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Herzel H. E. Plaine,,Esq. frff[: - -

General Counsel 1 9
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

. Re: Docket No. 50-382, Louisiana Power &
Light Company (Waterford Steam Electric
Station, Unit 3)

Dear Mr. Plaine:

We recently received the attached letter from staff
counsel in this proceeding. It reveals the following
information.

Gunnar Harstead, a principal in Barstead-

- Engineering Associates, Inc. (HEA),
participated as a consultant-member of the
NRC staff's structural audit team at
Waterford in April 1981; the audit included
consideration of the foundation basemat.

- Harstead prepared notes in this regard and
provided them to the staff (I&E) in July 1983
as background material for the staff's
current assessment of basemat cracking and
water seepage.

The staff, through counsel (rather than by-

affidavit), disclaims'any reliance on the
,

work performed and notes provided by''

Harstead; it further points out that it
performed an independent structural audit of
applicant's analysis and design of the

'

basemat and is involved in a second such
assessment through Brookhaven National
Laboratory.

This information is noteworthy because applicant Louisiana
Power & Light Company (LP&L) hired HEA in the summer of 1983
to perform an evaluation of the adequacy of the basemat
following discovery of the cracking and water seepage and
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-the. filing of a motion to reopen the adjudicatory record on,

that-basis. In Louisiana Power & Light Co. (Waterford Steam
. Electric _ Station, Unit 3), ALA3-753, 18 NRC 1321 (1983) , we* -denied the motion to reopen, relying on HEA,'s 1983

evaluation for LP&L and the staff's audit of' relevant
analyses. .Now pending before us is a second or supplemental
..motionLto reopen that raises other concerns about the
Waterford basemat; .The staff's response to this motion is

idue1today'.-
e

We are concerned that Harstead's work on the structural
integrity of the Waterford-basemat as a consultant to both
the NRC staff and LP&L raises the possibility of a conflict

'

of' interest. -Our review of the pertinent NRC and Office of
as ' Personnel Management regulations and the limited facts.of
"A,M the situation available to us have provided no ready answer

- efor our. concern. See, e.g., 10 C.F.R. SS 0. 735-4 (c) , (d),-

'

(e) ; 10 C.F. R. oSS .0. 735-26 (a) , (e) ; 10 C.F.R. S 0.735.27;
5-C.F.R. Part 737. Indeed, we make no judgment as to the
existence vel non-of any prohibited conflict. We would,
however, appreciate your advice and inquiry into the,

circumstances of this matter as promptly as possible. Thank
y; _ youtfor your assistance.

(. Sincerely,
w

e

4 Christine N. Ko 1, Chairman
.

-Y | ,

W. Reed Johnson
.g

-
' Swt 1,

7
Howard A. Wilber
Atomic Safety and Licensing

' Appeal Board for the
p Waterford proceeding
6 -

DAttachment~'
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cc: - Carole'' H . Burstein, Esq.
Bruce' Churchill, Esq.
'.Sherwin.E. Turk, Esq.
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In the Matter of-

e

,

~

LOUISIANA POWER AND LIGHT COMPANY-

- _ _ 1(Waterford Steam Electric Station, Unit 3)
Docket No. 50-382'

.g

L : Dear? Members of;the. Appeal Board:
3_.

'

1Certain1 facts have come to my attention during the past~ few days, concern-
EingiHarstead Engineering Associates, Inc., consultant on base mat issues to
ELouisian'a: Power & < light Company (LP&L), as ~ to which you should be advised.

,

( % 3ihstb Mr.L Gunnar Harstead. (HEA Principal)' participated as a member of the
- M ;NRCEStaff's structural audit team during a one-week structural audit per-

< formed;by;the Staft at the Waterford facility in April 1981; this audit.

6 ? appears-to have/ involved all Category I structures, and included consider-
.Mtionlof-the-foundation base mat. To the best of my knowledge, Mr. Harstead

,'~ Jserved asia. consultant to the' Staff's structural' audit team and has not been
, Dinvolved ' subsequently in ~ the Staff's reviews of the Waterford application.

~LMr NHarstead prepared-notes in this regard, which he provided in July 1983,

LtoJa! member of the Office'of Inspection and Enforcement's Inquiry Team as''

ibackground; material related to the Inquiry Team's assessment of base mat
cracking;and. water. seepage; a' copy of those notes is attached to this letter.

# S$cors'Mr. Harstead has continued to provide consulting services to the*

15taff until veryErecently. and may be continuing to do so, in connection
j withiother facilities. These-services were provided under a personal ser-
N vices contract which, I am informed, expired on June 30, 1984. As far as

;I have been able to' ascertain,. these services were provided in connection
' iwith'the Staff's review of the Midland, Seabrook, Byron, and River Bend

. applications, 'and it is possible that other facilities were involved, as<

:well.

/n ep n % , n o
'
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While we believe that these facts should be brought to your attention, we
'do;not-consider that-they affect the Staff's review of the Waterford base
mat or the Appeal Board's determinations in this proceeding. First, the

11&E Inquiry _ Team did not place any reliance on the work performed or the
notes provided by Mr. Harstead; on the contrary, the Inquiry Team identified,

various concerns related to the base mat anc recommended that LP&L undertake'

_ aicomprehensive independent evaluation in order to resolve those concerns.-

~'"(See BoardLNotification BN-83-133, September 15,1983). In addition,
~Dr.1 John Ma, ~ whose affidavit was submitted to the Appeal Board in November
1983,;performtd an independent structural audit of LP&L's analysis and
-design of the foundation base mat in support of his conclusions as to the
base mat's adequacy ~. .(See Affidavit of John S. Ma, filed November 28, 1983,
{at.1-2). Further, the Staff has now performed a second assessment of base
mat adequacy in light of the cracking that has been discovered, the results
tyf _which.will be forwarded to the Appeal Board on August 7,1984. This
most recent assessment of the base mat relies to a significant extent on
an independent evaluation prepared by the Structural Analysis Divis. ion of-

:the- Shookhaven-National Laboratory, whose efforts are unaffected by any
- ; relationship between the Staff:and Mr. Harstead.

"I regret that these, facts were not brought to your attention sooner.
LHowever, as1 discussed above, the Staff does not consider that they
affect the Staff's review efforts or-the Appeal Board's determina-
tions.in this proceeding.

:

Sincerely,

YhDS YR
Sherwin E. Turk
Deputy Assistant Chief -

-

Hearing Counsel''

,

LAttachment: As Stated

icci See Page 3

-
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hN ..cci: Sheldon J. Wolfe, Esq. Docketing and Service Section
~

.Dr. - Walter H. Jordan'

'
.

-Dr. Harry Foreman l,.

E.JBlake, Esq. B. . Churchill, Esq.
_

.

: Luke B. Fontana,-Esq. Malcolm Stevenson, Esq.
'Mr. - Gary L. Groesen Ian Douglas Lindsey, Esq.'-

- - Brian P. Cassidy William J. Guste, Jr., Esq.W NCarole-H. Burstein, Esq. Atomic ~ Safety and Licensing-
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111 0 Introduction

Aiweek long structural audit was conducted for the Waterford
, 3fNuclear. 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
,

- 1The audit covers the structural design criteria and design
jprocedures used in the design. The information contained herein
juas supplied by Ebasco personnel.a,

2.0 Ge'nera'l . 'De s c ric tiion-

'All Seismic Category I suildings and Structures are located
.onca' common mat. .The containment st.7ucture is a steel vessel
fonclosed with the' reactor shield building. A four foot annulus*

was provided.between the-cylinders of the steel containment
Cnd'the reinforced concrete shield building.

The~ stated reaten for buildings on a single. mat was to avoid
'the possibility of significant differential settlement of the
' buildings.

-
.

Geotechnical Investication13 . 0.

The geotechnical work was performed by LAW Engineering. Field
-

' testing consisted of determining shear wave velocities by means
??J 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
citenrespons% spectrum used is lower than that required by NRC

yyReg.~ Guide 1.60; 'however, the spectrum calculated from the arti-
(ficialTground' motion generally exceeds that required by NRC Reg.
Guide' 1.60. Where the calculated spectrum is below that required

gy','|byfNRCLReg.' Guide 1.60 the difference. does not appear to be s'ignif-
icant. ,

*

4.0' Mat Design -
-

*

TheLstructural mat is~12'-0" thick and has been termed as a
" floating". foundation mat.' - The term floating is; however, 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
coil. The construction and design concept of the mat was described
os follows:s

: 1~. The in-situ soil pressure at El. 47'-0" is 3.3 KSF
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This will consolidate the soil."El. 47'-0" to 6.5.KSF.
.

'

,~.
..

'
~

13 . , The " site is excav ated . to El . 4 7 '-0" and constuctionq
- croceedsa.

,

1 3 4 .' -The1 dead Lloadfincreases pressure to. about 4 KSF. Additional
s 7 dead;1oad'is-counterbalanced by gra. dually lessen,ing the

dewatering. A constant soil pressure of about 4 KSF was
wJmaintained during construction.- "

$5.. Upon1 completion of the* construction and removal of
idewatering thes oil' bearing pressure is 3.1 KSF. -s

L6.. ' TheDf actithet the . final net ' soil bearing pressure at
+ iEl.?47 '--0" risD3.1 KSF1 compared to in-situ soil bearing

;c - :oressure of 3.3LKSF gave rise ~to:the floating mat tenn-
m ,' Linology.
%
TJ'~ - 17. -EvenEdurinc'the maximum flood there remains a net
O% Jso,il; bearing ; pressure at El. 47'-0"-. ensuring that the,

: plantiwill not: float ~down the Mississippi River.

,Thefanalysis of the mat' was performed using a finite element..'

,

iprogram. Thenstiffening: effects of shear' walls was included in the#

haodel. 'TwoDcases we3e examined, one, using a constant subgrade
.~~[ modulus:jffl50lb/in ', andtwo,Jwherethesubgrademoguluswas,(70 fib /in within-the reactor.' building area, 110 lb/in surrouding

g 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-
'' '

7
rmentaliassumption of:a rigid mat analysis is that the~ soil bearing
< pressure is uniform. The moments t and shears in- the mat are cale-

-

culated.for both:3.r.c~ applied dead and live loads and the uniform
.soi1Hbearing pressuz;e. This method generally -leads to conservative
=results.

Therefore, three .=ets of results' were obtained for the mat.
' The mat was reinforced for moment and shear-for the envelope.of -

~

-

fthese'three' sets'~of:results,
,

n

.5.0/ Dvnamic Analysis

L 5 fl. Mathematical Model
'5.1.1.JEbasco Model -

The model is one that is usually refered to as a stick model,
' i.'e.11 umped masses connected by massless springs. Five cantilevers
represent the containment vessel, Reactor Shield Building, Fuel .,

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_m
^ ~ ct any other point and they are all located at the same vertical

exis . -
The' base. mat is attached to the rigid base by means of soil

,

eprings.. These spring constants are dependent upon the Soil shear'

Modulus and geometry of the base mat. The formulas are taken from
: 'standardfreferences. Due to uncertainity of the soil spring
_



-

.,
. *<- y,

&
'

.

+.

.

calculation runs were made with three sers, spring constants based
upon of soil Shear Modulii of 5800, 800, and 16050 psi.

55.'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
cecentricity of each cantilever to the shear center of the soil
cprings, a model was prepared taking these eccentricities into-

cccount. This introduces a torsional degree of freedom for the
mode 1.-

No torsional soil spring was added;
freedom'did not appear.

~ therefore, this degree of

: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 bv

~

Law Engineering, the system is still somewhat flexible.. The funda-
mental period, T, equals 0.6 seconds,'which is not within- the peak
'ccceleration 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

,

whichiwill exceed.the specified spectra of Reg. Guide. 1.60.
L

.

A comparison of the two runs indicated by resulting accelerations
at selected mass points were in the same 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
dchieved. Even though the exterior walls do provide a structural. tie
'between the Fuel Building and Auxiliary Buildin.g, this was not accounted
.for:in the'model.

5 .'l .- 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 epring
End a rocking spring. A study of the mode shapes of the Ebasco
program didn't seem to exhibit this type of respense. However,
atudies of the mode shapes from the computer ou'.put print out was
fComewhatEunwieldy, plots of mode shapes are recommended.

,

.
"

b. Earthquale combinations
Earthquake motions were considered independently as follows:

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 mot' ion

L - did no_t-i _nclude horizontal degree of freedom. Both models '.ncluded
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i - I2/3YEfthechorizontalacceleration,~

b,
.- In.the< structural design of the plant, the "g" loads calculated

~~

. ifrom eachcearthquake^ direction are applied independently in. order
<+ - to calculate: stressesf oristress resultants, which are combined as7
"

'the: absolute sum-of the N-S direction and-vertical and then the[E-Wjdirection and vertical."

~ ;5.1.5L Discussion of.Subcrade Kodulus and Vertical ~ Soil Spring
Thefsubgrade: modulus was used in.the static analysis of the

nmat, whilefthe vertical soil spring was used in the. dynamic analvsis
' offthe1 earthquake ~.L

~ -

?An'Ebasco representative contended'that there was no relation-
- Echip'betweenEthese'two parameters. In the . static analysis the soil

stiffness ;was represented in the classic treatment referred to as
Ja1 Wink 1cf Sprin.g, except. modified to place linear vertical springs'

N lht mode cointsJrather than. uniform as in the classical treetment. -'

YThe vertical spring for-the dynamic analysis'is'refered to in numerous.
: tests and-papers,- The basic formulation is presented by Timoshenko.:

-VandLGere for:a disk on'an elastic half-space. Inasmuch as this
,

: formulation is static-rather-than dynamic, a consideration of the two
parameters; representing-vertical-soil stiffness is indeed appropriate.
LThe" indications.are that'the two parameters representing vertical-

'

coilfstiffnesssis-indeed appropriate. The indications are that the,

coilastiffness;is n.uch more flexible in the dynamic analysis than in
'

;": the static' analysis 6f-the mat.
If one assumes that the subgrade modulus of 100 psi is too'

~;ctiff,Uit=isilikely that~the moment'and shear results would fall
comewhere between-the results for the subgrade modulus of 100 pei.

'and#thelresults of the rigid analysis. Therefore, these results
Lwill fall.within design' envelops.

|IfLthe soil spring for the dynamic analysis were stiffer,
the fundamental period would' decrease,'however, since one of the
?threelvalues'of soil shear modulus was very close to the peak and

-

*

Ethe change would'not be very great.- *

Due to the . conservatism of the mat -design and the fact that
'

Ltheicalculated fundamental period is 0.6 seconds, it appears that
.

(the value(of soil stiffness-is not sensitive,
'

15.1.6 Damoino values
,

The values-for: structural damping are less than those.speci-
'fied in Reg. 4uide 1.61 and the soil damping value were selected as
' 7. 5 % . - Th'is value of soil damping is much less than values generally
crocomme,nded for soik structure interaction analyses.

5;1. 7f Hydr'odynamic Soil- Ef fects '
-

The. soil hydrodynamic effects were ignored which is. general
oractise. In general, the neglect of hydrodynamic soil effects is
conservative; however, the fundamental ocriod will be effected.
B2cause one of the assumed va, lues of Soil Shear Modulus was verv̂

|'
close to' the peaku rance -(Reg. Guide 1. 60) , the seismic analysis is
considered-to be'conservatie.,

The. peak ground seismic acceleration for design is 0.05g and
0.10g for OBE.and DBE respectively. The artificial ground spectrum
dcvelopedL by LAW Engineering, was for 20 seconds using an interval

c Lof 0.01' seconds. The record was not base line corrected. Base line
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?:6 -5.1;8* Nasonarv Walls
JNo Seismic Catecory I equipment or' structures are suoported' '

~on(masonaryEwalls-and--it has been determined that these walls will
snoticollapsetunder.DBE.- (i.e. SSE) ,

--

%:.

6. 0; Reactor Shield' Building

LThis-b'ilding consists of'a cylinder of a48' 5 with wallsu
3'0"othick:and a scherical dome 2'6" thick of radius 112'0". The' "

:bnsic reinforcing pattern is ill @ 12" o-c, E.F., E.W. This
9 2roinforcementEis q'reater than that for the reactor building for

[theJSt. Lucia nuclear 2 power plant, which was designed for tornadon

Dmissiles'.

7.0 Reactor'' Containment Shell
-The containment-vessel was designed and fabricated by CB&I in4'

Tcccordance with ASME:Sec.JIII',~ Subsection NE 1971 updated by 1972
iwinteraaddendaI. 'The Material is ASTMA 516 Grade 70. The thickness~

lof4theicylinder is approximately 2". Post-weld heat treatment was
foppliedEafter thefentire vess'el was erected by heating the interior.
'by:meanstoftheat applied at the penetrations. The design pressure

,

fict+39.63psic and -0;15psig. The majo'r penetrations are as follows:-

:
Construction Hatch 32'-0" %

' Maintenance Hatch 14'-0" %~

I
'

Personnel Lock -6'-0" %
,

Personnel Escape-Lock 5'-9" @*

' Theides'ignKof cenetrations used the area replacement rule and- '

cnianalysis:was made usina-NRC Bulletin'107
Inasmuch asfthe'R/t ration.for the containment vessel exceeds

_

theslimit soecified'in wRC Bulletin #107, Ebasco will provide additional
einformation concerning the back-up on the extrapolation to an R/t

:;raticTof600." TheLseismic "g" load ~ varied from 0.1 at the base to
,

20i371at t theitop: for .OBE. SSE was double these values. -

8;0- Missile Shield Grating.2
<

_

-The; structure provides for tornado missile protection and' consists< .

' icasentially of aohighway grating.-'The. calculations were made by
gotablishingian' equivalent plate. This is adequate for the local

Tbandinq2 effects; however, this would be unconservative for loc'al
gehear.J A calculation made during the audit indicated that the shear
bwas; acceptable. This should be made part of the calculation . record.

<

'
'

9 .~ 0 i7 Internal Structures of the Containmen.
The structures consist of the reactor cavity, the steam gener-

atorJand pump enclosures, and the secondary shield wall. The reactor

Jvassal?is~suoported on the reactor cavity. The. steam generator support.

f0ystem is a sliding base which is ' keyed so as to accommadate - thermal
~

-

'orowth butcis keyed.to' resist reactions due to pipe break. Bolts are-

provided'for: uplift forces.. State-of-the-art analyse,s and design of
these| structures was employed.,

,

,
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h, .[10h Spent Fuel Storage Pooli $

. fThenspe'nt fuelopool' liner is 3/16" thick for the walls and
1/4"cthick forzthe" floor.- The-stainless steel is ASTM A-167 Tvoe

' '

;304. lEmbedded wall' stiffeners _are provided at 17"0.c., except fors

4 the-upper 13'-0" which-is-at-8 " o.c. The floor stiffeners are
p L8B24 membersEat 2'-7h": spacing. The construction sequence was such

ithatuthe base liner.:was welded to the top of the 8324 members and
ainen-shrinkigrout was used to fill the space between the top of

~ ;th'eJconcrete pour =and the floor liner. The grout, used was Master
- : Builders 1636.- Resulting gaps between the liner and grout of up to

'

~-5/16".were1 considered accep~ table.
The spentofuel storage . rocks were provided by Wachter t.ssoc-

intes"and'are designed for high density storage. The racks rest '

cncthe? floor without anv structural connection. The rack module
'i6Fattached to.eachLother-near their bases. Horizontal restraint
Lio/provided by f extensions from the perimeter of' racks to the fuel
- pool wall. . :The. walls 1were designed for horizontally applied loads
T6fE19? kips /ft.' -According to the calculations this value was not
acxceeded . : (Tipping of the racks under seismic was not covered by
ithis -! audit) . - -

.

7

'11. . Turbine Missiles

Turbine missile ' criteria was not considered in the structural
I asigni An.. analysis of; the turbine effects concluded that the highd

i" trajectory missiles had y a : low probability 'cxE striking the Category
_I; structures.- The low trajectory missiles were' considered to have

( :Geprobability :of striking; the . Reactor Shild Building. The results
LGf using'the"NDRC and BRL showed incipient penetration and penetration

y :rdspectively. Even?though the turbine missile penetrates.the Reactor
T -Building,LtheLmissile-was.found not to perforate the reactor contain-

?m:nt. -FromE.the values that were presented this was not vious and,

Ebasco1will, provide additional data and information.
-

-
: 12. - " General: Conclusions

The' methods used for the structural analysis of this plant
~

cppearito be0 conservative. The parameters or range of parameters

F'
'cre!not: sensitive, in that, small variations would have caused increases i

-in icalculated - results .
,

4
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