enclosure is unequivocably
negative, I wish to bring out all previous contacts, no
matter how indirect or routine in nature, as follows:

.

1. As a-consultant to NRR of NRC I reviewed the apolicant
submittals concerning the effect of spent fuel racks
on the floor of the fuel pool. This work culminated:

L in my offering testimony at an NRC hearing in June of_

: 19.82.
.

2. Harstead Engineering Associates, Inc.'in January 1983
' applied to CECO for a listing on their list of approved:'
consultants. At the time we were told the decision" process takes about eight months.

3. Harstead Engineering Associates, Inc. were engineering
consultants to Southern Boiler and Tank Works who provid-
ed a Flow Diverter to Illinois Power for.the Clinton plant.
Sargent and Lundy were the plant A/E's. This work was

; completed over three years ago;'however, there have been
!

. .
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a few TCR's submitted for our approval'during this period
of time. I

4. ' Scot &'Harstead-Associates, of which I was part until
- July 1979, were engineering con'sultants to Leslie & Eliot-
who had a contract with Illinois Power to provide spent
fuel storage racks. The work stopped in early 1980 and
all-outstanding fees have been paid.

In summary, no conflict of interest exists concerning
my assignment with I & E on the Byron IDI.

Sincerely yours,

HARSTEAD ENGINEERING ASSOCIATES, INC.

ad'

Gunnar A. Harstead
President

GAH/tm
.

. .
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Enclosure 2.

,

.

Agreement

*

,

For proprietary and potentially proprietary information that is disclosed to

me in connection with my work on the NRC's Integrated Design Inspection of

the Byron Plant, I agree:
t

~

1. Not to make .further disclosures.

2. Not to make further copies. ',
.

'3. To return my copies to th NRC Team Leader upon completion of
,

the Byron inspection project.
-

s
1,

-
..

/ s/n/n
Signature Date

*-
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Enclosure 2 |

CHRONOLOGY OF EVENTS RELATED
TO GUNNAR HARSTEAD AND WATERFORD AND OTHER

PROJECTS (By R. E. Shewmaker, August 28,1984)

Beginning in May 1983, Mr. Gunnar Harstead, President of Harstead Engineering
Associates, Inc. Worked in my civil-structural group as a member of the Integrated
Design Inspection (IDI) Team for the Byron Project. This work was done as a
consultant / subcontractor to Parameter, Inc. under NRC Contract Number NRC-05-82-249
with Parameter, Inc. During the last week of field effort which was being
completed at.the offices of Sargent and Lundy, architect / engineer for the Byron
facility, I was informed by the Byron IDI Team leader, Mr. Dennis Allison, on
June 21, 1983 that it was possible I would have to leave immediately to begin
to address allegations related to cracking and leakage of the basemat at
Waterford 3. A series of phone calls took place between myself and IE manage-
ment and the designated Waterford Inquiry Team leader, Mr. Mark Peranich, on
June 21 and 22, 1983. A decision was made that I would remain through June 24,
~1983 (a Friday) to complete field work on the Byron IDI and began on the
Waterford Inquiry Team effort on Monday, June 27, 1983.

[ In the course of time between June 21 and June 24, 1983, Mr. Harstead and
; I discussed the design concepts of the Waterford base mat since we both had
L some previous knowledge and professional interest in the " floating foundation
. concept" which was used to address the specific site conditions along the
j. Mississippi River. During that time my preliminary interest was what design

conditions and assumptions had been used to proportion the base mat's rein-
forcing steel to account for positive and negative moments. Mr. Harstead
indicated to me that he had worked for NRR, specifica11/ the Structural,

|. Engineering Branch in 1981, when a structural audit was performed for the
Waterford 3 facility associated with NRR's licensing review. That week long
audit addressed the structural design criteria and design procedures used by
EBASCO in the design of the Waterford 3 facility. Mr. Harstead indicated to me
that he believed that he still had a copy of the notes he had made and provided
to the Structural Engineering Branch in NRR and that if he could locate them

| - when he returned to his office the week of June 27, 1983, he would send me a
l' copy. He also indicated that the principal designers of the basemat from

EBASCO had written and presented several papers in the professional journals
and meetings related to the design and he might have a copy of one of those
which he would also send.

On June 27, 1983, I initiated in-office study and preparation for a site visit
to the Waterford 3 facility and to participate in the conduct of an interview

'

with a newspaper reporter. From June 28, 1983 until June 30, 1983, I was in
| New Orleans or at the Waterford 3 facility. Upon returning to my office on
( July 1,'1983, I found that Mr. Harstead had indeed sent me a copy of his notes

of his work with NRR as a member of the SEB audit (see Attachment A). In
addition, he sent a copy of an article entitled, " Foundation Design of thei

Waterford Nuclear Plant," J. L. Ehasz and E. Radini (Attachment B). I read
both of these documents along with material which I obtained from the docket

- 2 Presented at the Second Specialty Conference on the Structural Design of
Nuclear Plant Facilities, Chicago, December 1973.

<
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files or had been assembled by Region IV personnel and given to me by Mr. Eric Johnson,
also.a member of the Inquiry Team and from Region IV. The information from RIV
included two additional technical articles which were published on the Waterford 3
facility related to the basemat and the foundation and structural design
concepts. These articles were " Foundation Movements--Prediction arid Performance",
J. L. Ehasz and M. Pavone (Attachment C) and "Compdibility of Large Mat Design
to Foundation Conditions," J. L. Ehasz and P. C. Liu (Attachment D). Additionally
there were project reports including " Allowable Mat Bearing Pressure," M. Pavone

.and J. L. Ehasz, April 1977 (Attachment E) and " Review of Site Settlements,"
M. Pavone and J. L. Ehasz, September 1978 (Attachment F) and the FSAR and other
related project documents.

,

'

- As a result of my site visit on June 30, 1983 and documents reviewed, the
Waterford Inquiry Team provided a report dated July 14, 1983 which included,
as-Item 4, the issues defined relative to the basemat cracking and leakage (see
Attachment G). In addition I prepared a write up of additional information,'

dated July 12, 1983 for use by the NRC group which would be responsible for the
resolution of the issues (Attachment H). The judgments and conclusions pro-
vided in these two documents were independent and were the result of my profes-
sional experience and the facts I gathered for this assignment. My major work
on this assignment was basically completed on July 8,1983 except for document|

typing, editing and signing of Enclosures 1 and 2 which were completed the weekI

, of July 11, 1983.
i

; Beginning the week of July 11, 1983, I returned to the task of writing and
| consolidating input from civil-structural team mestier, Mr. Harstead,
L for the Byron project for which field work had been completed on June 24, 1983.
|~ This work with Mr. Harstead continued into July and August of 1983 with some
| minor work in September. of 1983. The Byron IDI report was completed and issued'

on September 30, 1983.

To the best of my memory, some time early in the month of July 1983, in con-|

| versation with Mr. Harstead concerning the Bryron IDI report, I became aware of
"

the fact that he had been contacted by Louisiana Power and Light Company, the
licensee for the Waterford 3 Project, relative to some possible independent
consulting work associated with the basemat. I had no further discussion with
Mr. Harstead on the Waterford 3 project until later in July 1983 in conver-
sation with Mr. Harstead relative to the Byron IDI report, I learned that
Harstead Engineering Associates, Inc. were under contract to Louisiana Power
and Light Company for studies into the basemat. At that point in time I
informed Mr. Harstead that we could no longer discuss the Waterford 3 issues.

'Since that point in time Mr. Harstead and I have not discussed the resolution
of the basemat issues for the Waterford 3 project. A docketed report 2 by the
licensee indicate that Harstead Engineering Associates, Inc. personnel were
involved with the Waterford 3 project at least as early as July 15, 1983 when
HEA Trip Report No. 1, W3-HE-LP-001 was documented. Other trip reports docu-
mented in Reference 2 are as follows:

3Harstead Engineering Associates, Inc., Report 8304-1, September 19, 1983.

. - . ._- ___ _ . - . _ _ _ _ . _ . _ . _ _ _ . . . _ . _ . _ _ . _ _ _ _ _ . _ _ . . _ . . . _ . _
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HEA Trip Report No. 2, W3-HE-LP-002, August 1, 1983
HEA Trip Report No. 3, W3-HE-LP-003, August 22, 1983
HEA Trip Report Nos. 4&5, W3-HE-LP-004, August 24, 1983
HEA Trip Report No. 6, W3-HE-LP-006, September 6, 1983

.

On September 28, 1983, I was informed that a decision had been made that the
resolution of Item 4 of the NRC Inquiry Team's report of July 14, 1983 would be
the responsibility of NRR. I had several discussions with Dr. John Ma of the
Structural Engineering Branch in NRR who was assigned responsibility for the
resolution of the issues in the civil-strnetural area. I also provided him
relevant documents related to the basemat issue. -

During the month of October 1983, I was again in contact with Mr. Harstead
relative to:another IDI effort. The project in this instance was the Seabrook
project. For this effort Harstead Engineering Associates, Inc. provided
services to IE through EG&G of Idaho Falls, Idaho. This task was conducted
during October, November, and December of 1983 with the field work concluding
on December 21, 1983. Mr. Harstead again worked in my civil-structural group.
Report writing and related efforts extended into January and February of 1984
with the report being issued on April 2,1984.

During March of 1984, I was involved in assisting in the planning and logistics
for the preparation of the River Bend IDI which started field work on April 9,
1984. Harstead Engineering Associates, Inc. was involved in this effort. In
this case as a subcontractor to WESTEC Services, Inc. who was under contract to
the NRC for IDI support work. Mr. Harstead was a member of the IDI team in
that effort. The field work was basically completed on May 18, 1984. The
report was issued on August 29, 1984.

On April 5,- 1984, I was assigned to the Waterford Task Force and arrived at the
Waterford 3 site on April 9, 1984 as the discipline leader for the civil-

; structural area. The task was to review allegations and evaluate them for
| safety including those related to the basemat issues which I had been associ-
| ated with in 1983. Site work was completed on May 25, 1984 and the NRC staff
! documentation work proceeded during June and July of 1984.

. On July 30 and 31, 1984, Mr. Harstead and I worked together in Chicago on
L closeout issues related to the Byron IDI effort which was begun in 1983.

During July and August of 1984, I was also involved with the preparation of an
affidavit for the Waterford 3 project. During this time I noted to Mr. Sherwin
Turk, the ELD attorney for the Waterford 3 project, that I had notes from Mr.
Harstead which he had prepared while working with NRR on a structural audit of
the Waterford 3 facility at E8ASCO during 1981. I was requested to provide the
notes to Mr. Turk which I provided near the end of July 1984.

,

i;
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I am also aware that Harstead Engineering Associates, Inc. and Mr. Harstead
are participating in another IDI for the Perry project with the same con- Itractural arrangements that existed for River Bend. This project began on July 23, '

1984 for Mr. Harstead with field work commencing on August 6, 1984. The
inspection effort is currently under way.

During the described period Mr. Harstead has made no oral statements to me on
behalf of Louisiana Power and Light Company nor any other private entity
regarding the Waterford 3 facility except as noted herein. Neither have any |

written communications been provided to me on this subject by Mr. Harstead. I
have not been in any meetings where Mr. Harstead attended as a representative
of HEA or LP&L on the Waterford 3 project.

. _ . _
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1.0 Introduction

A' week long structural audit was. conducted for the Waterford
3 Nuclear Power Station at the headquarters of Ebasco Services Corp.
the designers of the plant.

The members of the NRC team are as follows:

F. Rinaldi

P. Huang

J. Matra

G. Harstead

-The audit covers the structural design criteria and design
procedures used in the design. The information contained herein
was supplied by Ebasco personnel,

i

2.0 General Descriotion

All Seismic Category I Buildings and Structures are located
on a common mat. The containment structure is a steel vessel
enclosed with the reactor shield building. A four foot annulus
was provided between the cylinders of the steel containment
and the reinforced concrete shield building.

The stated reaaran for buildings on a single mat was to avoid

'.
.the possibility of significant differential settlement of the
buildings.

3.0 Geotechnical Investication

The geotechnical work was performed by LAW Engineering. Field
testing consisted of determining shear wave velocities by means
of cross hole seismic testing. Laboratory testing consisted of
resonant column tests and triaxial tests. Apparently a Soil Shear
Modulus was determined to be about 6400 psi.

Law Engineering also developed the artificial time history
ground motion based upon the criteria site response spectrum. The
site response spectrum used is lower than that required by NRC
Reg. Guide 1.60; however, the spectrum calculated from the arti-
ficial ground motion generally exceeds that required by NRC Reg.
Guide 1.60. Where the calculated spectrum is below that required
by NRC Reg. Guide 1.60 the difference does not appear to be signif-
icant.

,

4.0 Mat Design

The structural mat is 12'-0" thick and has been termed as a
" floating" foundation mat. The term floating is; hcwever, an
inappropriate term in that hydrostatic pressures acting on the
bottom surface of the mat will not exceed the dead and permanent

,

live loads of the structures and mat supported by the saturated'

soil.
The construction and design concept of the mat was described

as follows:

1. The in-situ soil pressure at El. 47'-0" is 3.3 KSF

2.. The site is dewatered, increasing soil pressure at'

.- - . - . - . . . . . . __- _ - .-_ __. . _ _ . -. - . - _ . . .
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calculation runs were made with three sets, spring constants based,

upon of soil Shear Modulii of 5800, 800, and 16050 psi.
5.1.2 Stardyne Model

In order to ascertain the effect of eccentricity of masses
with respect to the shear center of each cantilever as well as
eccentricity of each cantilever to the shear center of the soil
springs, a model was prepared taking these eccentricities into
account. This introduces a torsional degree of freedom for the
model.

No torsional soil spring was added; te erefore, this degree of
freedom did not appear.

5.1.3 Comparison of Results

The runs were both made using soil springs calculated from
the greatest value of Soil Shear Modulus. Although this value of
Soil Shear Modulus was more than double the value recommended by
Law Engineer 3ng, the system is still somewhat flexib'.e. The funda-
mental period, T, equals 0.6 seconds, which is not within-the peak
acceleration range of the spectra specified by Reg. Guide 1.60.
However it does appear that a period of 0.6 seconds will for the
spectra developed by Law Engineering, result in value of acceleration
which will exceed the specified spectra of Reg. Guide. 1.60.

A comparison of the two runs indicated by resulting accelerations
at selected mass points were in the rame range. Two different
programs were used with possibly different methods of calculating
model dumping and the fact that no torsional soil spring was used
in the torsional model. Therefore the specific purpose of deter-
mining differences due torsional effects, was not satisfactorially
achieved. Even though the exterior walls do provide a structural- tie
between the Fuel Building and Auxiliary Building, this was not accounted
for in the model.

5.1.4 General Comments
a. Mode Shapes
A review of mode shapes of the two computer runs was made.

It appeared that the first two modes of Stardyne run indicated a
response similar to a rigid block supported by a horizontal spring
and a rocking spring. A study of the mode shapes of the Ebasco
program didn't seem to exhibit this type of response. However,
studies of the mode shapes from the computer output print out was
somewhat unwieldy, plots of mode shapes are recommended.

b. Earthquale Combinations
| Earthquake motions were considered independently as follows:
l

North-South
- East-West

Vertical

Three separate mathematical models were used. The models for
horizontal earthquake motions did not include a vertical degree of
freedom. Similarly, the model for the vertical earthquake motion
did not include horizontal degree of freedom. Both models included
rotational degrees of freedom. The vertical ground acceleration is

!
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El. 47'-0" to 6.5 KSF. ' This will consolidate the soil.,

3.- The site is excavated to El. 47'-0" and constuction
'oroceeds.

4. . The dead load increases pressure to about 4 KSF. Additional
dead load is counterbalanced by gradually. lessen.ing the

! dewatering. A constant soil pressure of about 4 KSF was
maintained during construction.-

-5. Upon completion of the construction and removal of
dewatering the soil bearing pressure is 3.1 KSF.

6. The fact that the final net soil bearing pressure at-
El. 47'-0" is 3.1 KSF compared.to in-situ soil bearing
pressure of.3.3 KSF gave rise to the floating mat term-
inology.

7. Even during the maximum flood there remains a net
.

soil bearing pressure at El 47'-0", ensuring that the
'

plant will not float down the Mississippi River.

The analysis of the mat was performed using a finite element
. program. The stiffening effects of shear walls was' included in the
'model. Two cases wege examined, one, using a constant subgrade
modalus gf 150 lb/in , and two, where the subgrade ginulus was70 lb/in within the reactor building area, 110 lb/ surrouding
the reactor building, and 150 lb/in3 elsewhere.. These adjustments
were made in order to account for the fact that the subgrade
modulus would decrease for increaing soil strain.

In' addition, a rigid mat analysis was performed. The fund-
.

amental assumption of a rigid mat analysis is that the soil bearing
pressure is uniform. The moments and shears in the mat are calc-

' - ulated for both the applied dead and live . loads and.the uniform
soil bearinn pressure. This method generally leads to conservative
results.

Therefore, three sets of results were obtained for the mat.
The mat was reinforced for moment and shear for the envelope of
these three sets of results.

5.0. Dynamic Analysis

5.1 Mathematical Model

15.1.1 Ebasco Model

The model is one that is usually refered to as a stick model,
,

i.e. lumped masses connected by massless springs. Five. cantileversi
.

represent the containment vessel, Reactor Shield Building, Fuel
4 Handling Building,. Reactor Auxiliary Building, and the Combined

Structure. The five cantilevers are joined at a node representing
the base mat. The cantilevers are not mathematically tied together
at any other point and they are all located at the same vertical
axis.4

The base mat is attached to.the rigid base by means of soil
springs. These spring constants are dependent upon the Soil Shear
Modulus and geometry of the base mat. The formulas are taken from
standard references. Due to uncertainity of the soil spring

1~
. . _ . .- ._.- __. __. - - - . . - . _ - . - . - - . . . , - - . - - _ _ - - - . . - . .
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2/3 of the horizontal acceleration.
In the structural design of the plant,

from each earthquake direction are applied independthe "g"loads calculate
to calculate stresses or stress resultants ently in order

E-W direction and vertical.the absolute sum of the N-S direction and vertic l, which are combined asa and then the
5.1.5

Discussion of Subarade Modulus and Vertical Soil S
mat, while the vertical soil spring was used in the dyThe subgrade modulus was used in the static anal

pring

ysis of theof the earthquake. namic analysis
ship between these two parameters.An Ebasco representative contended that there wasno relation-
a Winkler Spring, stiffness was represented in the classic treatment referr din the static analysis the soil
at mode points rather than uniform as in the classical texcept modified to place linear vertical springs

e to as

The vertical spring for the dynamic analysis i reatment.tests and papers,
and Gere for a disk on an elastic half-space.The basic formulation is presented by Timoshenks refered to in numerou
formulation is static rather than dynamic o

Inasmuch as this
The indications are that the two parameters reparameters representing vertical soil stiffness is ind, a consideration of the twoeed appropriate.soil stiffness is indeed appropriate. presenting vertical
the static analysis of the mat. soil stiffness is much more flexible in the dynamic analThe indications are that theysis than in

If one assumes that the subgrade modulus of 100

somewhere between the results for the subgrade modulus of 100 stiff, it is likely that the moment and shear results wo ld f
psi is too

u alland the results of the rigid analysis.will fall within design envelops. pei
Therefore, these results

the fundamental period would decreaseIf the soil spring for the dynamic analysis werestiffer,

the change would not be very great.three values of soil shear modulus was, very close thowever, since one of theo the peak and

the calculated fundamental period is 0.6 secondsDue to the conservatism of the mat design and the fact that

the value of soil stiffness is not sensitive , it appears that
.5.1.6 Damoing Values

The values for structural damping are less than thfled in Reg.
This value of soil damping is much less than valuGuide 1.61 and the soil damping value were sele t d

ose.speci-7.5%.
ce as

recommended for soil structure interaction analyses es generally
5.1.7 .

Hydrodynamic Soil Effects

The soil hydrodynamic effects were ignored which ioractise.
In general, the neglect of hydrodynamic soil effects generalconservative

however, the fundamental period will be effectedBecause one o;f the assumed va. lues of Soil Shear M d l
s is

close to'the peak-rance (Reg. Guide 1.60),
.

o u us was very
considered to be conseriatie. the seismic analysis is
0.lCg for OBE and DBE respectively.The peak around seismic acceleration for design is 0 05
of 0.01 seconds. developed by LAW Engineering, was for 20 seconds u iThe artificial ground spectrum

. g and

correction has little effect on acceleratioaoThe record was not base line corrected. Base lin:
s ng an interval

- - - _ - - - - -
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5.1.8 Masonary walls

No Seismic Cateaory I equipment or structures are supported
on masonary, walls and it has been determined that these walls will
not collapse-under DBE. (i.e. SSE)

6.0 Reactor Shield Buildino
'This building consists of'a cylinder of a48' with walls

3'0" thick and a spherical dome 2'6" thick.of radius 112'0". The
basic reinforcing pattern is #11 9 12" o-c, E.F. , E.W. This
reinforcement is greater than that for the reactor building for
the St. Lucie nuclear power plant, which was designed for tornado
missiles.

7.0 Reactor Containment Shell
The containment vessel was designed and fabricated by CB&I in

accordance with ASME Sec. III, Subsection NE 1971 updatad by 1972
winter addenda. The material is ASTMA 516 Grade 70. The thickness
of the cylinder is-approximately 2". Post-weld heat treatment was
applied after the entire vessel was erected by heating the interior
by means of heat applied at the penetrations. The design pressure
is +39.6 psia and -0.15psig. The maior penetrations are as follows:

Construction Hatch 32'-0" @
Maintenance Hatch 14'-0" $
Personnel Lock 6'-0" $
Personnel Escape Lock 5'-9"

.The design of penetrations used the area replacement rule and
an analysis was made usina NRC Bulletin 107

Inasmuch as the R/t ration for the containment vessel exceeds ,

the limit specified in wRC Bulletin #107, Ebasco will provide additional
information concerning the back-up on the extrapolation to an R/t
ratic of 600. The seismic "g" load varied from 0.1 at the base to
0.37 at the top for OBE. SSE was double these values.

8.0 Missile Shield Gratina

The structure provides for tornado missile protection and consists
essentially of a highway crating. The calculations were made by
establishing an equivalent plate. This is adequate for the local
bending effects; however, this would be unconservative for local
shear. A calculation made during the audit indicated that the shear
was acceptable. This should be made part of the calculation. record.

9.0 Internal Structures of the Containment ,

The structures consist of the reactor cavity, the steam gener-
ator and pumo enclosures, and the secondary shield wall. The reactor
vessel is suoported on the reactor cavity. The steam ponerator supoort
system is a sliding base which is keyed so as to acconnodate thermal
crowth but is keyed to resist reactions due to pipe break. Bolts are
.provided for uplift forces. State-of-the-art analyses and design of
these structures was employed.

. . . . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ________-__-________-__-__-__-__a
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* 10. . Spent Fuel Storage Pool

The spent fuel pool' liner is 3/16" thick for the walls and1/4" thick for the floor. The stainless steel is ASTM A-167 Type304. Embedded wall stiffeners are provided at 17"0.c., except for
the upper 13'-0" which is at 8 " o.c. The floor stiffeners are8B24 members at 2'-7 " spacing. The construction sequence was such
that the base liner was welded to the top of the 8B24 members and
a non-shrink grout was used to fill the space between the top of
the concrete pour and the floor liner. .The grout used was MasterBuilders 636. 'Resulting gaps between the liner and grout of up to

L 5/16" were considered-acceptable.
The spent fuel storage rocks were provided by Wachter Assoc-!

'

lates and are designed for high density storage. .The racks rest
on the floor:without any structural connection. The rack module
is-attached to-each other near their bases. Horizontal restraintis provided by extensions from the perimeter of racks to the fuel
pool wall. The walls were designed for horizontally applied loads
of 19 kips /ft. According to the calculations this value was notexcceded. (Tipping of the racks under seismic was not covered by
this audit).

11. Turbine Missiles

Turbine missile criteria was not considered in the structuraldesign. An analysis of the turbine effects concluded that the high
trajectory missiles had a low probability of striking the Category
I structures. The low trajectory missiles were considered to have
a probability of striking the Reactor Shild Building. The results
of using the NDRC and BRL showed incipient penetration and penetration'
respectively. Even though the turbine missile penetrates the Reactor
Building, the missile was found not to perforate the reactor-contain-
ment. From the values that were presented this was not obvious and
Ebasco will provide additional data and information.

.

12. General Conclusions
The methods used for the structural analysis of this plant

appear to be conservative. The parameters or range of parameters
are not sensitive, in that, small variations would have caused increast;in calculated results.

t
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w undation
'}5 Thte met in turn to supported on the Upper Fleistocene cisys which under.. met.

lie the site about 50 ft. below grade.
~

*h The Recteer Fleet leiend Structure is a rectsgular bos.like structure
,

4 300 ft. less, 267 f t. vide med entende about 60 f t belos grade. The central
; porttee of the structure coastete of the reactor building includies the reactor
* toterest structure uhtch to within a free standing steel contoiment and

'
.

esecrete ekteld structure wheee eateida diameter is 154 f t., and top elevation
.

Y ei of the 6ame is 197 feet above grade. Finished grade la et about 17.5 ft. above
mean see level and the top of the foundation met to 35 ft. belou seen sea level.

-

$
''.gj %eetles Foundaties" or "Comyseested Foundation" principleThe Nuclear Fleet leland Foundetten to doetsmed accending to the,

, that is, it to

3; designed to have oeffleteet buoyancy to asiatete soil pressures se its fewade-
ttee met uhtch are opprestantely equel to and which are no greater them the

genieting sweberden pressure (the sett pressures which estated at that level
Prler to the etert of cemetraction).

-

This paper deecribes the investigetton progree which were undertaken
.A ** etudy the properties of the sette uhtch estet et the e tte and which goversed,

y.thedestas.
. .briefl It discusses the criterte used to the foundation desige and
prios u,. e.ri, etes.e of u.e desig..F recounto several of the prettuinary design concepte editch were considered.
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Sift 1NVESTICAT10NS'
.

it

Estensive boring, sempting and testing of the soll conditions at the site '

' were perforened in two stages. The first phase of the work was conspleted in j
1970 and details of that phase, f actuding boring logs and representative labora- ' d,

tory tests were submitted to the Atomic Energy Coussission in May of 1971. The :I

second phase of the work concentrated essentially on soit deposits underlying { {*" ,gthe proposed Muclear Flant Island Structure. Borings and samples were taken g
la late 1971, the associated laboratory testing was coinpleted in January 1972. 3g$j -

Basically, the initial study program for the evaluation of the site soil $
properties consisted of: kN ** "** { a

'b Ma) A Boring Program ti
*

/b /' ,

b) Soll Tests /4/ C i

E 6m - NENMI EA%W*
.1*

;
1 c) Seismic Traverses j' e s

! # $! e
d) Electric legging ; ,

f
*

I e) Pierometer Installations j/ <
e

Bortag program consisted of 35 borings, 23 to a depth of 100 f t , 6 to a depth g5 --

concentrated in the general building area while others were taken to define the }f.r/j-
* -- - *ww x=

] et 200 ft, 4 to a depth of 300 ft, and 2 to a 500 ft depth. Most borings were
|,X

k ,5
! depth of 100 ft was advisable. The 300 ft deep borings are about twice as deep i Q g/.| estire site. Previous knowledge of this site indicated that a minimum boring f j

3,__ _ _gggg gg
to the Reactor Building width and were judged to be the extent of significant et e ,

esits behavior. The 500 ft borings were taken for added assurance at depth and / | J
,

i je
iN' Ip | EIIE"E5,95 ME ...

?yto supply geological information. ,

, Static soll tests were performed on selected aanples in accordance with ASTM yg y e

,!Standards. Seismic veve velocity traverses were conducted throughout the site to y// ' '
i w

!snsure the continuity of the soils strata for some distance from the proposed ! #
g[E'3E D-DMM lhM

'

etructure locations.
J// % ,

Pourteen plesometers were set in the several sand layers of various scattered // ''

bore holes. Fiesometer readings and river stages were monitored at frequent inter- ///
- .$ - .... ..wals. The responses of these pie: meters to the Mississippi River levels gave ! - / /- - -

Insite as to the continuity of the various soll etrata. gdg gg ag oggg g,

E" T " "'.y . . .. ..TTv^ ,, $y! " $ '!'
' ^ " " ^ - " " "

*
The logs of the soll borings were studied on soit profiles vnich revealed the 4 gg ,' g ,# 6 d -

. & 4
*

dif ferent strata of soils which enderlie the site. Basically, five distinct

f h {g g g g {| gmones of material were established dich had to be considered in the foundation e

design as follous: g 3 3 , g y, 3 .g g,, 3 ,

W $' 2 2'I !b E "S I'I E IZone 1, approximately the top 50 feet, is an unconsolidated misture
E 6 $$ $5 YTE R E g% $ (. g.*' aof soft fine grain maearlals, (clay, sitt, sand of recent geological

i h f | .A.'Ii.
g,

3*
4 k ns' 5ei e ne

f L| d ,xL I I3 I

| )3 :M 8
,

~'y A y |v

! b il k *!
-

O
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[ Zone 2, from appreatmatIky'50 to 90 fu t 6el N g % , is a fairly
'

'#

unf form, stiff to very settf el The upper 50 feet of materials are the recent alluvist deposits described$

age with occasional sand Ieru s og pgeistocm (Ceological) se soft clays and sitty cisys with occaatonal sand lenses or pockets The
,

ee. .

;f
everage cohesion is 500 lb per sq ft. At approntmately 50 ft of 6 pch, or~

elevation -40 ft, and extending to great depths, there is a marked change inzone 3, from about 90 to 105 feet bel " 8'*de is a medium dense - e soll strata indicating the top of the Fleistocenet Age soils. The upper part*; sand with some clay. s

of these soils are stif f, grey and ten citys with occasional silt lenses and

Zone 4, which eatends in depth from about 105 E ' " ' 2 *"
** 8 8"" 8' '8* * "*
" ' ' ' " ' ' ' " ' " ' * * " " " * * * '' "' '' '' " " '"'E*'*:r';i:"";'3" ';T"o :W 21 o

sa ther eistsa iiistoricainy, in this southern tosisiana area, = ne i m teries has sup-,- soft ci.y stratu.. .h,ch was studied ,, de 8 part of the ported roads, retiroads and light construction. However, the Zone 1 materialsecond phase of the sollt investige i es he consolidation is not suitable for the support of major structures, since the materials are| ,. in this soft clay which caused to th of n u mne wea an t anticipated uttlents wald be large and variable. All heavy. ,
criteria for the foundation desian e ich are discussed later in industrial construction in the area is founded on Zone 2 or lower material andthis Study,

it was necessary that Zone 2 should be the support level for the Selsele Class I,

( . Zees 5. from about 330 feet to 500 feet below grade is a very
** * * " " *

dense sitty send *g og
.the geology d ,eg,,,g, ,jg an 500 fut below grade. A second phase soll study program was then undertaken with the objective

,, , a d u e sands of confirming the conditions described above and establishing detsited sotto
, and clays for perhape thouscade of feet *' taformation. Farticularly, verification of the decision to found the buildings

of the helm Plant Island Stmtun in tk 2me 2 mutal and adduimal
An extensive laborsterfated

w

test ' H ee ed on the recovered inforestion was sought regarding tha Zone 2 material strength and long tera
,

tearles. This.progree cons of
j mettlement characteristice,

j 1) 11nconfined compre64 ton tests, en a 1" i ** diameter The detailed investigation consisted of eleven 3-inch dieseter borings
bcth in horisontel and vertical direction *

' .
and seven 5-inch diameter borings aztending to depths ranging from 100 - 300

2) Triasial toets on selected re feet. Continuous Shelby tube omsples were taken in three borings, with tho *
3 " etive econectidated- normal sample interval generally 3 feet in depen in the cohesive deposita.q ur. drained and consolidated.und a as t 88"ples from particular split-spoon samples and sta.edard powetation resistence values were obtained

,

strata. .

in granular or coarse-grained deposits, and occasionally in transition matarials,', *
.

Samples pu ntalmd MaweW analysis. Nu cisp utend to abut - 73) Consolidation teats on s8mp1es ae specific elevations to determiner elevation -320 ft sad contain only two significant and conti=uous sitty send

* * " * * ' I**** * * " * * ***'I"*"" * * " ** 'a) Preennostidation Pressures (p )*, elevation -235 ft te elevatten ~244 ft. These silty sands are ddase to very,) c ,

se M can meh a petutin tut uh. N swa
b) Orettoneotidation Ratios (UCR)

-

below the stiff clays, from elevetlan -320 ft to et least elevation -500 ft
c) Rebound (C ) (the deepest elevation penetutes, is a very denn grey sitty sand, as can

s # also be seen frcus penatration resistances.
_

' uae '
e i h vi avation and reloading The following is a brief sismaery of the omfor Fleistoesne soil strate

f take p! ace luring construction. indicated on the genere11:ed soil profilts; shotm in Figure !.
e) Coefficient of consolidation (C,) to establish time- a) Elev -40 ft to glev -77 f t (Sttif tan and grey fissured clay)

settlement characteristics.
Continuous profiles of noist ...

A signfficant imensee in strength is noted in this strata indicating the line
were also obtained for individual "te" , den 81ty and Atterberg Limits of demarcatica between recent and Pleistocene deosits. The reistively high

88n* sad n1 rained triasial over concolidatP vn ratio (ock) value of 3.6 also represents a stasy when thettsts were also conducted os samples o ha
H m u nd, which clay stratum was subjected to the combined effect of desf ccatica and overlos''ing,

granular backfill.Mpresent the moet !!kely source of bMrow meterial for the required compacted gvidence of fissaring was observed in the majority of the recovered saeples

. s

e

h. .
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Test data genere13 of particular concern from a cometruction and dewstering standpatet wee theClthough generally minute etit and sand lenses were noted.
indicated no significant decrease la strength with tecreestag diameter of sampfe' continutty of the vertous strata, to particular the sandy strata, and poselblej
The cobeston value of this stratus was found to be 1500 psf. casenumscotten with the ptestostypt stver. sy reviewtag anny profilee so well

se additional solle taformation from the adjacent Waterford Unit 1 and 2 ette,
b) Elev -77 ft to Elev -92 ft (very dense tan silty sand) jaet north of the subject ette, it was established that the upper sette are quite

discontinuous; the sandy strata could not be correlated sloeg profiles of the
This strate wee encountered to all berings and generally everaged approutentely borings. Havem, the Pleistocm sotte were fed to k continum W W
15 ft in depth. Fenetration restetence values, "u", indicated that the atte dictable. These f acts were further confirmed by plaaemetere placed in various
tend wee to the demos to very dense range; the "N" values were greater than silty send strate and monitored for 12 to is sonths. It wee found that the

eendy strets withis the recent motts were not respoestve to river level30 bleue/ foot. Occaelenelly lower values were recorded. novover, on investi.
gotten, they represented tranettien mones between overlying and underlying fluctuation 2. Neuever, the pietonotric levels in the sitty saade within the,

[ elays. Estemelve cyclic triental testing wee conducted to verify the dynamte Fletetocene were directly affected by the stiseisotypt River level. Thus, it;

strength of these transition metertels and studies concluded that these materials to certete that these sotto are continueue and connected to the river at
; will met Itquity from the dynamic stressee impeeed by the design earthquake, this location.
I

re dt e attgg Arey cle with yetsmAfligI DESIGN ODBCEPTS Ale STUDIES,| c) Elev -92 ft to Elev 10s is e

; silt leasee).
i

,

As discussed eertler and based on the results of the soit study program,
A not teeable decrease in everage Oct (1.4) and slight reduction in etter8th it use ascessary to found the butidings of the Nucteer Plant structures on(C 1200 pet) to apparent, when compared with amterial overlys th, the ottif Fletatocene clays which underlie the site. Several foundetton

design concepts were investigated and discarded as their shortcentage' becamestrat e . Locally toelated cisy samples had indicated Oct val se to ,

I.1. These values are meet probably related to changes in ground W * 8" * " N * **" *Its ed desic en due to the overlying sand stratum and the geel a h
a) File Supported Foundetteem

d) Elev -103 ft to Elev -116 f t (stiff dark 5r'y c187, organic) b) Individual met foundettom under each buitetag '

c) Coshtned met foundation supporting independent buildtags*

Organic content determinettons in thte layer ranged fro 3 t o 3 6 P****** *moticeable incrosse la strength (C = 1900 pef) and cca "(1*y) are related '. tech of these concepts to briefly discussed below as foltous:
*

Frimarily to ef fecte of deelecation. ,

A * Pile ?__rted Foundet tome) Elev -114 ft to Ele, .13; gg pqedius stif f grey and tai eIey
with send leases) Weavy industrial cometraction in the area to founded spea ptles which

i' estead into the Fletetocene Clays of Eome 2 or lever. The Waterford Units
Reductise la strength meted is a result of saturated sitt and send Pocku s and 1 and 2, uhtch are fossil-fueled power pleets adjacent to this atte, are soorgente coetent of overlying material. However, this type of construction is not readily adaptable forfounded. The bort-*ncl**r power reactor foundettoes in the ltisetselppi River Delta.

f) - tiev -127 ft to Elev -317 ft (Very stiff clays with silts sental forces which uset be considered in the Setemic destga of nuclear power
.and sande)- structures are so large as to be inespeble of betas resisted by bending of

vertic81 piles especially with the loss of support from the recent setteThese forces if carriedDeposite characterised by relatively high uniform strength (C * 2000 Pat) and surrounding the piles durtas earthquake conditions.

matelly i,m battered pi,les would require se estraordinary amount of batter 1, deed, ou, ,ce., ,iles could be , laced at mil to resist t,ees
ou to media over cementidattom retice (1.5 - 2.4). Sand de 8 ' |in the very dense tange. Orgente centent determin

cio e=ena.s fr n., -i,, to new m ran,ed ,et tons in,a ;=,of dern grey ,11ee, 1
For these reasons, the piled foundation concept wee discarded for the, o. A , , , 3eads.*

The pile foundation concept wee the only one esaminedauclear pleet structures.g) - Elev -317 ft to Elev -500 f t (Very dense sends and sitty sands) ubich would allow at grade cometruction of the pleet. All othere reagetred on-
cavetten to the top of the pletatocene and constructien of a substaattel por-

This strate constete of uniform coarse-grained depoette gene all I" '*U ties of the plant below grade.
dinee range with "N" values greater than 50 blaue/ foot.

.

-
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g = Individual Met Foundatione Under sach evildina

This was the initial approach to which serious consideration was gives.
N most critical aspect of the design criterie was the regedrammet that

. N origlaal design specifications which were established for the foundation ' esulm and minimum soll bearing pressures should not difier by more thee two .

kips pu og it for the construction conditions and one hip per og it for the
' design and based upon the resulte of the phase I soils investigation contained II**I * " * * * **** I I * " #" * * """ "I ' I I*E ** ** * *

4

the.following criterte: *"' I *" *" "I ' N I **I " *** * ****""P"**""**I********II*''
oble soil bearing pressures the previome criterte for individual foundations!) Top of pletetocene sediments - Elevation =35.5 ft . under each buttding which pertained to monimm alloweble relative settlemente

2) Ultimate soil Searing pressure - 15 Klps/eq ft between buildings and mozimies allowable angularity or out of plimbasse bet-
veen adjacent buildings. In other words, the new criteria sought to assure3) Mestam Doetga Bearing pressure for any loading combination as uniform a settlement se possible by requiring as uniform a sett pressure* 11.25 ggy,

distribution as possible.
4) Monisam Total Allouable Settlement - 3 inches

h first attempts at design of a cm foundation met with ledspendent3) Manismen Relettre Settlement getween the Buildinge = 1 inch *
,

4

buildings revolved around a alz-sided shape. The assumption was made that the4
*

; 6) Meslum Allouable Angularity (out of plumbnese) between met wee rigid and maximum and minimum static soil bearing pressures were cal-
; adjacent structurea = 1/20 degree colated. Various arrangemente of buildings were studied with respect to soit

I
bearing pressures computed for both this shape and a rectangular shaped founda-! *

tion under various assumptione regarding' backfill, buoyancy and the peettioni N severe requirements of Criterte 4, 5 and 6 were necessary because of the reactor buildlag on the met. None of these trial shapes were able to'

the buildtage of the Muclear plant Island Structure are in fact inter-related
a satisfy the established limit of one hip per square foot on the differaetteland intercommected with piptag, feel transfer canals, etc. It was not poest- | bewan mium and minime sof t bearing pressures. This was primertly duebis to meet these criteria by means of inatvidual foundations under each to eccentricities which were generated by two factors as follous:building. As a metter of fact, preliminary computations indicated that

| differential settlements from 3 to 6 inches could be expected for structures 1 - h anangmat of the buildings was such as to cause s*

on this type of foundation because of the existence of the elightly over- eiseable eccentricity between the center of gravity of thee

; eonsolidated pleistocene clays et deeper elevottone. These enticipated vertical loads acting down on the met and the centroid of-
1:rge, long term, differential settlemente led to the elimination of the the met.

;

!
'

concept of ladividual foundations under each building and led to develop-
meat of the cambined met considerations. 2 - The arrangement of the buildings was such that either for the *

sis-sided or rectangular shape, lerse eccentricities were
C - Coubland Foundotten Met f:;; tina Indesendent Buildingg

.

caused by the uight of the backfill on that portion of the ,.

est not covered by the buildings.'

This concept consists essentially of e large flat cosemon reinforced con-I

crite foundation sieb under the independent structures supported upon it. gewat eher trist shapes me attemed, fu example, extending the est in
-

It to usually deetsmed to be rigid enough to act as a unit to insure uniform se attept to king the cetpH of th est cloen to th center of th toede,
.

! esttlements and suf f1ctent mese of concrete to included to prcvide factors
,

t all such trials prW to be umwWe because of tk ull pnesun dif.6

ef tafety agaiset sliding and overturninb. Reinforcing steel is provided to ; tweettale caused y eccoutcHy due to backfill. In sWt, it was not
rssist the bendtes moments and shear stresses caused by the met soll bearing j- practically youthle, using the necuswy guaral enangement of the buildingspressure acting against the underside of the met. toThis was the concept when i et u mine a met con igurati n which w m ld uduce the eccennic I W e due to
the early attempts were made at the design of a consson foundation met. backfill to values mall enough so that the utablished uitute agarding soit

*
e

pressure differentials could be met. Finally, the " Floating Foundation" was*

The common foundation met concept was adopted in en attempt to minimise the only solution which could satisfy the rigid design requiremente. Simplythe differential settlements which were anticipated for individual' footings stated, the philosophy was this: If the escentric loeds due to backfill areender each building. It became necessary to establish new design criterte fotolweble, then keep the backfill loads off the foundation. In order to
which were applicable to the em foundettoo concept, select a trial shape accomplish this, a rectangular met wee designed, exterior wolle were in.'-

ftr the new foundation, and check this trial shape (by both head and computer J .- claded buttressed by counter forts and a series of buoyancy chambers were
computatione) to determine whether the newly established criteria were met. /.. created. By strategic saturation of the backfill around the perimeter of

i

| It was ateo necessary to establish a construction sequence for the Nuclear 1; the foundation structure, it wee possible to keep the effective pressurej plant !aland structures la order to assure that the design criteria were not & at the base of the est close to the esisting overburden pressure.violited durias any construction stage.
.
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Computer Amelvees of Met FW7 ton

As has been previously mentioned,estly analyses of the various founda-
tien mets revolved around flat plate type of considerations. N early
computer analyses which were performed shoued that the met did not behave se
a rigid structure and that tacreasing the met thickness had no effect on the

-

g'

relativa rigidity. Trial computettoes had been run for 10 foot,12 foot and
15 foot thicknesses; the 12 foot thickases which was finally choses was se N
ecomente compromise between the cost of addittenal concrete to eliminate N .
shear reinforcing and allowing some shear reinforcing. E g

g
Later es, as the criteria were more closely defined, and the design 3

evolved into the floettag foundation concept constating of a rectangular O 4
foundation met, buttressed welle and a roof stab, it became evident that {.

I for such a esselen structure, only a flatte element model of the combined'

structure could adequately demonstrate the interaction between but! dings.'

walls and met.

N Stardyue fialte alment computer program was chosen because out-of-
plane shears were required and because it had no limitation on the metriu
bandeidth. The structure was represented by an assembly of 1042 beams,

I
;

2079 plates and 940 modes. The maximum cepecity of the program was 1000
8

g
)ymodes. N soit under the met was represe-ted by linear springs at every I ,

mode bevise e attffness equivalent to 150 poundo per cubie tech. An itera- ;Ition proceedure involving soit pressure and local settlement consideratione i
g

i, to establish a realistic foundation modulus or spring ues attitred. This g .

L* procedure wee coattamed metit compatability of the anticipated recompreeston } g ,

settlements and foundetton modulus were obtained. ~

j | t
i

.,

* * - ' i# \ %As smalysts of the ta-pleen shears ohnued that outra retsforcing (up to e *

j(
' 'P, .

P1.65 square inchee per foot) above that necessitated by the rigid met analysis
' ;-

l
,

'". qq ,
- Ii g,was required la selected areas of the combined stru6ture. The bending and ,

I ;
,

; g |shear relaforcement la the retalalag walls, the elab at elevation 21.0 and
I ;,g j /* j (

*

the buildings was determined by separate analysis or local bending under more 1

.'
_ .p

I 1
j j l| /|g severe load conditions. j j ,,

; FINAL F0ER N T10N Dg3!CN S129 TART [ ' I h ~
Q i ( -

'|9,

il
'

,

q M
yd N eussting sett canditisms at the site are evaluated in terms of vertical

,

'
g '

sifective stresses at the present time. These stresses are now to the order of h
3300 lb per sq ft. Figure 2 illustrates the study of various construction and p~ I P

; 1 |
-

stress conditions. The first construction stage illustrates the pressures upon
, W.

))'

8
complettom of excavation te the bottom of met elevations thereby reducing the

t ?ctress to aero. Nest, se latermediate stage of construction is illustrated to
l'| f

f

which the effective stress at the bottom of the met la equal t9 4000 lb per sq i

ft. This is due to the weight of the concrete structures witL the water table ,

held at some level below the met. The final stage illustrated is the completed *
stage, with the buildimos completed to the final elevation, the sand backfill ' '
completed, and the ground unter table back to its tattial condition of eleve-

.'
,

tion +8 f t. N final pressures are indicated. it can be een that the . b
pressures will be 3100 lb per og ft. This is 200 lb per ft less than the > g

j
I.

.

9

.
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| czisting sett pressures at the site.
I .

.

Since this " floating foundation" concept involves the balancing of' '

existing site solle pressures, e soll pressure time history diagram was
developed and is illustrated in Figure 3. This figure details the soit

; pressures at the botton of the foundation met. It begins with the existing
esil pressure conditions and develops the pressures during the various phases g g

i
j'

af the work. N AAf ter escavation, the pressures are reduced to aero. This is *
analogous to the phase described earlier. During the concrete construction

*j{phases, the pressures begin te increase and continue ratil a stress of 4000 lb U
|per sq ft has been applied. This pressure has been determined to be a maalanen E ,

pressure that le desirable for short term considerations during reloeding. ) K

This is based on the reconsolidation characteristics of the soils and is @
deemed to be a prudest value to maintain during the construction phase, la "

order to keep the soit pressure at this level or below, the water table will 9be allowed to rise in accordance with the predetermined plan as indicated f. el |'

'
la Figure 3. This procedure reduces the ef fective soit pressures and main- Jteins the effective pressures below the 4000 lb per sq ft level and estab- .3

litias final effeet tve pressures as described above. .J 2

Detsited construction phases are given particular etcsa attention. Each 3conettretion phase corresponde to the phase outlined on the aforementioned soit q p
d k \prsssure ties history diagram. These phases involve the various construction
!, fatteres involved during each step of the work including the sand backfilling,

la susmanry, the detailed foundation ' design considers the following prin-
'

{ 'r- )&! mstturation of backfill and other construction aspects.
* l

g i l d j'
features- Iciples, rationale and distinct

-_

a) The base of the combined met foundation will be located at I
elevation -47 ft, resulting in a final effective soit loading h
condition of 3100 hh per sq ft as compared to the existing , j
effective overburden pressures of 3300 lb per sq ft. 9tinor ' ,
tendencies of relesstion.or rebound will be absorbed within i

I F.the compacted granular backfill by frictional transfer. This
fill elli effectively equalize esisting pressures and all 3 .

g
{' t | }future loadings which may vary due to water table fluctuat- n

ions. A filter blanket of locally available compacted shell
h || [

Ie
3will be installed under the base of the foundation mat to act g,

as a pore pressure equalizer for the pleistocene clays . e, g g

1"1 I
'*

b) Design criteria have established a 1000 lb per sq ft overload .
over the existing effective soit pressures which may be applied g (only durlig the construction phase of the work. This is |, e= , p
primarily to malatain a margin of pressure below the pre- j eI ~

consolidation pressure of the materials with the louer OCR's. ' g

c) The enesvation of the recent depoetts, consisting of soft clays,
silts and sendo entending to approximate elevation -40 ft, and
subsequent escavation of the stiff pleistocene clays will result | | }

l' I r lin a heaving of the final exposed clay bearing strata amounting g

d ,

35 3 3 3 s a 3 =

(ass) unestMai
|4
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i to approstastely 6 te. over the escevation riod
e, eon''cou- -d d:-i=e h-e wn prope-d. ~ n ha- w"** 8 ** '" ** ** * " **" *" ' ** 4* * 8 8* * I** " I"* * "*"* ***

asjer portlen of the rebound util occur dur ; * fi a
-

~~u- suges a ti ,ienstoce.e a M established based or the soil properties determined from laboratory and fieldi
be achieved by excavat n.e --au- e o f uai- ~ais ~ c-ar-o- a the c-rae

. =ae pi--e.t i. de.ing in increment o a, ,,,b> ""' --
foundation such that it alatelsee the exposwee of the ottif elays at thet on e.,

gna ed e m ione o e et in a pre- metdetemined seguence to minimise heave * base of the foundation. In order to assure meiform pere preneure redistr N tion
la the clays beneath tk met, up- u1 Wing tk hwig syst , a Mter -

d) Sy conformies with the fleeting foundation s .

"#*"""* " "'** * * * " * " * " * * ** * * * " ***
j settlement of the Class I structures will b cent 8ned aesth the concrete est construction. In addittee as instr-eatetion system

. essentially to the recompressies reasM, our,ac: .*k"-- in -a- -n c-dai me -uu e-u- era- i-i- w~j that i
a ~ ~ a -eme.t o.a ti,e us n*' potete, pienemstere, observation welle, elope indicator type lastrumente;

perience due to rebound and heave. It is destrA l
. ,:Tas a, * construction period.)--ai-atiereccresesonee:,':.en,

- ai.-t -~a - - u- * -o- ~~u .!
- ao

The applied load $1mee th Hoedag Mati- empt will na We WhatM M
quence has been arranged with this particular sepect in

,,,,,,,,,, ,,4 ,,y ,,,,,,,,,,g , ,g g g essent ially t ake place during the con-
.

consideracles.
.

struction period, it can be concluded that very little, if any, long ters'

**" **" * * " **** *** "* * " * " * ** *
*)

By applytag a mesia- offsett,e leedtag of 4000 lb ";/; -u he ~ ~ i-a - -~~ mua-a a*i ~ den.* * == -mu t of memp-o- win take ,iace =* -t-u- phase. n e io g dia,,s. ,nue,,e,ed
graphically la Figure 3 shoue that f

per og ft hee been applied gr Irb f wh chany have already been placed and c * pudet m ined This paper has described fa some detail the so!! condittees at the
elevettens must be saturated la stages w vamfwd h. 3 she sa W mlueth M M Wath Man. - NWeyancy and pw egt applicatten of additieral t " *i I'*d* essential point to be made here is that leuclear ytant Structores are by

In perdeular, th miaMaig a %a'**-il .***** *E** * * * * * " " * ***
I* ****" "**I" ''"** * * ***

f) Series the seestreetten phase, a deusteri soite and founded- design.installed around the perimeter of the eac e ** *"' *1 loadiase to see*attel when rigorous requiremente meeg be metateined to en-"ad-~pege thee.sh semi-conti e,e ,g g, ,, ,ej'laywa in eure limited displacemente of interrelated foundettees and structures. This
the escewattee slepes, 3, ,gggg g,,, g,,p ,,t ia wH be loca* ettention has only been directed teuerd static considerations in this paper;
ted in the ellty sand straties entendt however, a careful and detailed dynamic analysis of both foundetton and'' ''elevation .77 gg to elevation .92 ft t , - the hydm* etructure have been comoidered.static preneure at this level,

~

A series of recharge melle will eleo be located around the
.i

parameter of the met foundetton entending through underlying
clays and esity sand stratum, it is concleded that the combina-
time of daunterias and recharge volts will provide additional

) control, if regelred, in minimising heave and recompression. .

Construction leedtag sequence has. been designed auch that the
mente- differential loading across the met does not exceed I1000 lb per og it. The addition of compacted granular back.
fill will eurcharge the foundatloa, thereby increasing
bearing capacity, and also oestet la control of deformatien.

..
l.g) Detailed lastrumsetetten, comeisting of electrical exteneo- '

metere, mechanical heave points, pore pressure pietometers >t
and settlement plates, will be saetalled to monitor heave
and recompreceios settlemene of the met foundation.

,

,

, e

'.

.

O
b

%

. . ,



i

I

1.

j* '

.

. |

|
s I

1

1

1

I

.

ATTACHMENT C

.

. - . - . - . _ . -, _ -. , y ,. _._, . -,- .



G W s N/2g- .

&i fi q J,/,,,, W .*

Foundation Movements - Prediction and Performance gg A. :
-

Las Depancemans de Fondsoons - in Pred cnon a rob =vaion

l.

J.L EMASZ cmsof Censumng Enemow. Ebssos savioso snowpassed. New Ywt
M.PAVONE Enroer, mesoo somose ines,persese, me. Yws

SYNOPSIS This paper addresses the accuracy of predicting foundation heave and settlear.nt
and evaluates the influe:.ce of changing construction activities on these predications. An ar'us1
case history will be presented in which foundation movements were computed during design en/. then
subsequently measured during construction. Compensating design modifications, during consts ;ction.
which minimised the influence of construction activities and obtained a closer agreement between pre-
dicted and actual measured foundation performances are also discussed.

The existence of soft to medium stiff clays at
1NTRODUCT10N e depth of thirty-eight asters indicated that

The case history utilised is a caspleted nuclear significant long term and differential settle-

power plant located on a deep soil site in the ments could be espected for heavily loaded struc-

southeast United States adjacent to the Mississ- tures founded on individual spread footings. To

appa River. In situ soil conditions consisted eliminate potential post-construction sett1 ment
considerations, the design concept utilised theof an upper fif teen meters of soft clays and

silty clays geologically categorised as necent large comon mat floating foundation shown on

asterial. Thas necent material was subsequently Figure 2.

excavated for the plant construction and replac-
ed with compacted send backfill. Seneath the
Recent material, located at a constant depth of
fifteen meters, is the foundation support stra- eamsven

-e6sstima, geologically categorised as Pleistocene
soil. The upper Pleastocene soil primarily con- ,,g6

. p.sesists of stiff clay to a depth of one hundred ****'*" /eacura66meters interrupted at a depth of thirty meters aw.' " ' ' ' * *
y .3. --by a dense silty sand stratum. Seneath the . , ,

gf'
'

Wstiff clays, a continuous dense sand is present
N'to a depth of at least one hundred fifty-five --- M O* "

meters (the depth penetrated by the deepest
| 8*""*" "'' '

boring) | esem

The typical subsurface profile is shown on
Figure 1. Fig. 2 Floating Foundation Sectional view

This concept resulted in effective vertical*.,%, ,,,, servu a

M * stresses at the met bearing level that are es-

g < r ,6aa,etO,7s sentia11y equal to pre-construction in situmacewt enavansai. w- e
stresses, thus precluding any long term settle-9p ' 0a

s.er v e,uv e si69, cu,e i6 se saae 6 sees e, Ja^ a - e monts,

i uo _e. * d* N*
pa.govocge.g soms . Il The cosmon met has dimensions 116 meters long by

compactes sa* S2 meters wide and is endedded two meters intosteer reeenaves cu, it

"' " y the Pleistocene soil which is approximately**
seventeen meters below grade (see Figures 1 and,, ,, , M

2).my em su, we 6v se
=vn c u ,-emmaa.c 3.

I
Ea a, e = ma g3 peggges,sgayg

,

l' " ' " ''' PREDICTED FOUNDATION MOVEMENTS '

vue, svare cuve wavi.
' 1L

. setts ano sanos Predicted foundation movements discussed herein*se are essentially limited to those that occurred
erase see

"
,

-

during construction of the plant. Since the de-y. .'.'

sign dictated that post-construction foundation, '~ s.=
'" effective stresses not exceed the in situ ef-factive stresses there were no predictions Pe4

Fag. 1 Subsurface Profile

4
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stratum from one boring as being representative
for long-team movements.

of the entire soil oo. usa..

|Is order to fully appreciate the oamplexity of
[ predicting sometruction-related foundation move- In performing the analysis ao long-term movement

maata for this project a brief discussion of the nas assumed to occur in the sands. It was also
ese med construction sequence and resulting of- assumed that these sand strata and the sand back-
factive stresses at the met bearing level will fill replacing the hacent material around the

be discussed. These ase med effective stresses plant structure would act as drainage layers dur-
as well as the assumed constructiam sequence are iag consolidation.

*" A Soussenesq stress distribution analysis was*

. performed to evaluate the reduction of vertical
, , , , , , , stress at the centers of each stratum due to the J- smaavatsam

== anat excavation.
ma matemassfF sWWWWIT .

.au.mIes'sNm *8u*.s**se['I" ""'''"
,

I
>==== anstessaST eLaG. a

Funk esasse6 ens skee.
amera wr os o )j

avse aosmosva ases o
|''(as s '

,3 ' 8 E.ae#_a o ,

- ,

i "' 00 '
g. g g g g g g g g, gg ,) g jtse g,,seyev, . . aae

g

!"100E %v Mii !
~~

* )on..n w ,
' I Fig. 4 Calculated Foundation peovements j

,

[ f
"" "

. Anticipated displacements were arrived at by0 '. .
,

6 0 8 12 18 as 30 first performing one-dimensional heave / settle-;

N ("* * *) ment analyses for total movenants. With these
values desarmined, a time-settlement analysis

Fig. 3 Assumed Foundation Stresses was then performed to determine the percentage
of the tots 1 movements that would be experienced

The in situ effective stress at the met bearing for the asstased construction schedule shown on
level was 158 kPa. With the completion of ex* Figure 3. Within this construction time period
cavation to the bottom of the met level (Time the displacements repressat approximately twenty |
T=0 months) this stress was assumed to become percent of the total calculated movements. i

sero. For the following construction period of ;

iapproximately sixteen months it was assumed that Simssarised on Figure 4 are the resclts of these
the various structural componenta as well as heave and settisment computations. The results !,

backfilling around the combined structure would indicate a foundation soil heave of 0.05 meters
be placed while the site remained dewatered, as a result of excavation followed by a recom-
This was to have resulted in an effective stress pression of 0.04 meters due to the placement of
of 192 kPa or a 34 kPa overload above in situ structural and backfill loads. This results in
conditions. The overload was to be maintained a not calculated foundation displacement 0.01
throughout a significant remaining portion of meters upward.
the construction until Time T=24 months through
careful manipulation cf buoyancy forces. The
intent of the overload period was to recompress
any heave of the foundation soils associated MEASURED FOUNDATION RESPONSE
with the initial escavation. The final effec-
tive stress magnitude of 140 kPs (10 kPa less To monitor and control foundation movements dur-
than in situl was assumed to occur 30 months ing construction and to implement the construc-
after the completion of escavation. tion loading criteria a comprehensive instru-

mentation program was implemented prior to the
The foundation conditions at the site were de- start of construction. Movements of the struc- 1

termined through an extensive boring and testing tures during construction were monitored from l

program, the resulta of which are generalised survey points on the common met as well as on ,

on Figure 1. Raoults of the horings performed each building as construction advanced. To mes- '

in the plant area during the investigation pro * sure foundation soil movement, nine Burros an- )
gram indicated that the subsurf ace profile was chor heave points were installed around the peri- ,

)

uniformly horisontal as indicated on Figure 1 fery of the structure and two estensameters vers
po it was therefore decided to utilise this installed beneath the structure. Twenty-seven
idealised profile in performing heave and set- piesometers were used to monitor piesometric
t1ement computations. pressures in the Recent material and in the

Pleisteceme sedimosta.
Several one-dimensional consolidation tests with 1

unlood-reload cycles were performed in each Presented ca Figure Se is a complete plot of |

stratum escluding the sand strata. The various actual measured foundation soil movements for
;

consolidation parameters from each test were re" the construction pertod. The plot is of heave
viewed and averaged for each stratum. Based on numbers N1 thru M4. These particular instru-

this review it was decided to utilise consolida- ments were shown because of their being repre-
tion teste performed on samples taken in each sentative and because they are the only devices

i
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Fig. Sb Actual Foundation Stresses'

t1%t were in place prior to the start of any maining excavation work (phase II) was started
construction activity and remained operative and continued until month 40. As a result, foun-

throughout the entire construction period. Also dation heaves increased to between 0.122 and
shown on Figure Sa is average movement experi- 0.244 meters. The coeunencement of concrete
enced by the structure and surrounding founda- placement and backfilling in month 38 resulted

in recompression of the heaves incurred during
tion soils.

"

Figure 5b shows the actual stress history ex- The overage heave readings at the alte were re-perienced at the mat bearing level which pro- compressed to their initial sero readings bydeced the measured movements in contrast to the
assumed strees history shown on Figure 3. month 55. The continued manism running of the

dowatering system until month 56 resulted in an
with the start of the phase 2 excavation the average controlled movement of the neave points
foundation materiale exhibited between 0.03 and to an average not settlement of 0.03 meters.
0.09 meters of heave. This heave was the re- subsequently the rate of settlement of these
sult of escavating 6 meters of asterial without heave points was reduced and further controlled
the beneficial effective stress balancing by by the throttling down of the dowatering system
site dowetering. With the subsequent start-up (designated on Figure Sb as the controlled re-
of dowatering, approminately 0.03 meters of tr.is charge phase). D e settlement rates were fur-
heave wee resempreseed. Bowever, the dowatering ther diminished throughout the recharge phase
system was not in operation long enough to bal- which lasted stil month 70 at ionich time the
ance the phase I escavation and therefore, the foundation movements virtually leveled off. The
release of tae dovetering system due to an un- poet-construction status of foundation movements
anticipated essee of cometructica sensed elas- sensiste of a met downward displacement which ,

tic foundation rebound to its predewatering averages 0.122 meters.
posities. The poet-shutdown heaves stabilised
and remained between 0.03 and 0.09 meters until
the reemption of full dovetering in month 24.
Between monthe 24 and 25 the dowatering system DISCUS 5IDW
was fully operative again and consequently, ap- The predicted post-escavation heave was initial-prominately 0.05 meters of previous foundation ly calculsted to be 0.05 meters occurring acrossheave was recompressed. In month 27, the re-
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the site followed by a nearly complete recom- saaewhat higher due to the recharge from thepression of this heave back to the ' sero" ini- adjacent Kississippi River.
.

tial position. Esperienced, however, was a two
[ to four fold increase of actual heave followed The overall met downward movement of 0.122by a semplete recompression of this heave and

. ultimately, an overall not downward displace- asters below the initial * sero" position was
ment of 0.122 meters, intentional, carefully controlled, and was the

result of revised thinking during construction.
These differences are attributed to several Since a considerably greater amount of heave
factors. In general, the predicted heave was than anticipated was esperienced,it was decided
based on an ase med uninterrupted excavation to maintain a completely dowatered site four
period of approximately five montha followed months longer than originally planned while con-

i by a rapid (thirty month) application of load on struction proceeded. This essentially overload-
the foundation soils as a result of construc- ed the foundation soils approximately 40 kPa.

It was felt that more control could be esercis-tion and backfill placement. The actual con- ed over the final leveling of foundation move-struction progress occurred over a considerably monts if the site was preconsolidated to anlonger period of approximately ninety months
including a twenty-four month interruption due overall not settlement position prior to re-

charging piesometric pressures. It was there-to project shut-down (see Figure 5bl. This un-
anticipated extended construction period allow- fore decided while the site was esperiencing
ed a considerably higher percentage of the ul- 0.03 meters of settlement (Time T = 56 months)
timate heave to occur. to start releasing the dewatering system. The

extent of the release was carefully coordinated
several more specific factors caused the pre- with further increases in the construction and

backfill loading so an overload was maintained,dicted movementa to be underestimated. As
previously discussed, the initial phase'I ex- but of continually escreasing angnitude until

Time T = 1g months. Beyond that tias>no furth-cavation, which consisted of removing 6 meters
of soil without the beneficial lowering of er settlement or heave was experienced at the
piesenetric levals, decreased the effective site, and in fact, the actual differential

settlement across the comon met never exceed-pressures at the met bearing level. The or19- ed 0.05 meters.inal predictions envisioned a, compensation of
effective pressures at the start of excavation ,,.7

by assuming a co:npletely operating dewatering -i
,

1

system prior to the start of excavation. This i

would have greatly reduced er even eliminated CONC 1,USION y - [ ,.
the actual heave associated with Phase 2 en- 1

cavation. The importance of maintaining and closely moni- '

toring a comprehensive instroentation system
is to be ephasized. The measurements wereAn additional reason for the higher-than-anti-

capated heaves, particularly during the Phase performed by qualified engineering technicians
II escavation, is felt to be attributed to the with a technical understanding of functioning

of the instroents. hn evaluation of the sea-i possible existence of thin continuous draina9e
seems of silty sandy soil in the 70-meter-thick surements immediately followed by engineers
predominately clay layer shown on Figure 1. thoroughly familiar wath the foundataon design

concept. A general frequency of monitoring theSilty sar.dy soils were encountered in some of instrumentation was continuously modified andthe borings but their occurrence was not con- increased to closely measure specific construc-clusive enough to assee that they formed con- tion activities,
tinuous drainage layers. It is reasoned that
if these apparent discontinuous seems were act-
ing as drains within a stratum that was assum- Performing heave / settlement calculations using

classic one-dimensional consolidation theoryed to have drainage only at the top and bottom, were imoortant as a oulde to the enoineer aMthe heave process would have been accelerated. provided a general appreciation of the rangeDuring the excavation time period a greater of movements to be expected. The magnitude ofpercentage of the ultimate heave than the the movements were within the range of the cal-twenty percent calculated would have occurred, culationer however, both the time-related con-perhaps on the order of seventy to eighty per- solidation and heave functions as well as thecent. drainage conditions were extremely difficult to
define,

negligible differential movements were pre-
Idieted for the entire site because excavation, The ultimate assurance that the foundation de-construction and piesometric effects were as- sign concept was being satisfied was through

sumed to act uniformly across the site. Sub- the ability to control tae physical enviren-
surface conditions were also assumed to be ment within which the system operated and to

[ laterally uniform. The higher differential a$just the foundation construction to meet the
heave experienced at the north end of the site intent of the design.
theave point M1) is attributed to the escave-
tion procedure which essentially handled the
asterial frem north to south as well as the
fact that the grade along the south, east and
west sides of the excavation was raised 1.5
meters for construction facilities. The north
side was not surcharged with the additional
fill which in essences permitted more heave
along the north. Additionally, the pieso-
metric pressures along the north were always

_
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COMPATIBILITY OF LARGE MAT DESIGN TO FOUNDATION CONDITIONS
' ''.

BY

J L ERASZ AND F C LIU
,

.

s,
SYNDPSIS

This paper aescribes the foundation conditions and settlement
considerations that dictated the coordinated analysis, design and
construction sequencing effort. It considers a design technique for
large structural mots on compressible foundations; establishes the in-
fluence of the chansina subsurface stiffness due to settlement, illus-
tates the redistribution of structural shears and moments within the!

foundation mat and considers the effects of foundation stiffness on
dynamic response.

IlfTRODUCTION

The Waterford Unit No. 3 power plant owned by Louisiana Power
I, and Light Company is being constructed in St. Charles yarish, on the

,

west bank of the Mississippi River about 20 miles west of New Orleans.
It is a 1165 ter FWR nuclear unit. The construction permit was issued
by the Atomic Energy Commission in November, 1974, and the plant is
scheduled for cosanarcial operation in early 1980.

' The plant is designed to have a Nuclear Plant Island Structure,
or a Combined Structure which will house all the seismic Class I
s tructures. The seismic Class I structures include the Reactor Building,

the Reactor Auxiliary Building, the Ftsel Bandling Building, and the
Essential Cooling System Structures. The Nuclear Plant Island Structure
is a rectangular box-like structure on a concrete est with the Reactor

i building located near the center, and other buildings located around the
reactor building. The teactor Building is a double containment structure

; 154 ft. in diameter and 250 ft. above the comon mat. The lower two
stories of the structure will be below final plant grade.

The Nuclear Plant Island Structure will be supported on a continuous
common met 270 ft. wide. 380 ft. long, and 12 ft. thick.. The est is -

supported on the Upper Pleistocene clays which underlie the site about
60 ft. below plant grade.

.

1

i

1. JLEhasa,SupervisingSoilsEngineer,IbascoServicesIncorpogaged, ,

2. P c Liu, Principal Engineer, Ebssco Services Incorporated, N.Y., N.Y.
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For the purpose of minimizing differential settlements between l
buildings as well as improving the dynamic structural response of the |

I structures, the combined structure is designed according to the floating )
'

foundation principle. It is designed to have sufficient buoyancy within
i

the soil to asintain soil bearing pressures on its common mat only slight-
ly greater than the pressure existing at that level prior to construction
of the structure.

: This paper describes the criteria used in the foundation design and
the structural design of the large concrete foundation mat. It discusses

sad illustrates the effects of variations in soil stiffness considered
to achieve static compatibility of the soil-structure system and also
considers the effects of soil stiffness on dynamic response.

: FOUNDATION DESIGN CONCEPTS

4 The foundation conditions at the site were determined through
an extensive and detailed boring and testing program. The subsurface
soil profile is generalised on Figure 1 together with the properties of
the various strata. The details of the investigation program and evaluation
of the various foundation alternatives considered are described in an earlierg
paper; however, the final foundation design concept and construction
sequencing are significant to the structural analysis and will therefore,

be further developed in this paper.

The existing soil conditions at the site are avaiusted in terms of
vertical effective stresses. These stresses are now in the order of
3,300 lb per sq ft. Figure 2 illustrates the various stress conditions

; during construction. Upon dowatering the stresses briefly go up to 6,750 lb
per sq ft. Bowever, at the end of the first construction stage upon com-

,
' pletion of excavation to the bottom of mat elevation the effective stress
! reduces to zero. Next, an intermediate stage of construction is illustrated

in which the effective stress at the bottom of the sat is equal to 4000 lb
per sq ft. This is due to the weight of the concrete structures with the
water table held at some level below the mat. The final stage illustrated

is the completed stage, with the buildings completed to the final elevation.
| the sand backfill completed, and the ground water table back to its initial

~

condition at elevation +8 ft. The final pressures are indicated. It can be
seen that the pressures should be 3100 lb per sq ft. This is 200 lb per

,

! sq ft. less than the existing effective soil pressures at the site.
1

I The other significant consideration for this foundstion design is the
' settlement induced in the deep soil column of relatively compressible

soils. Any considerable increase in effective soil pressure will cause
excessive consolidation of the foundation soils, this consideration has
led to the adoption of the " floating foundation" design as well as the con-
sideration of variable foundation soil stiffness for the structural design

I of the foundation unt.
i

1 Since this " floating foundation" concept involves the balancing ofi

| existing site soil pressures, a soil pressure time history diagram
|
,

! 1. Ehasz, J. and Radin, E., " Foundation Design of the Waterford Nuclear

| Plant,"

|
The 2nd Specialty Conference on Structural Design of Nuclear F1snt
Facilities, Chicago, December 1973.|-

|
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was developed and is illustrated in Figure 3. This figure details the soil
pressures at the bottom of the foundation mat. It begins with the existing |

,

/ soil pressure conditions and develops the pressures during the various phases'

of the work. After excavation, the pressures are reduced to zero. This is
analogous to the phase described earlier. During the concrete construction
phases, the pressures begin to increase and continue until a stress of 4000 lb
per sq ft. has been applied. This pressure has been determined to be the
maximum short term preload pressure that was desirable during reloading. This

was based on the reconsolidation characteristics of the soils and was deemed
to be a prudent value to maintain during the construction phase. In order
to keep the soil pressure at this level or below, the water table will be
allowed to rise in accordance with the predetermined plan as indicated in
Figure 3. This procedure will reduce the effective soil pressures and
maintain the effective pressures below the 4000 lb per sq ft level and en-
sure that the final effective pressures are established as described above.

Detailed construction phases have been given particularly close atten-
|tion. Each construction phase corresponds to the phase outlined on the afore-

mentioned soil pressure time history diagram. 'these phases allow for the
various construction features involved during each step of the work including

|

the sand backfilling, saturation of backfill and other construction aspects. |

In suimmary, the detailed foundation design has considered the follow-
ing principles, rationale and distinct features:

a) The base of the combined mat foundation will,be located at
elevation -47 ft. resulting in a final average effective soil lood-
ing condition Of 3100 lb per sq ft. as compared to the exist-
ing effective overburden pressures of 3300 lb per sq ft.
Minor tendencies Lf relaxation or rebound will be absorbed
within the compact:d granular backfill by frictional transfer.
This fill will effectively equalize existing pressures and
all future loadings which may vary due to water table
fluctuations. A compacted filter blanket of locally avail-
able shell will be installed under the base of the foundation
mat to act as a pore pressure equaliser for the Pleistocene
clays.

b) Design criteria have established a margin of overload
above the existing effective soil pressures which will
be applied only during the construction phase of the work.
This is primarily to maintain a margin of pressure below
the preconsolidation pressure of the materials with the
lower over-consolidation ratios.

c) The excavation of. the recent deposits, consisting of soft
clays, silts and sands extending to approximate elevation
-40 ft. and subsequent excavation of the stiff Pleistocene
clays will result in rebounding of the final exposed clay
bearing strata during the excavation period. The major
portion of the rebound will occur during the final ex-
cavation stages of the Pleistocene clays. Control will

s
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be achieved by excavating in increments and by rapid con-
*

crete placement in designated sections of the sat in a
predetermined sequence to minimise heave.

d) By conforming to the" floating foundation" principle, settle-'

ment of the Class I structures will be confined essentially
to the recompression range; that is, the range of the amount of
movement that the clay surface will experience due to rebound.
It is desirable to complete the major portion of the re-
compression settlement during the construction period. The
applied loading sequenct has been arranged with this particular
aspect in consideration.

e) By applying a maximum effective loading of 4Q00 lb ~per sq ft. the
major amount of recompression will take place during the construction
phase. The phase loading diagram illustrated graphically in
Figure 3 shows that, after a total load of 4000 lb per sq ft. has
been applied, the granular backfill which will already have been
placed and compactad to predetermined elevations, smist be
saturated in stages in order to achieve buoyancy and permit
application of additional total load.

f) Duriy the present construction phase, a dowatering system is
installed around the perimeter of the excavation to control
underseepage through semi-continuous silt and sand layers in
the excavation slopes. In addition, deep wells have been sunk
to the, silty sand stratum extending from appro~ximate elevation
-77 ft to elevation -92 ft to relieve the hydrostatic pressure
at this level and minimize heave of the Pleistocene clays.

A series of recharge wells will also be located around the
perimeter of the mat foundation extending to the filter blanket
below the mat. It is concluded that the combination of de-
watering and recharge wells will provide additional control, if
required, in minimizing heave and recompression respectively.
The construction loading sequence has been designed such that
the maximum differential loading across the met does not exceed
1000 lb per sq ft. The addition of compacted granular backfill
will surcharge the foundation, thereby increasing bearing
capacity, and also assist in control of deformation.

|

g) Detailed instrumentation, consisting of' electrical extenso-
meters, mechanical heave points, pore pressure piesometers
and settlement markers, are installed to monitor heave and
recompression settlement of the mat foundation. Since the

" floating foundation"will induce smaller soil pressures than |
,

now exist, and since any recompression will essentially take i

Iplace during the construction period, it can be concluded
'

that very little, if any, long term settlements will occur.
Any such settlements will be less than one inch and would be )
due to local pore pressure adjustments within the clays. j

|

l
I

t

|

|
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COISIMATION STauuunz MAT DESIGN-

.( As can be realised from the above described foundation design
conditions, all of the foundation bearing pressures induced by the
structure have been considered to be uniform, that is, the total
weight has been averaged across the entire base of the combination<

structure. There are only a few ways, in reality, that this condition
can exist with the unsymetrit layout of the various power plant structures.
The possibilities reduce to considering the structural met as being a.

completely rigid member, which would give uniform bearing pressures on any
foundation soil; or by considering the foundation soil as being soft and
yielding, which would also give uniform bearing pressures for any structural
mat. Obviously, the reality, lies sonswhere between these two extremes and
the actual bearing pressures and structural shears and soments are a function
of both the stiffness (rigidity) of foundation mat as well as how soft or
yielding the foundation soils are. The following discucsion describes the
details of the study involved in going from establishing the structural mat
thickness to the final design details of the structure.

THIC10tESS DETERMINATION

In order to proceed with the detailed model, described later. :the thickness of the foundation mat was studied with respect to foundation;

; soil and concrete mat stiffness. A simplified met model was developed, and'

the " EASE" finite element computer program was used. The mit was analysed as
a flat piste on elastic foundation, and the rigidity of superstructural system'

was not included. The finite element model was represented by 649 triangular
plate elements, 270 beam elements, and 365 node points. Beam elements were

|
i

introduced to input loads transmitted through the structural wall system i

supported by the mat. The subsoil flexibility was represented by vertical
springs at each node point, and they were calculated based on a constant soil
subgrade modulus. Two different soil subgrade moduli were studied each for'

a thickness of 10,12 and 15 feet.

The representive mat deflection curves, through the North-South
cross section for different mat thickness using two soil subgrade moduli
are shown in Figure 4 From the set deflection curves for the same soil
subgrade modulus, it was found that the mat did not behave as a rigid!.

; structure and that increasing the mat thickness from 10 to 15 ft had very
little effect on the relative rigidity. As the soil subgrade modulus was

; varied the magnitude of met deflection changed accordingly, but the general
pattern of deformation remains without significant change. The est thick-

! ness optimisation was based on the results of the est designed to the corres-
| ponding structural loadings. The 12 foot thickness which was finally chosen
1 uma an economic compromise between the cost of additional concrete to

eliminate shear reinforcing and provision of some shear reinforcing in'

local areas.

EDELING AND ANALYSIS racanIOUES

Once the elastic nature and the thickness of the mat were established
the effects of the elastic as well as the plastic nature of the foundation
sois were considered. Since interaction between the structure and the
foundation is sensitive to the structural stiffness, the modeling of the
system included the various buildings, walls and other structural components
above the mat level.,

;
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Due to the complexity of the structures which will be supportedc

( by the cossoon mat, the "STARDTNE" finite element computer program was'

chosen for the met stress analysis. The structure was represented by
an assembly of 643 beams, 2393 plates and 1087 nodes. The foundation
soil was represented by linear springs at every mode in the mat. The.

finite element model was designed to closely represent each part of
structure 71gidity together with load distribution, in order that the
stress and deformation of the mat could be analysed more accurately.
Model sispification was made where minor ' carry-over effects existed.
Structure calls which are directly supported by the mat, and floor slab
systems which are supported by the column and beam frame systems on the ,

| mat were modeled in detail with little or no simplification.
,

( The technique of utilising the effective foundation springs, rather
than the actual soil modulus of elasticity, was used to represent the
structural foundation support since the long term effects of consolida-
tion and settlement were considered. The initial subgrade modulus cas
calculated utilizing the elastic stress-strain characteristics from
1aboratory tests of the various soils as well as the geometry of the<

structure. The modulus was then adjusted to lower values in an iterative
process based upon the results of bearing ptassures and foundation settle-'

ment characteristics.

Tne analytical procedures were as follows: First the soil bearing
pressures and deflections were calculated utilizing the initial subgrade
modulus and considering it to be constant over the entire est area. -

Next, the stresses were plotted stid contours of equal stresses were con-
structed. These stress plots were utilised to adjust the subgrade modulus
to be used in the next iteration. This adjustment was made by comparing the

; induced bearing pressures with present effective stresses at the foundation
met elevation, and then calculating the settlement that would be caused by
the bearing pressures higher than the present stress conditions, and re-f

ducing the subgrade modulus accordingly. Thus, the modulus was varied
from place to place over the est crea and this procedure was used to iterate

|
the modulus until the resulting foundation bearing pressures were compatible

' with the anticipated settlements. The variations in bearing pressure con-
tours from the assumed rigid mat condition to the initial constant modulus
condition and then to the final variable modulus condition can be seen on
Figure 5.

,

As illustrated on the above plan of pressure contours as well as on
profiles A-A and 5-5 given oa Figure 6, the effects of the yielding'

foundation soils'can be recognised. This effect is one of forcing the,

'

coshined structure and mat to spread the loadings toward achieving a more
uniform pressure distribution that approaches the distribution given by the
rigid sat analysis also shown on Figure 6.,

i A particular concern in the design of such a large structural est is
the shear and bending requirements resulting from the redistribution of the
soil bearing pressures. As can be realized, from considering the effects

,

'

of yielding support beneath the sat, the losdings are spread to other areas
within the foundation, thereby, increasing the induced bending moments. As

4 .,
can be seen in Figure 7, the shears and moments within the met are redistributed

! as the foundation yields and the bearing pressures become more uniform. The
,

importance of the redistribution was observed and the stress changes due to
moment redistribution within the structural ant were on the order of a 20%

!

- _-
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increase in the more highly stressed areas when comparing the initial subgrade.

modulus and structural stiffases to the final iterated conditions; that is,
( concrete stresses increased from 1200 poi to 1400 pai. As can be realised from

the moment comparisons there were locations where the stress changes were in ex-
cess of 100% but these were in the less stressed areas and of little significance
to the design concerns. ,

i

In order to establish a conservative design for the structural mat, an
envelope of design shears and apasnts was established for the section studied
as indicated on Figure 8. This envelope covers all possible support conditions,
ranging from the stiffer support indicated in the initial subgrade modulus to
the coglete yielding case indicated by the rigid mat consideration.

DYMANIC ANAI,YSIS FOR gEISMIC w nINGS

The earthquake intensity was established for the site thmugh a detailed
study of the geology and seismology of the Gulf Coastal Plain in accordance
with the Reactor Site Criteria of the U.S. Atomic Energy Commission. A synthetic
acceleration time history was developed for the site and site soil column response
analysis were performed to establish the dynamic soils modulus and damping that
are compatible with the strains induced during the postulated seismic event.
These properties together with the structural characteristics of the buildings
were used to perform the dynamic analysis of the combined structure.

Motheastical Model

In order to establish the seismic loads of buildings supported by the conanon
mat, the Nuclear Plant Island Structure was modeled by a lump mass system. The j
model consisted of five individual cantilevers representing the Fuel Bandifng |

Building, Shield Building, the Containment vessel, the Internal Structure and
the Reactor Auxiliary Building, respectively. The five cantilevers are founded
on the same base which, in turn is supported by foundation springs. For vertical
and horizontal excitations, a two dimensional lung-mass spring system was used.

|

For torsional response analysis, a three dimensional lump-ases spring system
)

,

was used.'

The foundation springs utilised for the dynamic analysis were calculated
from the methods proposed by Whitman et. al. and incorporated the soil propertiest

,

obtained from field, laboratory and soil column response studies. Since the '

soil shear modulus and damping are strain dependant parameters the effective
; values were established from the strains induced by both the static and dynamic

considerations. Statistical methods of analysis were utilised to appreciate the
participation of the modulus throughout the time history analysis. Conservative

; ranges of soil moduli were studied to establish the response of the soil-structure
system.

Response Analysis

The structural dynamic analysis was based on the response spectra
developed for 5% 3 (OBE) and 10%g (DBG). The spectrum, acceleration and
displacement time histories for the lusp-mass model were analyzed using a
synthetic acceleration time history at the foundation base.

: Parametric studios were performed to determine the relative effects
of structural responses due to structure rigidity, and foundation spring'

constants. It was found that the foundation modulus influences a significant
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part of the structural response; the relative proportion of structure
deflection due to structure rigidity, translation and rocking eere approximate-
ly 5, 40, and 55% respectively.

By varying the magnitude of soil shear modulus in the dynamic analysis,
the maximum structure loads were established and used in the met design. The
maximum structure and soil displacements resulting from the dynamic analysis
were used to calculate the earthquake soil pressures used in the met stress
analysis.

The effects of the foundation stiffness on the seismic induced total shears
and moments at the mat levelcan be seen on Figure 9. The effective shear
modulus from the above studies was determined to be 1000 KSF. As can be seen,
both the total shear and moment increase rapidly with increasing foundation
stif fness to approximately G = 3000 KSF. Despite the fact that the soil modulus
was stiffer than it could ever be, in reality, this value was conservatively
used for the combined structure design.

Figure 10 shows the variation in response spectra for varying soil stiffness.
The marked shift and change in the acceleration floor response spectrum can be
seen to be quite significant.

-.

Figure 11 shows the consistent spectral shift and change at other floor
levels and structures within the combined structure. The higher floor levels
indicate higher peak accelerations at higher levels, but consistent spectral
shifts with changing foundation stiffness.

In order to maintain the consistent conservative design considerations
required by the Regulatory Agencies the parametric studies of foundation stiff-
ness were performed and conservative design envelopes for each building and
level within the combined structure (Figure 11) were develcped for the design
floor responses.

DESIGN AND CONSTRUCTION COORDINATION

The implementation of the design-construction condition was studied
very carefully to eliminate any overstress of the subsoil and to maintain not
stability from differential settlement and tilting, gach construction stage was
established to meet the requirements of the net and the allowable differential
soil bearing pressures. The critical path of the construction schedule was factor-
ed into the design considerations and step by step coordination was made to satis-
fy both design and construction. The excavation, concrete and backfill sequencing
as well as the effects of dewatering and recharging of groundwater, all have been
carefully planned as indicated earlier in Figure 3. In addition, the subsurface
and structure instrumentation have also been designed to ensure that the subsoils,
structure and construction sequencing will perform as planned and designed.

-

CONCLUSIONS

In conclusion, the design of large structural mets on soil foundations are
very much influenced by the relative stiffnesses of mat and its foundation. It

was shown that the realistic appraisal of the imposed bearing pressures must con-
sider the loading history of the foundation soils and the compatibility of the
foundation settlements as well as the construction sequencing toward completion.
The redistribution of structural shears and moments are significant to the design
considerations, and a conservative design envelope should be utilized to appreciate
the changing conditions during construction and redistribution phases of the
foundation soil and structure interaction.o

,
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1. FMLPOSE
*

The purpose of this report is to present the rationale for ERASCO's
|'

recosamendation that the maximum effective mat bearing pressure be increased |
i

from 4000 psf to 4500 psf durie.g construction. The original bearing pres-

.
sure of 4000 psf presented in the Waterford SES PS/JL will be accordingly up-
dated in the FSAR to 4500 psf.

.

, .
,

* ~ 2. AcoFE I
*

.
. . '

This report first provides background on the foundation design prin-
, ,

ciple utilized at Waterford. It then' presents predicted as well as measured
.

foundation response resulting from construction and accounts for any dis-
,

crepancies. The effect of the propo::ed pressure increase relative to mini-

mising the effects of these discrepancias is presented. Finally, the report.

discusses the effects of the increase from 4000 psf to 4500 psf maximum allow-
able bearing pressure. .

.

3. RECUSSION

3.1 Foundation Desien Backaround

Generally the foundation soils below E1.-40 at the Waterford site are

overconsolidated. The existence of the un1/ slightly overconsolidated
. Fleistocene clays at E1.-92 ft, indicat5 that significant long term and

differential settlements could be expected for structures founded on indi-

vidual spread footings. To eliminate differential and long term settlement
.

h
.

, ---.-rw- ..,y, . --.m-..---.--i_r, m,. .%--.. _ .w...,-,-._.n.-mo r.,. r=,,-m.,.-,m.www... -n., .-e.-- ,ww..v--.--.
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. comaiderations, all Class I structures were located on a common mat founda-
'

tion.'
.

The floating foundation principle was utilized with the combined

structure foundation applying an effective load to the bearing stratum

clays equal to the existing overburden pressure.

The soil conditions at the site were evaluated in terms of vertical

effective stresses. These original stresses were initially on the order

of 3300 lbs per sq foot at the mac bearing level. The effective strass
,

Ja defined as the total weight of the existing overburden soils minus the*

uplift due to groundwater pressure. The effective stress is considered

with the groundwater table at E1.+8 ft.
.

*
.

'

Upon completion of Excavation Phases I through IV, the effective.

stresses at the mac bearing level were reduced to O psf. During the

period of excavation and up to concrete placement the foundation soils re-

.

bounded or heaved in response to the relief of overburden stresses.
.

Presently, concrete placement has been in progress for more than a

year and backfilling is active. With this increasing load on the founda-

tion soils the rebound previously experienced is being compressed. The
.

-

achedule as presented in the PSAR allows for this effective loading to

reach 4000 psf or a 700 psf overload beyond the initial 3300 psf loading.

The objective of the overload is to accomplish the total recompression

during the construction period and minimise.or eliminate any post con-

struetion,setelements.
.

: o
.
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To maintain this maximum allowable effective bearing pressure a
'
'

procedure of throttling down the Jawatering system and possible pumping

into recharge wells has been planned and provided for. This release

of dewatering will result in increased buoyant or uplift forces acting

on the foundation soils as well as the concrete structure and sackfill

material. The introduction of buoyant forces will be controlled so that
i

additional construction and backfill loads are equally balanced with up-
|

lift.
Thus the maximum allowable bearing pressure can be maintained during

'

4

the construction period. '

~

'
.

.

\

At a construction stage, approximately 6 months prior to termination

of active construction and backfill imposed loads, the entire dewatering
.

system will be released. H is will result in a final effective bearing,

pressure of 3100 psf, slightly less than the initial 3300 psf. This 200 psfO .

reduction of effective pressure will preclude the possibility of having any

settlement considerations when the plant becomes operable.
.

|
,

3.2 Foundation Response .

3.2.1 Predicted Behavior

The foundation rebound or heave calculated during the PSAR prepara-

tion, to occur between the time of excavation and start of concrete place-

meat.was approximately 2 inches. This rebound was anticipated to be nearly )
recompressed at the tiwe the 4000 psf maximum allowable load was reached. {

'

Any further recompression would be controlled through manipulation of the

dowatering system and recharge wells.
.

U
i

.

so
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At the completion of construction with the groundwater back to its

Q initial position the foundation material will experience an effective stress

200 psf less than the initial effective stress experienced prior to construc-

tion. This slight and apparent " net unloading" was considered due to the

alight uncertainties' in total loading during the early design PSAR stage.

.

3.2.2 Measured Behavior

Refer to Figure No. I for an extended time plot of the foundation re-

eponse..

.

With t'he initial remeval of 20 feet of material in 1972 (Phase I ex-
*

,
*

.

esvation), the site experienced between 1.5 and 3.5 inches of haave. This

initial excavation was done without the benefit of the devatoring due to

. scheduling difficulties. This resulted in more heave than would have occurred

O if ta 4evatorine were overative. *a shown on risure no. 1. the offactive

during this Phase I' excavation reduced to 1200 psf very rapidlystresses
.

and initiated the rapid rebound of the foundation clays. With increase in

' effective stress due to installation and operation of the dewatering system
*

approximately 1 inch of this heave was recompressed. However, the dewater-

ing was net in operation long enough to balance the Phase I excavation and i

l

the release of the dewatering system due to the job shutdown esused elastic

focadation rebound to its pre-dewatered position naintaining this position

for two subsequent years.

.

.The dewatering was reinstated in November 1974. Due t.o the complete

on-off-on operation of the system the walls essentially were purged and

O
.

.

|

. . . . . . . . . . . . . .

._ _ _ _ _ . . _ . _ . . _ _ _ _ . _ . _ . . . _ . _ - _ . . _ _ _ _ . _ _ _ _ . _ _ . _ _ , _ . . _ _ _ _



_ _.

~

. . ... - _. .... . _ .
: . . , .

-

5..

. . , .
m*

*
.

became more effective consequently lowering the piezametric levels 15 feet I
;

ibelow their lowest 1972 position'. This additional piemometric drop ini-
|.
,

tiated further recompression of the foundation material.
!

l

I

With the exception of the north end of the site, the grade around

the excavation was raised approximately four feet which apparently in-

creased the compression of the dewatered site in all areas except on the
tnorth end.

.

.

1
. In Jinuary, 19M , the remainder of the excavation was started. As

a result, foundation heave readings increased to values between 4 inches

and 9 inches. The heave rate leveled with commencement of concrete place-
-

ment, reversed, and has been recompressing since. Presently, the heave

O i t== i $ t 2 i==* =4 5 i==* - |

~
<

.

!

3.2.3 Discrenancies |

-
1

It is evident in a comparison of predicted rebound verses actual

measured rebound that there is a 2 to 4 fold difference. These differ-
I

ences have been continuously monf.zored and evaluated during the construc- l
'

tion and do not seriously affect the design of the plant. Only the re-

compression phases of the foundation-soil system are affected and are
{l '

; presently being addressed.

|-

|

As described above. the initial excavation of 20 feet of soils with-

out lowering of piesometric levels decreased the effective pressures by

A
V \

, ,

'

.

.
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increasing the uplift on the foundation soils and caused more heave than j

calculated for the devatored excavation procedure. The original scheme !

envisioned a balanced effective' pressure system for.the Phase I excava-,

tion, which would have resulted in no' heave and potentially a settle-,

ment under the dewatered condition. This balance would have come about

by the increased weight of dewatered soil and the decreased pressure due

to Phas'e I excavation. When the dewatering was started the foundations

responded by recompressing; however, the short duration of the devatoring

prior to project shutdown'was not effective in recovering the heave. This .

long shutdown period simply allowed complete relaxation of soils to the
,

stress relief.
. -

4

-
.

The differential heave from 1.5" along the south to 3.5" along the !
"

l-north during the Phase I excavation is attributed to the excavation pro-
A

~ cedure which essentially handled the meterial from north to south as wellN./ -

as the fact that the grade along the south, east and west sides of the

excavation was raised four to five feet for construction facilities. The
north side was not surcharged with the additf onal fill which in essence

allowed more relaxation along the north. Additionally, the piesometric

pressures along the north are always somewhat higher due to the recharge

| from the Mississippi River. All of the above factors tend to increase the
,

i
heave potential of the north side of the excavation, as is the case seen

en Figure 1 for heave point El. I

e

|

The heave experienced, in excess of the 2 inches predicted, is felt !

.

. to be attributed to more rapid rebounding of the foundation clays than

i

.

|
. . . . ... ... . . . . .
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i
anticipated. Early calculations, formulated during the PSAR stage, con-

'

sidered that approximately 207, of the rebound would be realized during a -

!

10 to 12 month excavation phase. The actual asasurements indicated that I

; a more rapid rebound has been experienced, perhaps on ::he order of 70 cc

307,of full rebound, under the relaxed stresses of full excavation.

*
.

In order to ensure the full compression of this rebound, the founda-

, tion must be overloaded and controlled in order to minimize post construc- !

tion settlemens.
'

.v
. -

'

3.3 Justification of Increased Pressure
The fatent of increa3eing the allowable bearing pressure is twofold.

. .

It allows us to maintain a fully operative dewatering system while the tur- I

bine building backfilling continues and it further recompresses, at a fast-
O

er rate, the soil heave incurred during and subsequent to Phase I through
-

Phase IV excavation. The increase pressure will still adequately unintain

a factor of safety, against a bearing capacity failure in excess of 3.
.

Presently, the turbine building backfill is only at about E1.-25 OtsL). To

start throttling down the devatoring system and recharging through the wells

. would cause groundwater difficulties with backfill construction and possibly

. additional hesve of the insitu soil and backfill material in this area. -

To ensure the uninterrupted backfilling of the turbine biulding exca-

vation and still maintain the original 4000 psf allowable bearing pressure,

would restrict increases in anc pressures. This would result in serious and.

/% unnecessary curtailment of concrete placements in the ceabined structure.%/

- . - . . . . _ . . - - . - . . - - - - - . - _ - . _ - . - _ _ _ . . - - . . . - -
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The previously specified 4000 psf allowable bearing pressure was
.

<

.
i

a realised during the last week in March,1977, however, a significant,

~

portion of the highers than anticipated heave remains. Conveniently the
,

area of the largest heave is along the northern portion of the excava-
:

*

tion and is coincident with the area of anticipated bearing pressures

above 4000 psf. Thus, the additional loading resulting from a 4500 psf

limit will not only increase the rate of recompression but also has the
4

potential of reducing the differential heave experienced from north to
south along the excavation.

'
. .

Thus, an , increase in the allowable bearing pressure to 4500 psf
-

is justified in that it allows construction to proceed uninterrupted
.

on both the main plant island and the turbine building; it also affords

the opportunity of more efficiently recompressing the foundation heave

experienced, and thereby ensures the design intent.

.

, 4. RECOMENDATION

Based upon the actual foundation response and the above rationale
s.

and discussion, it is recomunended that the allowable effee,tive bearing

pressure be increased to 4500 psf. Presently it is anticipated that this

pressure will be adequate to recompress the foundation to its original

position or lower, as anticipated in the design; however, the effective

bearing pressures will be closely monitored and adjusted as necessary to
i

fulfill the design intent.
.

.

O
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REVIEW OF SITE SETH.EHENTS

1. PURPOSE i
l

The purpose of this report is to update the information presented

in the April 1977 report entitled Allowable Mat Bearing Pressure and to

discuss the most recent as well as the anticipated future plant area
;

settlements. |

,

)
:. 2. M

This report briefly stammarizes the information presented in the

O ^><t2 2'77 == ' ** di == ** >lant-related settlements with
'

respect to the turbine building and combined structure. The significant

changes in the dewatering system that affected plant settlements are also
highlighted.

The est recent foundation movements are discussed in sequence

from simple recompression of the post-excavation heave to a present condition

where a not settlement is being induced. A discussion of the not induced

settlement, to date, along with anticipated future movements restilting from

adds.ional ground water recharging is presented.

*

,

e

e

!

.

*
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3. - CONCLUSTON

d~
.

The settlement response of the combined structure is satisfactory.
.

Differential movements across the combined structure are acceptable and the

overall induced area settlement is proceeding uniformly. There are settle-
,

r

i

ments influencing the relationships between the turbine building and the

combined structure; however, this influence is being diminished as their

. settlement trends level off. A review of the additional induced settlement
s

and of the time-settlement response of both -structures indicates that their

settlement rates should reduce to negligible differences within the next

six to twelve months. This timing corresponds with complete recharge where-

by all piacometric surfaces will be allowed to return to their original
preconstruction level.

Thus, by inducing additional preconsolidation of the foundation

soils, the basic design concept and PSAR.cosaiLmeenL will be fulfilled since

the post construction settlements will be minimized and the differential
>

movements will be well within the design limits for interconnected piping
and conduits.
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{ 4. DISCUSSION

4.1 - BACKGROUND

Generally the foundation soils below EL -40 at the Waterford site are

overconsolidated. The existence of the only slightly overcensolidated

Pleistocene clays at EL -92 ft, indicated that significant long term and

differential settlements could be expected for structures faunded on

individual spread footings. To eliminate differential and long term

settlement considerations, all Class I structures were located on a cocanon

mat foundation. The floating foundation principle was utilized with the

combined structure foundation applying an effective load to the bearing

stratum clays equal to the original overburden pressure.

The soil conditions at the site were evaluated in terms of vertical

effective stresses. These original stresses were initially on the order
O'

of 3300 lbs per sq foot at the sat bearing level. During construction,

' this stress varied from 0 lbs per sq foot at the completion of Excavation

' Phase IV to approximately 4000 lbs per sq foot prior to hydrostatic

recharging through the filter blanket beneath the mat, refer to attached
Figure.

,

'

The application of these' stresses were carefully controlled by.

.

uniform concrete and back'ili placements and by allowing hydrostatic up-f
-

, . . .
-

lif t' pressures to rise End compensating for anp increase in pressure
'

beyond the maximum allowable sat bearing level overload.

'The reduction of stresses to zero 'from Excavation Phase IV resulted

in a subsequent heave in the plant area. In order to recompress this heave,

a mat bearing level overload of 700 lbs per sq foot more than the initial
) vertical pressure was specified (i.e. total vertical pressure of 4000 lbs per

i

sq foot). It was originally estimated that this overload would result in

efficient recoapression of the post-excavation heave. The site, however,

. _.. _ _ .___-.__-__ _ .._.____. ________.~.~ ___.__ _.. _ _. _ _ ._ ._-._ _._.__._ _.- -
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4. DISCUSEION (Cent'd)p.
* 4.1 gACKGROUND (Cont'd)

'

experienced several inches more heave than initially anticipated as was

discussed in the earlier report.

To compensate for the higher heave it was specified that the

naximum allowable concrete and backfill-imposed overload at the mat

bearing level be increased to 1200 lbs per sq foot for total wrtical

pressure of 4500 lbs per sq foot. Normal construction load increases

beyond this maximum allowable overload were compensated with an equal

amount of hydrostatic uplif t introduced by throttling down the, then

operating, devatering system and the implementation of the recharge
program.

The April 1977 report basically discussed the foundation responses

. (3 to date and it highlighted discrepancies between predicted and measured
,

plant area heave and settlement. Most importantly, it justified the

increase in the total vertical overload pressure from 4000 lbs per sq

foot to 4500 lbs per sq foot. The justification was based on allowing
-

construction to continue with a fully dewatered site. At that time, the

' turbine area backfill was approximately forty feet below finished plant

grade. Compensating for further increases in bearing pressures through
- ' reduced pumping and increased hydrostatic uplif t would have 'resulted in

.

ground voter difficulties and excess heave in the turbine area. It was

" therefore recommended to increase the maximum overload pressure'to 45.00 -lbs
, .

per sq foot through care; ally controlled concrete and backfill placement and
.

watar table draw down.

4.2- TUREINE Bt'II DI!!C I?TLIE'CE
%.

The turbine building foundation change from piles to spread footings

consisted of extending the excavation approximately 200 fact south and replacing
.

.

, . _ ..- _ _ . _ _ _ _ - - - - - - _ _ - - - - - - - - - - - - - - '' --
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4.2 TURBINE BUILDING I!FLUERICE (Chat'd),, ,

the insitu soft Recent alluvial material with compacted Class A backfill. The
. .

added weight of this asterial plus the turbine building mat pressures are being
#'

, transferred en the Pleistocene clays and silts. 1he combined action of these loads, f
*-

!

while not affectims the design lateral pressure distribution on the adjacent com-
,

bined structure wall, has resulted in continued settlement in this area. The

settlement trends for the turbine building have been faster than the common mat

structure. The initial rate of settlement for the turbine met was on the order

of 0.1 ft/ month during the active backfilling in the turbine area; the more recent
!

rates of settlement for the turbine area are on the order of 0.02 ft/ month which are i

comparable to the combined structure movements.

1hese differential movement rates were actually considered in setting

turbine area foundations. lihan the turbine building elevations were set, the re- l

farence point from the common mat was used and the turbine area benchmark was set
-

0.25 feet higher than planned. This difference was set to compensate' for the

faster rate of settlement in the turbine area due to the concurrent backfilling

operations and to effect a mini ==1 impact of the differential movements during
|

construction.. The intention was to maintain the design relative positions of,

interconnected piping and conduits.

Although this compensation for differential settlement rates was.bst-

ified, the downward curvaturs of the combined structure mat as described in section I

4.4 further exaggerated the conyansating effect of the higher setting such that,

the turbine area was actually set 0.5 feet above the south and of the combined

| structure, which is the area of interconnection between the turbine aM aux-

iliary building. With the higher settlement rate in the turbine building area,

the effect of differential elevation between the two structures is currently being
reduced. *

It is anticipated that the turbine building should continue to settle

for the next six months to one' year and that the present differential of 4-1/2s.

,

w - " . , - , , - - - - - - - - - , -- --, ,-c---- --, .-n.. --,,,-,-.,..m..-, ------.----------n -e--- . - - - - - -- - - - . - ,
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4.2 TURBINE BUILDING IlFLUENCE (Cont'd)
~

'

inches will be reduced to 4 inches.,,

4,3 IATEST SITE INSTRtmuTATION TRN- --

Refer to the attached figure for a sumery plot of the piesometer

readings and heave points (El through B4) to date. At the time of the April 1977
,

report E1 was still experiencing a heave of 0.4 feet, H2 and H3 were at approximately

0.1 foot heave and B4 was recompressed to the sexo position. The piesometers in,

!

the sand aquifer at Elevation -35 ft wars undergoing a rising trend due to ex-:

tensive backfilling; they were previously stabilized at Elevation -75 ft. Water

in the backfill was charging the dands through the slotted casing of the ptmp relief

wells. During this period, the rate of recompression was slowed considerably due

to the recharging by backfill water. In July 1977, larger pumps were added in the

pump relief wells resulting in a subsequent reduction in the piesometric levels

in the sands back to the Elevation -75 ft. position. Similarly, the foundation
O _,,

' movements began to recompress at a faster rate.
.

Starting in October 1977, with the effective bearing pressures at approx-

imately 4000 lbs per sq foot, the site dowatering recharge phase was implemented.

Se piesometric levels in the s. ands ha re been allowed to rise in a controlled

manner and are presently at Elevation -10 ft. In response to the recharging, the

plant area heave readings have undergone a reduced rate of settlement. These

readings are currently at approximately +0.1 ft for R1, -0.3 ft for E3 and -0.4

'ft for E2 and 54.

4.4- SITE SETILDElfr EVALUATION

The present settlement trend is such that the site has gone from a

recompression of the excavation-caused heave to a condition in which the area

.

is experiencing a not settlement beyond the initial " sero" position. This

s. net settlement, though not specifically addressed during the development of

the foundation design, does fulfill, the original design concept, namely

i
.. ---_.--- _ _ _ _ - - - - -
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4. DISCUSSION (Cont'd)
.

( 4.4
SITE SETTLENDIT EVALUATION (Cont'd) '

-

t
~~

ainimising post construction settlement. -

The- additional induced settlement or preconsolidation does not present
|

any structural concern regarding the integrity of the combined structure.
,

The

.important consideration is that the differential settlements ars =Inimized af ter

installation of the interconnected piping and conduit.
'

The settlement readings taken on the center strip #1 of the combined

structure mat indicate a total settlement to date of approximately 0.9 feet.

This settlement commenced when the site was in its anxime heave position.
*

While adjacent mat stripe have experienced overall settlements somewhat less

than the center strip these subsequently placed strips were set based on

strip #1 wideh resulted in a slightly curved mat surface due to the sequencing
of the sat placements.,

1

With the placement and, interconnection of the walls the combined

structure, as a unit, became somewhat rigid in its settlement response i.e.
'

higher settlements along the met edges. These higher edge settlements are

based relative to-an initial time being when the entire mat was interconnected.

To date, the maximum surface curvature between the center of the

common mat and any other point on the mat is 2.5 inches. This ==d ==

differential is between the center which is higher, and the south edge of the I

;

A similar comparison between the center and north edge gives a differentialmat.

of 1.5 inches. '

'

,

It must be pointed out that the. overall ==M== . curvature of 2.5 inches
|

occurs over a length of nearly 200 feet. This snount of differential movemeint

is slight with respect to the structure. In addition, the 2.5 inch differential
'

between the center and the south edge of the mat has been sequential in naturei A
|

-

due to the tin'ing of the mat placements. The maximum differential has also :

|

. - . . . _ . - . . . - . . - . . _ . . . - . . . - _ - - . - _ _ . . - - . - - . - . _ _ _ _ . . . - . _ _ _ - . . -
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4. DISCUSSION (Cont'd)
|

'(* 4.4 SITE SETTLEMENT EVALUATIO_N (Cont'd)
,

recentlyevaried between 2.0 inches and 2.5 inches depending on the concrete..

placements in the containment area. During periods of high yardage placement
; the differential was minimized.

The overall site settlement beyond the initial " sero" position poses

no serious concern. This overall movement is relatively uniform and within
*

., ,.. ,. .

,

the limits of the excavation and plant structures. The ==w4=um combined

structure settlement to date is approximately 0.9 feet. This mat settlement

has paralleled the site settlements as recorded by the heave points which have
4

moved from an average ==w4== heave of 0.5 f t to an average maximum not

settlement of 0.4 feet. These movements have occurred simultaneously.
,

The not settlement beyond the original " sero" position has been

induced by controlling the pierometric in the sands levels. At the time

of the April 1977 report the effective structural load at the mat bearing

surface (EL -47 ft MSL) was approaching 4000 lb per sq foot. In the

report we justified the increase in the allavable effective pressure to

4500 lbs per sq foot. Also, at that time, however, the piesometric pressure

in the shell filter layer beneath the mat began to rise. This rise was the

result of the filter being recharged from water in the backfill. The result

[ was a reduction in the overall effective vertical pressure at that bearing
' level (see attached figure for effective pressure plate). The piesometric

level in the Elevation -85 sands, however, still remained depressed. The

result.of these discontinuous piesometric profils is extended settlement
,

beneath the Elevation -85 sands due to the total weight structure and wet

backfill.

!
A.

,

|

|:
'
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4. DISCUSSION (Cont'd)
.

4.4
SITE SETTLEMENT EVALUATION (Cont'd)

,
,

*~

This difference between the two piesometric profiles has been *

substantially decreased to a present difference of 8 ft as a result of )

the controlled recharge program. With the elimination of this piesometric

pressure variation through complete recharge, the settlement rates as well

as the differential rates will level o,ff..

4.5
JUSTIFICATION OF PRESENT INDUCED SETTLEMENT

1

The overall induced settlement as measured by the heave points is 1

i

a result of the depressed piesometric pressure profiles. The perched
{

1

l

level in the shall filter blanket is above the level in the I
pressure

Elevation -85 sands due to the backfill water tending to recharge the soils
iabove the Pleistocene.

The result of this is a benefit which can be maintained |
1

O for the neat 6. months to one rear. o maine t < . the site in its , resentr

dewatered position, the induced settlement will continua and further pre-

consolidate the foundations to minimise future settlements. !

{
Any future settlement would not be the result of structural sat,

loading but would occur due to the weight of compacted backfill. Since

the backfill material is heavier than the Recent alluvial material, therei

is a not increase in overburden pressure in the backfilled areas. By

continuing with the present dewatering, the post-construction site settle-

ments will be minimized and within tolerable limits of the design.
|

.

l
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UNITED STATES *

',8 .. g NUCLEAR REGULATORY COMMISSION ' *

* ' E WASHINGTON, D. C. 20H6
7,, % .iss, / .
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July 14,1083

MEMORANDUM FOR: Richard C. DeYoung, Director
Office of Inspection and Enforcement

FROM: Mark W. Peranich, Chief
Construction Vendor, and Special Program Section
Reactor Construction Programs Branch
Division of Quality Assurance, Safeguards,

and Inspection Programs
Office of Inspection and Enforcement

SUBJECT: INQUIRY TEAM REPORT ON WATERFORD QA ALLEGATIONS

The enclosed Inquiry Team Report completes the action assigned by J. Sniezek's 1

1. marandum of June 21, 1983 on the matter of Waterford QA Allegations. It
-is forwarded for your further consideration.

I and other members of the Inquiry Team are available, if needed, to discuss
the contents of the enclosed report.

hdC Y MW
Mark W. Peranich, Chief
Construction, Vendor, and Special-

Program Section
Reactor Construction Programs Branch
Division of Quality Assurance, Safeguards,

and Inspection Programs
Office of Inspection and Enforcem:nt

Enclosure:
Inquiry Team Report

cc w/ enclosure:
-J. Sniezek
J. Taylor -

J. Collins, Region IV
B. Hayes, 01.
'J. Cumings DIA
R. Shewmaker
E. Johnson, Region IV
M. Peranich,

G. Mulley, CIA
E. Jordan

m
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INQUIRY TEAM REPORT WATERFORD QA ALLEGATIONS

'

The memorandum of June 21, 1983 from James Sniezek, Deputy Director, Office of

Inspection and Enforcement to Mark Peranich, Chief, Construction, Vendor and

Special Programs Section, Division of Quality Assurance, Safeguards and

Inspection Programs, assigned an Inquiry Team to interview Mr. Ron Ridenhour

about allegations forwarded with his letter of May 31, 1983 to James Joosten,

Technical Assistant to Commissioner Gilinsky. The Inquiry Team consisted of

Mark Peranich, IE, Team Leader; Robert Shewnaker IE, Sr. Civil-Structural

. Engineer; and Eric Johnson, RIV, Technical Assistant. Present at the interview

in addition to the Inquiry Team were George Mulley, Investigator, NRC Office

of Inspector and Auditor; Mr. Gary Esolen, Editor, Gambit Publications;

Mr. Ron Ridenhour,- free-lance reporter; and Mr. Brad Bagert, Esquire, Attorney

for Gambit Publications. The interview was tape recorded by Gambit

Psblications.

A sum.ary of the interview is provided in the Attachment 1. Memorandum,

George Mulley, Jr. (OIA) to James Cummings (OIA), dated July 6,1983. As

noted therein, the inquiry team held an interview with Mr. Esolen but was not

.given the opportuni.- to interview Mr. Ridenhour.

. ,

A second attempt was made to interview the alleger on June 29, 1983. A telephone
-

call was made to his residence at approximately 7:00 a.m. Mr. Ridenhour was
.

asked if he wished to meet separately with the Inquiry Team to discuss his
!

allegations. 'He indicated thic he did not. In response to the team leader's

question, Mr. Ridenhour believed it was appropriate for Mr. Esolen to take

. - , . _ __ _ . _ _ . _ . _ . _ _ _ . . _ _ . _ _ _ . _ _ _ _ . _ _ _ _ . _ . . _ . . . _ . _ . _ . . _ _
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the lead during the June 28, 1983 interview. He further explained that, as the

editor, Mr. Esolen played a significant role in the preparation of the published

Gambit articles forwarded to the NRC. In addition, Mr. Ridenhour did not feel

it was necessary for him to add or change any of the statements made by

Mr. Esolen regarding the issues that were identified for NRC followup.

The Inquiry Team met on June 29, 1983 to review the limited information acquired

during the interview on specific issues associated with the three main problem

. areas identified by Gambit. Based on this review and the team's review of the

published Gambit articles, the following issues were identified for followup to

address Gambit's allegations of three problem areas.

-1. Adequacy of Louisiana Power and Light (LP&L's) QA program during construc-

tion.

Related Issues

.

* Contractor turnover of four plant systems to LP&L with numerous

, deficiencies
|

* LP&L lack of knowledge whether its QA program was being implemented

* LP&L inaction in response to reconnendations from its independent
.

QA consultant

* Errors in design assumptions by LP&L's engineering contractor

. . __ _ _ - . _ _ . . - _ _
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2. QA program ' dispute between LP&L and Combustion Engineering (CE).

Related Issues

*
LP&L audit in 1974, noting that CE's QA program had not incorporated

the "new" QA requirements (Amendment 44, Gray Book)

*
EBASCO December 6,1976 audit of CE-identified problems with CE's<

system for records

*
Coon Wations between LP&L and CE

* Statements of LP&L, CE, and EBASCO individuals

3. Waterford Unit 3 comon basemat. I

Related Issues

* Cracking discovered in 1977 and 1983

* Leakage through cracking in basemat

* Errors in assumptions for design

- Sizing of dewatering pump

- SAR statement that ccanon baserat would be a " watertight barrier"

,

+,.,,A , , . , . - , . . . . , . . , .n- - - , ,-. , , -_ - , .,n,---,e .. ,-m.-,_n,,.-,,-,-----,ene, , ...m... e,-_,- ,-c.,,-,,-e--, ,.ne,-n,,-,, ,n_,--,.,,--
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. Observations - Waterford Unit 3 Site

The main purpose of the Inquiry Team's effort at the site was to observe
I

first hand the cracking and leaksge of water through the basemat. The
!

[ observations of the plant included (1) the equipment rooms where the new
.

cracking was discovered-in May 1983; (2) approximately 300* of the 360'
'

around the-shield building at the -35 ft level (i.e., top of basemat); and
I (3) all 360' of the floor of the annulus area between the shield building and

containment at El. -1.5 ft. Specific details of these observations are noted

by R. E. Shewmaker in Attachment 2. In sumary, the Inquiry Team observed

. apparent seepage of water on the surface of the comon basemat at various

locations around the shield building and in equipment rooms identified with

|. the May 1983 discovery of other cracking in the basemat. Examinations using

; an 8X magnifying lens at one equipment room location did not result in the

i visual identification of a " crack" or, after one hour, any additional seepage
!
; and collection of water into the excavated area prepared for these examinations.

With respect to the floor of the annulus area, water was observed in one

location; however, visual observations alone were not sufficient to determine
.

| the origin of the water (i.e., leakage from concrete below or entry of water
:

from above open areas). All observations were made by R. E. Shewmaker,

! M. W. Peranich and the NRC Resident Inspector, Les Constable.

The site visit also included general discussions with the Resident Inspector

regarding the problem of the cracking of the basemat and the identification

of a number of deficiencies in the four plant systems turned over to LP&L
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by an EBASCO contractor. Certain existing record documents relative to the
.

design of the common basemat were acquired for further examination after the

- visi t. . While at the site, the LP&L QA Manager was. asked to clarify the4

statement attributed to him in Gambit's published article that other cracks

and' water seepage have been discovered in the floor of the nuclear island from

time to time in the intervening years. The QA Manager believed he was referring i

to other cracks in the comon basemat outside the containment that probably,

occurred in 1977, but had not been observed until later. The Inquiry Team's

discussion with the QA Manager was preceded with the clarification that the

WRC effort at this time was an inquiry and not an inspection or investigation.

.

P200 sed Followup Actions

Based on the results of the Inquiry Team's interview with Gambit Publications

representatives, observations made at the Waterford Unit 3 site and the current

status of the team's review of existing documentation, the Inquiry Team

recomends that the following actions be taken for each problem area to fully
,

address the Gambit Publications allegations:,

! 1. In addition to reviews completed by the Inquiry Team of existing inspection

documentation, Region IV, or others as assigned, should perform a detailed

review of all documentation of inspections of LP&L, CE and EBASCO unique to

the Waterford 3 project during the 1974-1977 period. The review should

the extent the issues and actions noted below may have been pre-asses:

viously addressed. Where not adequately addressed by prior NRC inspection
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activities, the actions listed below are recommended for implementation.
'Bases for not completing the following actions should be documented.

2.. Adequacy of LP&L's QA program during construction.

a.- ' Issue Deficiencies in four systems turned over to LP&L-

4

Action - Complete review of all documentation associated with this

natter before and after issuance of the $20,000 fine.<

Review the reasons for a breakdown in the EBASCO con-

tractor's QA program; LP&L's part in the identification

of the deficiencies; and the adequacy of LP&L proposed

I corrective action.

.

Determine whether all systems to be turned over to the

licensee will be subject to the established corrective

action as well as the likelihood for possible deficiencies

to be identified by the EBASCO contractor before future

turnover of plant systems by EBASCO to LP&L. The ability
' of the LP&L QA audit of the turnover packages to identify

such deficiences should they not previously be identified

by the EBASCO contractor's QA program should be determined.

Also, conduct a review of the adequacy of the licensee's

corrective action implemented to this date.
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Assess whether the corrective action taken by LP&L and

.- EBASCO is sufficient to prevent the recurrence of a

breakdown in the EBASCO contractor's QA program. Also, j

assess whether the cause of the breakdown was detennined

to be limited to the " turnover phase" or applicable to
|

a longer phase of construction.

b. Issue LP&L did not know whether its QA program was being-

implemented
.

Action - Conduct a review of LP&L's QA program and implementation

relative to the measures established for LP&L to be

!- cognizant regarding the adequacy and status of program

implementation. Implementation review should cover the

1974-1977 time period and should include:
.

(1) Audits conducted by LP&L of CE and FBASCO.

(2) Audit conducted by EBASCO of CE and other EBASCO/

licensee contractors, the results of which were

formally reported to LP&L.

(3) LP&L review of audit reports and, if necessary,
' corrective action taken.

,-

.

~ . - _ . . . . _ . , - - _ _ _ . _ ~ _ . - _ . . ~ . _ _ . _ _ _ _ _ _ _ , _ _ _ . . _ _ _ . . . _ _ _ _ _ . . _ _ _ , - - _ . . , , _ _ . _ . _ - - - - - - _ - . _
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Determine, based on the results of the above reviews,

whether LP&L was knowledgeable of the adequacy and status

of the implementation of its QA program and, when necessary,

initiated appropris te corrective action.

c. Issue LP&L did not take appropriate action on independent QA-

consultant's recommendations.

Action - Conduct a review of consultant reports and of LP&L action

on the consultant's recommendations. Review QA program

description and conformance of LP&L's implementation of

the QA program in areas relating to consultant's

recommendations.

.

Determine if licensee was in compliance with the

QA program described in the SAR. If necessary, request

the assistance of the DQASIP Quality Assurance Branch

in arriving at a final determination of compliance.

d. Issue Errors in design assumptions by EBASCO.-

Action - As a part of the actions completed under item 4 below,

conduct an independent review of the adequacy of design
.

control applied for original design assumptions relative

to the sizing of the dewatering pumps and the water

- . - - . - . - - - - . - . . . . . _ - . _ _ . - . _ - _ - . - . - . - - . . - . . - - ,
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tightness of the connon basemat. Determine the adequacy

of the design process for that aspect of the design and thej

implications of the apparent need to change those design

assumptions on the adequacy of the overall design control

for the design of the common basemat and the watertight-

ness of underground structures. This independent review

should include examination of other design assumptions

relating to the area of design noted above.

3. QA program dispute between LP&L and CE
1

a.- Issue LP&L 1974 audit of CE found that CE was not in compliance-

with LP&L's "new" QA program connitments (Amendment 44)

,

EBASCO 1976 audit of CE-identified problems with CE compliance
'

with LP&L's "new" QA requirements for records.

Action (1) As inpet to the investigative aspects of this issue
.

(Action (2) below). perform the following inspection

activities. Examine the results of the LP&L 1974 audit

of CE and of the EBASCO 1976 audit of CE. Determine the
,

extent of the implication that audit findings show that

CE was not implementing licensee SAR QA Program connit-

ments during the 1974 -1976 time period. Examine

documents listed under question 18 of Gan6f t Publications

|
!
i

_ _ . - . _ . _ . _ . - _ _ - . . . ___ ___ ___ _______ _ _____ _ __ -
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correspondence dated April 4,1983. Specific reviews of

documents identified by question 18. d, e, i, k, q, s and

t is reconnended. To the extent necessary, interviews with

LP&L and CE representatives involved in the QA program

dispute between LP&L and CE should also be conducted to

clarify any statements or data recorded in the above-

referenced documentation.

Provide the Office of Investigations (01) the results of

these examinations along with a recommendation of which

issues nay require investigation.

Action (2) The Office of Investigation should review the results of

inspections conducted under Action (1) above and determine

whether an investigation is necessary to determine whether

LP&L or CE aisrepresented the extent of CE compliance with

the licensee's new QA Program commitments (Amendment 44).

Bases for not conducting an investigation should be

documented.

Action (3) In case either of the results of Actions (1) and (2) above

identifies that there was a period during 1974-1977 wher'e

CE's QA program substantially deviated from licensee'

SAR QA program commitments (Amendment 44) (i.e., after

appropriate time is allowed for LP&L promulgation and CE

- . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ ___-__
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implementation), the following additional items should be !

considered for followup.

(a) Whether the eventual action and followup initiated

by the licensee in resolving or addressing this

matter was sufficient to ensure that affected CE

design, procurement, manufacturing, and record

activities were re-evaluated and verified to have

been conducted and controlled, or otherwise corrected,

to be in compliance with licensee SAR QA program

cowedtments.

(b) Action taken by the licensee in evaluating whether the
'

shortcomings in CE's QA program were reportable under

10 CFR 50.55(e). ,

|

L
'

,

I

<

+------_+--v--____. - ___ -----__-w-___
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4. Waterford Ucit 3 common basemat

a. Issue Errors in assumptions of design pertaining to size of-

dewatering pumps and the SAR statement that the 12-ft-

thick common basemat would be a " watertight barrier"

b. - Issue - Cracking of common basemat discovered in 1977

.c. Issue - Cracking of comon basemat discovered in May 1983

d. Issue - Leakage through cracking in basemat

Action (1) The licensee shoald initiate an independent engineering

evaluation of the common basemat cracking and seepage

matters acted below. The use of a third-party consultant

with expertise in soils, groundwater, foundations, water-

related concrete structures (such as sanitary facilities),

corrosion, concrete behavior (including cracking and

concrete destructive and non-destructive test methods)

should be considered in completing the evaluation.
.

Action (2) The licensee should evaluate the current adequacy of all

facets of prior engineering and construction evaluations

and corrective actions with regard to the cracking and water

_. - - . . - . . - - - - - _ . . . . - - .
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seepage in the common basemat. The evaluation should,

address the cracking and seepage reported to the NPC in

1977 aad 1983 and of other cracking noted and recorded by

the licensee during the intervening and present time period,

and include consideration of

(a) Initial assumptions on the sizing of the relief well

Pumps.

.

(b) The assumption that the common basemat would be a

" watertight barrier".

(c) The potential that the water seepage through the

comon basemat has for reducing the ' cross-sectional

areas by corrosion of the ASTM A-615 reinforcer 2nt

steel of the met and the ASTM A-516 plate used in the

containment vessel.

(d) The immediate and long-term effect that all existing

conditions of cracking and leakage in the basemat

has on the original design concept and assumptions
.

of the plant.

.

Action (3) Pertinent factors such as the following should be

considered during the evaluation of metters to be addressed
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i

in Action (2) above.

(a) The survey of all cracks and seepage zones on the top

of the comon basemat at El. -35 ft and other
'

potential zones of discontinuity.

(b) Source of the seepage water on the top of the common

basemat.

(c) The physical and chemical properties of the basic

groundwater and variations that could be expected;

water seeping from the surface of the basemat;

and the solid deposits left on the surface of the

basemat from the seepage water.

(d) Prior evaluations on how to stop or control the
'

in-seepage.
.

(e) Priorevaluationsofallavailabledata(e.g.,piezo-
meter, settlement, loading, etc.) since Septewber

1977, which relates to the response of the common

basemat and provides a basis for describing the
,

behavior of the common basemat and establishing the

cause(s) of cracking,
,

m..._........
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Action (4) The licensee should complete action d. under item 2

(QA program) above for reviewing the overall adequacy

of design control for the comon basemat and water-

tightness of the underground structure.

<

Action (5) The licensee should provide the NRC with comprehensive

repeets related to the proposed and completed evaluation

of the cracking, seepage, corrosion potential, design

control, and necessary actions to ensure the proper behavior

of the comon basemat and the steel containment over the

life of the facility.

|

'

l
i

.
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July 6, 1983

.

MEMO *.ANDUM FOR: James J. Cummings, Director
Office of Inspector and Auditor

FROM: George A. Mulley Jr. , Investigato Q gr g"

Office of Inspector and Auditor ,-
.

i SUBJECT: WATERFORD QA
,

Or. June 28, 1983, at the Office of Gambit Publications, Inc., 921 Canal
Street, Suite 900, New Orleans, LA, I attended a conference regarding the QA
procram at Waterford SES, Unit 3. Participating from Gambit Publications we -
Ron Ridenhour, reporter; Gary Esolen, editor; and Brad Eagert, attorney.
Representing NRC wert Mark Peranich, Chief Construction, Vendor, and Speciai
Procran Section, Office of Inspection and Enforcement (I&E); Robert Shewmaker

2

:&E; Eric Johnson, Region IV; and cyself. This conference was arranged by
Feranich to obtain specific information from Gambit Publications regarding tt
concerns over the QA program at .Waterford raised by Ridenhour in recent Gamb-
news articles. My purpose at the conference was to solicit information from:

Gambit pertaining to alleged collusion between NRC and Louisiana Power and'

Light Company (LP&L) and alleged complicity of NRC in QA problems at. ,

Waterford.-

At the outset of the conference, Eselen stated that he would be the spokesma
Esolen also-

for Gambit and we would not be allowed to interview Ridenhour.
made it clear .that his newspaper was not in the business of providing-

information to outside agencies and that this instance would be no exceptior.;

Escien, in his introductory remarks, also stated that all the information tr|

Sambit was willing to provide had been printed and that NRC should investigaBagert, the!

the ;rchiets. already outlined in the newspaper articles.
9::crney, also expressed surprise that the inquiry team had decided to first
irterview Ridenheur instead of beginning the investigation at Waterford or

PSL. Eagert questioned my presence at the conference. Bagert opined, that
- as the only " investigator" sent by NRC, my investigaticn should be complete'Bagert-

. separate,from the investigation by other rembers of the NRC staff.
exclained that, although he meent no offense to the people present, Gambit

,

i

| Publications did not trust the motives of 3RC in asking for further
information about Waterford. Bagert and Esolen questioned whether NRC coulc|'
effectively investigate itself and ventured that NRC would use any informat'

'

Peranichprovided by Gambit to defend the QA prograns at Waterford.
repeatedly assured Esolen and Bagert that NRC's motive in seeking informatic(

from Gambit was to gather sufficient information to allow the team to ,

investigate in detail and with objectivity the specific concerns of Gambit.
In response to Esolen's request, Peranich read aloud the June 8,1983,
cenorandum from James K. Joosten to Richard C. DeYoung concerning

e

. .

.

I e
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Waterford QA. Esolen then sumarized the newspaper articles published by
- - Gambit pertaining to the problems at Waterford. He grouped the problems in-

three major categories: 1) overall QA program at Waterford by LP&L;
2). relationship between LP&L, EBASCO, and Combustion Engineering (CE) and, '

* scecific, the outcome of the contract dispute concerning w)ho was responsibitproblems with the !for the "new" costs of the QA program at Waterford; and 3
construction of the basement at Waterford. Esolen concluded the sumary by |'

s:ning that at this time that was all the information he was going to prov i
'

'

ccncerning Waterford and that Gambit's news articles would speak for
tr.emselves. Neither Esolen nor Bagert would confirm or deny that Gambit hat !

: any further information concerning Waterford. Bagert emphasized t, hat Garrhi !
- should not be considered uncooperative in this r,atter and 'that the newspape- |g

stood ready to assist in an investigation of Waterford. Even though.he did '
not wish to discuss the problems at Waterford during this conference, Esole-
stated that Gambit might be willing to provide information to a higher

- authority (Congressional comittee) or even NRC at a later date.

During the meeting Esolen questioned 'the team about the status of two Freec'

|
of Information Act (FOIA) recuests submitted by Gambit to NRC about two mon ,4

ago. Esolen and Bagert were disturbed that the requests had not yet been
honored. . The requests were for 1) all comunications between NRC and LP&L1

i regarding an NRC Inspection Report, dated December 6,1982, of Waterford.
specific, Gambit wanted to learn why a proposed $40,000 fine of LP&L was;

reduced to $20,000; 2) all Atomic Safety Licensing Board Panel (AStBP) doce
ments pertaining to Waterford 3. Peranich explained the workload involved
processing FOIA requests and the interplay between NRC and a licensee when
proposes a fine. These remarks were interpreted by Esolen and Bagert as be '
in defense of NRC and LP&L and indicative of the type of investigation NRC ' '
would conduct at Waterford.

, ,

. .

During the discussions betwe' n Peranich, Esolen and Bagert. I had the oppore
tunity on several occasions to ask the Gambit representatives for informati
indicating " collusion" or " complicity" between NRC and LP&L. Esolen told '

Peranich and me that he was " closing the door" at this time to any discussi
on this matter. When pressed for information to substantiate Gambit innuer '

,

cf collusion on the part of NRC with LP&L, Esolen stated that even the fac;
Gambit's FOIA requests had not yet been answered by NRC raised the possibi'.i

that NRC was trying to protect LP&L. Esolen refused to discuss this area ,

further except to say again he was not convinced that NRC could objectivel).

investigate itself. Esolen asked us for a mandate or. similar document tha:*

would guarantee an impartial and objective investigation of the facts and -
of the alleger. Although I explained the independent role of OIA, Esolen
would nct alter his position.

,
,

' The conference was concluded by Esolen who stated that although his newspa:-

:was not in the business of directing NRC investigations, he suggested that
team begin by developing information already published by Gambit. Esolen '

repeated that although he did not want to discuss Waterford problems durin;
the conference, he might be willing to provide information at a later date

,

a higher authority. Esolen then requested that after the meeting I accc ;i
him, Ridenhour, and Bagert to a separate office. In this office,, E(olen I

stated that he thought that I could conduct an objective investigation;
however, prior to him providing any information indicating collusion betue:
NRC and the licensee, he wanted assurances of my professionalism from some,

1

l' -

I

l
. _ _ . _ _ _ _ _ _ _ _ _ - _ _ _ . _ _ _



.

a ..

. , , .

-

cuiside of liRC. Esolen reonested I contact a :ersen of authority outside of -

'J.C ar.d have that person vouch for niy character to Escien. In specific,
Esolen wanted assurances that I could conduct an impartial and objective
ir.vestigation. With this request the meeting was concluded.

cc: M. Peranich, IE
- .
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Attachment 2

i

OBSERVATIONS - WATERFORD UNIT 3 SITE

The following observations were made during a site visit to the Waterford

facility on June 30, 1983.

In the auxiliary building at the top of the common basemat (El. -35 ft),

moisture was noted to have been permeating up from the basemat at several

locations, some of which had been noted in May 1983 oy the licensee in the

areas known as the waste gas compressor rooms, gas surge tank room, gas decay

tank room, and others that were identified by the senior NRC resident inspector

and the Inquiry Team fonned for the resolution of this question.,

Two temporary manholes (for construction during conduit and cable placement)

were c5 served. One was located near column line 12A between H and J and the ,

other near column line 1A between'J and K. These appeared not to have steel

liners and were examined to detennine if a source of water had also found a

path through to these areas of lesser basemat thickness. Theopenings(blockouts)

were approximately 6 ft wide x 6 ft long x an estimated 7 ft deep and contained

water to an unknown depth. No specific details related to crackir.g or water
! source could be obtained fron'the observation.

'-

,

In an area located generally southwest from a floor drain (FD) sump, near column

line 10A between K and L, a darkened zone approximately 5 ft long was observed

with several specific wet spots along with a buildup of material. This area was
,

m ,- r- >-,--m w-, n-.,m,mww+,r-wy---,,,,, -.-wwe m r m ,-m w-ww n w,w y -- - w m- - - ww w w,, - ,n -.yp- m -w
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identified earlier by the senior NRC resident inspector. The rough darkened

area was examined with an 8X eyeglass but no distinct crack could be observed

within the' zone. However, moisture and discoloration established a definite

- linear zone. perinitting distinctive visual recognition of a difference with

the surrounding area. No flowing water was observed, but it appeared that

moisture was present in the zone and seemed to be coming to the surface from;

within the basemat. This surface seemed to be the original finished concrete

surface of the comon basemat and did not appear to have a surface coating. The
:

adjacent FD sump (#6) was examined and found to be steel lined (as is typical

for FD sumps at El. -35 ft) and to contain water. The source of the water in

this sump could not be determined from the observations made.

'

In another location where seepage had been identified by the senior NRC resident
.

inspector, the conrnon basemat surface was coated with what was described as an
'

epoxy paint material. The moisture was located along a linear path (about

7 ft long) that appeared to be at the construction joint between block

plact. cent numbers 13B and 18. The moisture had broken through the epoxy paint

and was present on top of the surface along with a buildup of grey deposits of

material from 1/8' to 3/16-in. thick. The area of this observation was near
;

column line 5A between J and K along the door and into the south motor-driven

auxiliary feedwater pump room. Portions of the perineable zone extended westward
'

outside the room.

In May 1983, the licensee noted that three of the next four areas or room!! where

seepage was observed were areas of concrete cracks as evidenced by water s

'

i

l
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percolation to the surface of the connon basemat. These areas are generally

adjacent to one another and are located in the northwest corner of the auxiliary
building. In the gas surge tank room area there is a zone of seepage approxi-

mately 10 ft long running parallel to the L column line and passing beneath a i

!

2 ft 6 in, wall near the entry point to the room. In waste gas compressor 1

room "B", the licensee had chipped an area about 1/2 to 3/4 in. below the

epoxy-coated surface. This area approximately 12 in. x 15 in provided a

relatively " clean" but rough surface to view the zone of moisture. When

viewed with an 8X magnifying lens, no specific crack could be observed. The

approximately 6 ft zone tracked diagonally from the room's corner area to the

concrete mounting base of the compressor. There was also evidence of patching

at three locations on the side opposite the moisture zone. Repaired areas had

approd mate dimensions of 24 in. x 24 in., 12 in. x 12 in. and 12 in. x 8 in.

The NRC resident inspector had no infonnation readily available related to these ,

patch areas and there was insufficient time to dis, cuss them with the licensee.

In waste gas compressor room "A" another seepage zone was approximately 5 ft
ilong. The zone was oriented diagonally from a room corner to the base of the
|

compressor. Specific observations with an 8X magnifying lens were made. The'

moisture sources seemed to well up out of the concrete in distinct locations,
{

rupture the epoxy coating, and then build a small cone-shaped deposit of |

material assumed to be material that was dissolved in the water to fonn a
!
i

Isolution and was left as a result of the evaporatio.: of the water. One of the

small areas was examined. A 3/8-in.-diameter and 1/2-in.-deep hole was easily !

made around one of the seepage areas. This small " crater" was cleaned and dried |

|

I
<
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with paper towels and observed by three other NRC personnel. Approximately

one hour later, the same NRC engineers viewed this area and could detect no
'

discernible change in the moisture levels. In the doorway of gas decay tank

room "C", another seepage zone 4 ft long was observed. A new zone was found

at the base of the "C" gas decay tank along the northeast side. There was

considerable surface moisture in this area, but it could not be detennined

whether all the observed water was from the seepage zone or from another

source, such as that associated with ongoing flushing and testing of systems

or from rainwater.

Areas adjacent to the shield building and the containment at El. -35 ft were-

| visually observed over about 300* of the circumference. Along the northwest

quadrant of the base ring block of concrete (10 ft thick x 16 ft-10 in. high),
!
' which was placed as the base ring of the shield building, there were indications

i of water leakage in the past on the vertical faces (as evidenced by deposits of

probably calcium carbonates). At the junction with the consnon basemat at El.

-35 ft. there was evidence of the seepage zones as well as areas that appeared'

to have previously been seepage zones but were now dry. Areas in this

quadrant had surface water. and the source of the water could not be ascertained.-

An area perpendicular to the unll between colven lines IA and IM, which serves

as t'he wall of wet cooling tower A, showed evidence of seepage over a distance

. of approx 1'mately 4 ft to 5 ft.

In the southwest quadrant between columns 4A-N'and 5A-M, there was an area

adjacent to the shield building neer an electrical panel that seemed to have
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water actively seeping out from under the shield building. There also appeared

to be a buildup of material that had leaked out or had been deposited out

of solution as the water evaporated. This area may also represent a location
'

where there was a 1 ft-9 in. deep sump during construction.
'

t

In the southeast quadrant near column 9A-M, there appeared to be another area

of active water seepage from beneath the shield building. Also in this area,

there was an old zone of seepage with deposits present on the concrete

common basemat surface. No seepage was evident on the day of the inspection.

Observations were made in the annular space between the containment and the

shield building on the lowest level (-1.5 ft) to check for water and moisture:

along th'e top of the knuckle region of the steel containment. One area of

wetness was observed along the southern portion beginning about 6 ft west of

penetrations #66 and #71 and continuing for 12 to 15 ft westerly along the arc.

Tt.e ..ater was in the pocket of ethafoam cushion / flexible material, but it was

not possible to determine whether the water was coming from the fill concrete

Lelow or whether the water had come from above and collected in this region.

In all instances where water or moisture was observed that was clearly,

,

identifiable with seepage from the surface of the common basemat, no flow or

excessive buildup of water was noted.

!

i

!
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NOTE TO: M. Paranich. Team Leader, Waterford Inquiry

FROM: R. Shoumaker, Senior Civil Structural Engineer
;

SUBJECT: ADDITIONAL INFDRMATION

.

Enclosed are two documents both dated 7/7/83, which I prepared as a result of my
efforts on the Waterford Ingiry. Since we do not know which group in the NRC .

will be taking actions on aqr of the itms the Team recommended for follow up, I
belHve these two doceents may assist in assuring that the issues I defined
are considered.

Note that the expanded actions are correlated to the report draft of 7/8/83 and
not the final report as renumbered as a result of consolidation.

-

Bob Shawnaker. IE

Esclosures)
1. Expanded Actions on Common Mat
2. Opinions /Judgements DISTRIBUTION

IE Files
DEPER R/F
EGCB R/F
REShewnaker R/F !

t,REShewna ker
!

.

erress >' | |E[pCS! M.................................................................................J........................ . .

""'= >: R..ES. .....- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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.WATERFORD 3

EXPANDED ACTIONS ON COMMON MAT

July 7, 1983 ,

'

d'to these of the actions listed in the Team Report
.These numbers correspon '

t

and ' expand into specific Areas.

1. None

.

In executing the engineering evaluation the following items should be2.

included.
.

Consideration of the acceptability of the concept of stopping the ,

a.

water proofing membrane on the exterior of the common base mat
.

-generally at Elev. -37' and not extending it down and beneatn the

-mat.

.

Placement of lower waterstop in vertical construction joints betweenb..

mat blocks above the bottom reinforcing steel instead of below.
|

Consideration of the concepts.of the 1971 ACI Committee 350 Report.| c.

" Concrete Sanitary Engineering Structures", which recommends the
.

utilization of WSD and lowered allowables for concrete and reinforcing

steel stresses in order to assure water tight and chemically resistant%

.

Concrete construction.
~

.

.
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3. In :onducting a complete survey and examination of cracks, seepage zones

etc., the following items should be considered.

.

a. Use of sonic or other nondestructive methods to identify questionable

zoneI~ with regard to cracking and/or low density.

.

*

b. Grinding and polishing some zones for in-place microscopic
*

examination.

c. Use of cut samples which could be studied in a laboratory.

.

4. In the attempt to determine the source of the water a re-examination of

the procedures, records and actual details of the " elaborate methods"

taken to insure that borings and other preoperational features were

plugged should be completed.

'
-

.

5. .None
.

6. None
,
.

*

7. In the attempt to determine the change in cha'racter or build up of

deposits in the seepage zones petrographic examinat' ion techniques nay
.

'

be desirable.
I

l

8. In providing the evaluation related to the corrosion potential the licensee j

should gather all relevant data from the surrounding industrial facilities
.

.

- _

I
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ncluding their 3 fossil plants and the several chemical and petroleum ,,,i

facilities.
.

*

9. None
.

* .

. '

p

10. None .

Prior to embarking on the program to develop a report the licensee11.

should outline the total program and meet with the NRC in order to be

certain the program is adequate.p
'

> &' ,.

4. . $hewmaker, P.E.
Senior Civil-Structural Engineer. e

July 7, 1983

1
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WATERFORD 3

OPINIONS /JUDG''INTS
'

JULY 6, 19E3
.

1

The following statements are made based on my engineering, design, construction,

and' irs;ection, training and experience and the field observations rede at
~

Waterford 3 on 6/30/63. .'
.

.

1.. Original concept of the leak' tight, *" floating island" with a c:r. trolled

constructicn sequence and controlled ground water level was excellent.
.

2. Executicr. of the ccncept in the de' sign and er.gineerir.g phase, in ej

c;inien, by omiting waterproofing membrane as a-requirement over the entire

ce -i:ai peripheral face of the ccmmon at and also -he u-derside cf

the mat was not a conservative approach to achieving a " watertight barrier".
.

3. Executicr. of the concept in the design anc engineerir.; pr.ase, ir, ry opinien,

made the assumption that cracking or seepage would not occur through the

:: . or. baserat and shculd have conside ed tP.e corser.ative ,desig :ro-.

:e: ares as recc mended in a 1971 repor: by A;I :: mit se 250, er.ti-led,

'::9erete Sanitary Engineering Structures" te hel: assure this w:bic in

fact be the case. Relevant aspects of -his repert pr:vice re:cm endaticr.s

fer stru:tural design, materials, and c:nstructicn of structures used

to retain water and chemically ladened ater where dense, icpermeable

cercrete with high resistance to chemical attack and minimizec possi-

bility of cracking and permeability is desired. The report recommended '

use of WSD with lowered stress allowables for concrete and reinfgrcing

: steel which were not used for the Waterford 3 structure.
.

. l
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Execution of the concept deviated from the most cesireable conditions in'

.

the construction phase and allowed piezometric levels to rise 10 to 25'

in certain layers possibly causing reversal of flexure.in the common mat

and related cracking in the top surface.

.

5. !;o significant cracking associated with the current seepage zones has
.

occurred since mid-1977.

f. Some current seepage zones may have become active recently but it is most

likely that the zones have been active before and this was not recognized

cue' to the general debris, water, etc. on the Elevation -35 floor as a

result of heavy construction activity.

- 7. . Source of seepage is ground water.

B. The water source for seepage must be identified and seepage into the

' c: mon nat stopped if zones of seepage can be identified er it must be

establishec that controlled seepage will r.o result ir. de rimer.tal

cerrosien of reis. forcing steel or the steel containment.

'

ts.,

(C d
R. E. Si.ewmaker P.E.
Senior Civil-Structural Engineer
July 6, 1983

%
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