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January 4, 1980

MEMORANDUM FOR: Olan D. Parr, Chief
.

Light Water Reactors Branch No. 3, DPM

FROM: Robert E. Jackson, Chief
Geosciences Branch, DSS

SUBJECT: STAFF RESPONSE TO WILLIAM H. WARD'S LETTER ON
SEISMIC ISSUES AT. WOLF CREEK

Enclosed is.the Staff response to William H. Ward's petition to the Commissioners '

requesting at least a partial. suspension of the construction permit for the
Wolf Creek Generating Station. ThisStaffresponseisanexnandedbackgroundforthe seismic issue mentioned.In footnote 6 of the July 12, ii,79 Director s
Decision under 10 CFR 2.206. This Director's. Decision by Victor Stello, Jr..
IE, denied Mr. Ward's petition. It stated that the' seismic issues contained in
Mr. Ward's letter were previously considered by the Staff and do not alter the
Safe Shutdown Earthquake at the Wolf Creek site. Based upon the enclosed
evaluation of Mr. Ward's concerns and recent Staff licensing. decisions, we conclude
that the 0.12g Safe Shutdown Earthquake is adequately conservative and therefore

| reco. mend that Mr. Ward's request for at least a partial suspension of the ,

construction permit for Wolf Creek be denied. Dr. Phyllis Sobel, Geophysicist,
prepared this evaluation. She was assisted by Leon Reiter, Section Leader.

Original Sic:e,4 bE
R.E.J5:h 03 #
Robert E. Jackson, Chief
Geosciences Branch
Division of Systems Safety

.

Enclosure:
As stated

cc: w/ enclosures .

J. Knight J. Lieberman
S. Varga S. Burns
R. Jackson R. Rothman
L. Reiter H. Lefevre
R cMullen R. Muller '

. Sobel D. Vassallo
M. Licitra H. Thornbury, IE
J. Harbour W. Reinmuth, IE

M. Schumacher, IE
.
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STAFF RESPONSE TO WILLI /pi H. WARD'S LETTER ON. .. ..

7 SEISMIC ISSUES AT WOLF CREEK

On June 29, 1979 William H. Ward, Attorney for the Mid-Americ$ Coalition

for Energy Alternatihes, wrote the NRC Consnissioners to adhise them of

sev'eral seismic issues affecting Ue Wolf Creek site and to request at
~

leastapartialsuspensionoftheconstructionpermit(Att$chment ). It

isthepurposeofthisStaffresponseto5ddressMr. Ward'sconcerns.

Concern 1. AreportbytheKansasStateGeologicalSurhey(KSGS).

NUREG/CR-0294,concludesthatthe1867Manhatt$neartnquakewasatleast

intensityVII-VIII(MM). Mr.Wardstatesthatthise$rthquakewasused

asthebasisfortheSafeShutdownEarthquake(SSE)andthattheSSEwasbased

on the assumption that the 1867 Manhattan earthquake could occur on the

Nemaha Ridge at its closest approach to the Wolf Creek site, 50 miles. In

light of the new information deheloped by the KSGS, the .12g horizontal

accelerationSSEdoesnotnowappeartobeconserhatihetoMr. Ward. "

~

Response. The Staff has reviewed the report by KSGS and still finds the

1867 Manhattan earthquake to be in'm 'ty VII (MM). The assignment of intensity

VII-VIII is based upon an 1877 r 'uefaction on a farm on the floodplain

oftheKansasRiher. That obserha. .. 4 assigned intensity VIII and placed

closetotheepicenterbyt.heKans5sGeologicalSurhey. Liquefactionishery

dependentuponlocalsiteconditionsandm$yoccurinisoseismalareasthat

may otherwise be associated with intensities less than VIII. The staff

agrees with the standard references, such as Earthquake History of the United

States (1973),whichlistthisearthquakeasanintensityVII(MM). '
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IntheSafetyEhaluationReport(SER),fortheWolfCreeksite,the

Staff chose a Safe Shutdown Earthquake (SSE) of intensity VII (MMN This

intensity was based on:

1. The maximum earthquake that could occur in the Nemaha Uplift at its
'

clo:est approach to the Wolf Creek site.,

. 2. Themaximumrandomearthquakeintheregion(forexample,the1956

Catoosa,Oklahomaearthquake)..

TheStaff'sanalysisdidnotinvolhethedirectuseofthe1867 Manhattan

earthquakesincealargerearthquake(intensitygre$terth$nVIII$ndless

thanX)wasassumedtooccurontheNem$haUplift. This larger earthquake

wasalreadyassumedtooccurattheclosest5pproachoftheHumboldtFault

totheWolfCreeksite.Therefore,theresultsoftheStEff'sanalysis

( (anSSEofintensityVII)arenotmodifiedbytheKSGSresults. -

Concern 2. The size of the appropriate Wolf Creek SSE can be determined

by reference to the SER for another of the SNUPPS units, Tyrone. Both Tyrone

and Wolf Creek are located in the Central Stable Region Tectonic Province.

The Tyrone SSE is 0.2g horizontal acceleration.
'

Response TheStaff'sassessmentoftheSSEatisthWolfCreekandTyrone |
considered both the maximum random earthquake and the maximum earthquake that i

could occur on a nearby structure. The staff has evaluated the SSE at Wolf

- Creek and Tyrone in light of more recent licensing decisions. As a result

of this evaluation we see no ehidence that the SSE at Wolf Creek is uncon
,,

'

servative or that it is inconsistent with recent licensing decisions.
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1. Random earthquake at Tyrone.

The Tyrone site is near the town of Durand in western Wisconsia. The

siteisintheCentralStableRegionTectonicProhince. In the Tyrone

SER (1975). the Staff considered the intensity VII-VIII Anna, Ohio earthquake.

,

of 1937 as the largest earthquake in the Central Stable Region which could

not be reasonably associated with known geologic structure.' Using the Trmme-,

Brady (1975) empirical relation between intensity and ground acceleration, the

meanhibratoryground'accelerationcorrespondingtoMMintensityVII-VIIIisOdg. *

ThisehaluationofthelargestrandomearthquakeneartheTyronesiteisconservative

| and similar to recent licensing decisions made for other sites in the Central Stable

Region. TheStaff,howeher,recognizessignificantvariationsinthehistoric
l

seismicityamongsubregionsofthislargestructuraltectonicprohince. Based

on the low lehel of seismicityin the hicinity of the Ar_one site and had the.

| licenseegihensufficientsupportihebases,theStaffmayhaheconsideredan

intensitylowerthanVII-VIII(MM)moreappropriatefortherandomearthquake.

2. Maximum earthquake on the Midcontinent Geophysical Anomaly and its effects
'

at the Tyrone site.

ForthepurposeofestablishingtheSSEattheTyronesite,theStaffehaluated

the effects of the maximum earthquake associated with the Midcontinent Geophysical

Anomaly (MGA)ontheTyronesite(SER,1975).TheStaffassumedthatan
.

' intensity VIII earthquake could occur on structures associated with 'h'e MGA.;

Iri the SER the Staff assumed that at its closest approach to the site, i.e. 45,

miles, the intensity at the site due to attenuation would be reduced to intensity

VII-VIII. Using current intensity-attenuation rel_ationshins for the Central
,

Stable Region (Gupta and Nuttli, 1976) attenuation of the effects of the
,

intensityVIIIehentattheclosestpointontheMGAtotheTyronesite,

i.e. 45 miles, results in a site intensity less than VII. Using the Trifunac -

Brady (1975) empirical relation between intensity and ground acceleration, the mear-

.
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1 |
hibratorygroundaccelerationcorrespondingtoMMintensityVIIis0.12g.

3. Random earthquake at Wolf Creek.

TheWolfCreeksiteliesinsoutheastKansasintheCentr$1StableRegion

TectonicProhince. In the Wolf Creek SER, the Staff considered the m$ximum

random earthquake to be intensity VII (MM)., This position was reiterated in

a more recent Staff decision in the same region-the Black Fox site in

easternOklahoma(SER,1977).. The Staff recognized the low lehel of

seismicityinthehicinityoftheBlackFoxsiteandconsideredthemaximum

random earthquake to be intensity VII.

4. MaximumearthquakeontheNemuhaUpliftanditseffects$tthe

Wol'f Creek site.

ForthepurposeofestablishingtheSSEattheWolfCreeksite,theSt$ff

~haluatedtheeffectsofthemaximumearthquakeassociatedwiththeNemahaeg ,

Uplift (NU) on the Wolf Creek site (SER, 1975). The Staff assumed that

intensities greater than VIII and less than X could occur on the Nemaha

Uplift. In a more recent Staff decisicn for the Black Fox site (SER, 1977), the

Staff found that an earthqu'ake of intensity VIII was a more reasonable

maximumehentontheNU,basedonsimilaritywithotherstructuresinthe

CentralStableRegionwhichhaieassociatedseismicity. (ThisStaff
decisionwassupportedbytheBlackFoxLicensingBoardDecision" Parti $1

' '

Initial Decision Authorizing Limited Work Authorizr. tion,' LBP-78-26, 8 NRC

102, 111 (1978), Aff'd ALAB-573,SlipOp.5t40(Dec.7,1979)).Using'

.

currentintensity-attenuationrelationshipsfortheCentralSt$bleRegion

(GuptaandNuttli,1976),attenuationoftheeffectsoftheintensityVIII
_

ehentattheclosestpointontheNUtotheWolfCreeksite,i.e.50 miles,
results in a site intensity less than VII.

,
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Conclusion
~

Therefore, based upon our evaluation of the SER's for the most recent

licensing decisions, we conclude that it is not necessary to have the same

SSE at the Tyrone and Wolf Creek sites. Applying a current intensity-
'

attenuation relation at both sites, a site intensity of VII is an

adequatelyconserhatihehaluefortheeffectsofthemaximumearthquake'

on significant nearby structures. At the Tyrone site the maximum random

earthquakewasconserhatihelychosentobeintensityVII,-VIIIbutthe

Staffcouldhaheconsideredalowerintensitybasedonthelowlehelof

seismicityinthehicinityofthesite. At the Wolf Creek site credit was

gihenforthelowerlehelofseismicityinthehicinityofthesiteand
the maximum random earthquake was considered to be intensity VII.

.

Analysis of MC Sponsored Research Programs Affectino the Wolf Creek Site
,

I' TheKSGSreportmentionedinWard'sletterispartofacooperatihegeologic,

seismic,andgeophysicalresearchprogrambyseheralstategeologicalsurheys

that is seeking to define the structural setting and tectonic history of the
'

Nemaha Uplift and the Midcontinent Geophysical Anomaly in order to provide the
|

bases for a more realistic appraisal of the earthquake risks inthe siting of

I nuclear facilities in the North American Mid-Continent. This information
1 . .

| is used as a basis for continuing research and as input to the evalisation

' of seismic risk in the region within and around the Nemaha Uplift. The

research effort thus far has increased our current data base and our under '

|
standing of earthquake phenomena in the hicinity of the Nemaha Uplift; .however,

tiiis Ynformation has not indicated a need~to modify any previous licensing
'

h decisions.
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[ kspartofthiscooperativeresearchprogram,theNRCisfundingafihe

year detailed study of the sources of seismicity in the Nemaha Uplift area.

TheresultsofworkcompletedinPhaseIiscurrentlybeingrehiewed. There-

fore, it is too early to assess the impact on ruclear power plant licensing.
'

Thetotalimpactofthefiheyearstudycannotbeassesseduntiltheoverall

program is completed and synthesized with seismic monitoring data. The

preliminaryresultsarebeingconsideredinthedehelopmentofatectonic

province or seismic zoning map of the eastern U. S..
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WASHIN3 TON, D. C. 20SS5 8 %5- .r.

8 0June 17,1981 p e,4

M/ 2 3;98k n
_

..... '-
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L505-81-06-068 - u,.

5LE'TTERTOA'LLSP00NER$'~!
D8.

-

(EXCEPT SAN ONOFRE)'- %
'

' //
* i,, . '

'I -
-'

" Gentleden: -

SITE SPECIFIC GROUND RESPONSE SPECTRA FOR SEP PLANTST

i SU$ECT:
.;.,. . - LO.CATEDINyEEASTERNUNITEDSTATES

-

, _
_. ..

.. Reference: Letter to SEP Group II Plant (Big Rock Point. Dresden 1
: 5't,~. . .Haddam Neck, La Crosse, Yankee Rowe) Licensees from
.: ,.. - * 'D.G. Eisenhut, NRC dated August 4, 1980 -

. . . . . . ,,, .,

e
. 1,

-
. . .

.Dur 1.etter dated August .4,.1980 (reference) issued the prelimiary version of
-

:..s.ite. specific grotind response spectra for the eastern United States SEP
Recently, these spectra have been finalized by the staff. Enclosure-: pignts .'

;"').jscludes the ' recommended ground response spectra (5". damping) for the east-
-

eFn"5EP sites. The b'a'ie's' of our final decision regarding the spectra and the*

~~ Qgi.tized spectral .acceler-ation values (St. damping) for these spectra are docu-.
-

Fented in Enclosure '2'.~
'

i -

, . ! : .- -

, -TFe"s'i. [e' ~siie'cific , spectra (SSS) included .in Enclosure 1 establish the ground
.

t
: moi; ion acceleration values to be input into the structural reevaluation

: .inalyse's to determine the resultant seismic loads. The geology reviews for '
-

Palisedes, Ginna and Dresden 2 have been completed by the staff. The results
- of-the review did not identify any geologic features that would affect the
. site specific spectra.for.those facilities. Based on our review to date for
the. remainder of the SEP facilities located in the eastern United States, we --

do not expect the SSS to be , changed due to local geologic considerations'.. ,

. . . .
- -

. ..
,

Sincerely,' ' " ~

.
..

y- -

.

.

Dennis M. Crutchfield.jhie
! - Operating Reactors Branch No. 5

, ,

Division of Licensing
( -

Enclosure:
As stated .
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' fir. Frank Linder .(,. .*. _ ' LA CROSSE (BWR),
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Docket No. 50-409. .
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. .Fritz Schubert. Esquire U.' S. Environnental Protection 1 :. ...
.

Starf.. Attorney
. Agency . 4:- .

-

.

Dairyland Poacr Cooperative Federal Activitics Br.anch , T.>.

.- 2615 East Avenue South Region V Office
.

'
.

'. La Crosse, Wisconsin 54601 ATTN: EIS COORDINATOR
'"-

.

;
. . . 230 South Dearborn Street

- "
-

. 0. *S. Heistand, J r. , Esquire Chicago, Illinois 60604
i:organg Lewis & Bockius -

1800 M Street, N. W. Mr. John H. Buck
,

' *
. -

Washington, D. C. 20036 Atomic Safety and Licirnsing Appeal Board .
.

..

,'
.

. U. S., Nuclear Regulatory Comission
}' - Itr. R. E. Shimshak Washington, D. C.- 20555
) La Cro'sse Boiling Water Reactor

. .
.. ..~'-

;.
.

Dairyland Power Cooperative Dr. Lawrence R. Quarles' ''

'... .P. O. Box 135 . Kendal at Longwood,, Apt. 51
.

, .. .
' ' ' . ' Genoa, Wisconsin 54632 .

Kenneth Square Pennsylvania 19348, 'ci .
'- - ,.

,
. -

.. , ... :.. . .

Ms. Anne K.. Morse . , Charles Bechhoefer Esq., Chairman . ' '.~.
.

Coulee Region Energy Coalition' ,. Atomic Safety and Li, censing Board / -l-
-

L P. O. Box 1583 . .

'

U. S. Nuclear Regulatory Comission . /~
-

I;a Crosse, Wisconsin' 54601 Washin'gton, D. C. 20555 -

_.
(. -

t
, , .

' - ,
, . __.; ;--

f La Crosse Public. Library -- Dr. George C. Anderson - *

,. . ; ..

; - ~' 800 Main Street . Department'of Oceanography'
. .

' La Crosse, Wisconsin 54601 University of Washington * ' *

'
*

.
Seattle, Washington 98195

,

U. S.* Nuclear Regulatory Comission
, Resident Inspectors Office Mr. Ralph S. Decker

,

I- Rural Route #1, Box 225 Route 4, Box 1900 -

Genoa, Wisconsin 54632. Canbridge, Maryland . 21613 *

.

. . .

* Town Chairman Thorms S. Moore ' -

Atomic Safety and Liensing Appeal lioard
l

. Town.of Genoa
' '

1
'

Route 1 U. S. Nuclear Regulatory Comission ' ' ' '

Genoa, Wisconsin 54632 Washington, D. C. 20555
~ ~

. *
. .

. ,

~ Chairman, Public Service Comission . --

' ' . ' ' of Wisconsin ':
* " - --

.. ,

" Hill Farms State Office Building'
~

.. .

~. .. Madison', Wisconsin.| 53702 -
-

, -

'

,- - - --

.. . , -
,

. .

Alan S. Rosenthal, Esq., Chairman . , ','
-

.
'~

.AtomM. Safety and Licensing Appeal Board .
. , .

. .,
.

. U.' S. Nuclear Regulatory Comis,sion . .- - -
.. . j,. ,'-

, ,

Washington, D. C..1!0555 ' ' * . ;

' Mr. Frederick R11 ton Olsen, III.
.-

,
. . , .y -.

.,,,

..- , ,

-. ..
_ .. .

'
- -

609 North.11th Street
'

~

-
.

. Latio's'se. Wisconsin: ''. <- . - . c'. - - m., .

|
'
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ATTACHMENT 3

+t h UNITED sT'ATEs
!, w i NUCLEAR REGULATORY COMMISSION ,

| WASHINGTON, D. C. 20655, e-

g, * v ,/
**** WH 2 3192

MEMORANDUM FOR: D. Crutchfield, Acting Chjef
Systematic Evaluation Program Branch

THRU: James P. Knight, Assistant Director for
3 Components and Structures Engir. wring, DE

'

FROM: Robert E. Jackson, Chief
Geosciences Branch, DE*

SUBJECT: INITIAL REVIEW AND RECOM4ENDATIONS FOR SITE
SPECIFIC SPECTRA AT SEP SITES

We have been working for the past two years with the SEP Branch and their
consultants in order to provide preliminary recomendations regarding site
specific spectra to be used in the SEP for evaluation of the seismic
design adequacy of the selected plants.

The Branch recomendations are attached, however, it should be noted that
they are subject to the limitations described in the sections entitled
" Purpose and ScopeP and"Recomendations." These recomendations wers prepared
by Dr. Leon Reiter based primarily on documents submitted in the Site Specif'c
Spectra Program. We expect that our evaluation of items still forthcoming
in the Site Specific Spectra Program may result in the following:

1. It is likely that there will be further changes in the return periods
associated with the reconrnended spectra for the various sites. These
return periods will still be able to be described as "of the
order of 1000 or 10,000 years", which is the present description of
the spectra and the level implicitly accepted by NRC in recent licensing
decisions.

'

2. There will be no major change in the relative levels of seismic
hazard between sites.

3. There will be little or no change in the "detefministic" comparisons
for the various site used to evaluate the acceptability of the spectra
recomended in the attached review.

4. There is a preliminary indication that a reduction in spectra at inter-
mediate and low frequencies may be called for at rock sites (Dresden, Ginna,
Haddam Neck and Millstone). Probabilistic predictions of peak velocities at
these sites may also be affected.

.
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While it is difficult to predict the outcome of an innovative program that
is still in progress it is our best estimate, based on the above, that this
subsequent evaluation will not result in very large changes in spectra
recomended for use in the evaluation of the SEP.

_

We recommend that you utilize these spectra in your reanalysis of the SEP
facilities. We further reconrnend that a minimum spectra be established as
discussed in the report. This recomendation is based on the innovative
nature of the Site Specific Spectra Program and the need for continued
review and maturation of the program. The site specific spectra provided
are generally less than wculd result from a literal application of Appendix
A to 10 CFR and the current Standard Review Plan throughout the frequency
range of interest for nuclear power plants.

Since follow up work and sensitivity studies are continuing, we will monitor
progress and provide a final recomendation in December 1980 upon completion
and review of these elements of the program.

k &

Robert E.'J on, Chief
Geosciene ranch
Division Engineering

'

Enclosure:
As stated

cc: w/ enclosure
R. Vollmer
D. Eisenhut
G. Lainas
H. Levin
D. Allison

! G. Lear
| L. Heller

J. Greeves
F. Schauer
G. Bagchi-

'
D. Bernreuter, LLL
L. Wight, TERA
GSB Personnel

,
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Initial Review and Recomendations for Site Specific *

*

5pectra at SEP Sites

Purpofe and Scope

This review presents initial recommendations for Site Specific Spectra to be

used in the reevaluation of SEP plants. It is based upon review of the

following items.

(1) Draft Seismic Hazard Analysis: TERA - Lawrence Livermore Laboratory

(LLL), 3 volumes, August 1979.

(2) Peer Review Coments to above reports, Indihidual comments by Dr. O. Nuttli,

Dr. L. Sykes, Dr. D. Veneziano, Dr. A. Ang, (LLL Review Board); Fugro,

URS Blume Assoc. , Dr. A. Cornell, Mr. R. Holt, Comonwealth Edison (licensee

sponsored reviews); Dr. L. Abramson (NRC, Applied Statistics Branch) Fall-

Winter 1979.

(3) Response to Peer Review Site Specific Spectra Project (SSSP). TERA, May

1980.

(4) Draft Seismic Hazard Analysis: SSSP Sensitivity Results, TERA-LLL, May

1980.

!

(5) Attenuation Panel Feb.1980, and coments on the panel meeting by Dr. O. Nuttli,

Dr. M. Trifunac, Dr. R. McGuire Dr. N. Donovan.

(6) Letter Report evaluation of Attenuation Panel by TERA, April 4,1980.

(7) Letter Reports on Ossippee Attenuation Model by TERA, May 22, May 29,.1980
'

(8) Interim Sumary of assessment of conserhatisms by TERA May 30, 1980.

(9) Evaluation of Ossippee Attenuation Models and alternatives by LLL, May 23, 1980.

(10) Seismic Hazard Evaluation for.SEP plants (Draft) N. M. Newmark (May'30, 1980).

_
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In addition to these documents there have been many discussions and telephone

conversationswithindihidualsatTERA,LLL, reviewers,attenuationpanel

members and Drs. Newmark and Hall.

Following is a list of other items and reviews which will be forthcoming and

could have an impact upon the results.

1. Review of the Draft Seismic Hazard Analysis by the USGS.

2. Additional Review and comments by Drs. Newmark and Hall.

3. Review of all submissions by the licensees on their recomendations for

sitespecificspectra(severalhavebeenreviewed).

4. Comparison of SSSP results with other eastern U. S. hazard analyses.

5. Feedback meeting with original expert group.

' 6. Recomendation from TERA-LLL and possible reanalysis based upon utilization

of input from sensitivity results, attenQation panel and feedback meeting.

Recomendations

it is recomended that the following spectra presented in the Sensitivity Results

(May 1980) be used as site specific free field spectra.

Eastern U. S. (Yankee Rowe, Connecticut Yankee, Millstone, Ginna, Oyster Creek)

"1000 year" spectra assuming no background and Ossippee Attenuation..

Cdntral U. S. (Dresden, Palisades, Lacrosse, Big Rock Point) "1000 yr"

spectra assuming no background and Gupta-Nuttli Attenuation.

,

.
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Thesespectraaccountforgrosssiteconditions(soilorrock)anddonot

take into account any specific conditions which may result in amplification

(Lacrosse, Yankee Rowe, Palisades). -

It is also recomended that a minimum be established for which no spectra be

allowed to go below. It is suggested that this minimum be the median (50th

percentile) representation of real spectra for a magnitude 5.3 earthquake.

This minimum exceeds the "1000" yr spectra for Big Rock Point, Lacrosse and

Palisades at frequencies greater than 2 to 3 Hz.

The rationale for these recomendations are discussed below.

General Coments

TheSSSPwasconceihedasamulti-methodapproachfordeterminingsitespecific
,

spectra (Bernreuter, 1979). It encompassed probabilistic approaches at predicting

il peakacceleration,peakhelocitiesanduniformhazardspectrafordifferent

return periods and a empirical approach wMeh includes calculation of
.

50th and 84th percentile spectra from ensembles of real data at different magni-

| tudes, site conditions and distance ranges. The probabilistic approach utilized is

basically that suggested by Cornell (1958) which has been modified to formally

incorporate " expert" judgements. This approach is explained in detail in the

documentsreferencedaboheandinPart1oftheExecutiveSummarybyTERA

Corp.'

'

The difference between so called " deterministic" approaches (for example,

thatfoundintheStandardRehiewPlan*)andprobabilisticapproachesaredescribed

below. In the deterministic approach (Figure 1) local (fault) and regional
!

*Although this approach is commonly called " deterministic" it is better described
as "judgemental-empirical." A true deterministic approach would involve using
the principles of physics to calculate ground motion due to a rupturing fault.

.
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(tectonic province) source regions are specified geometrically (Step 1).

The largest earthquake associated with each source is then defined from

historical seismicity and/or geological estimates, and it is assumed to

occur at a location in each source closest to the site in consideration

(Step 2). The resultant ground motion (usually peak acceleration) at the

site from each of these sources is then estimated utilizing magnitude-

accelerationorintensity-accelerationrelationships(Step 3). The

largest of these is then considered the controlling ground motion and

it determines the assumed earthquake loading at the site (Step 4), In

thecurrentNRCpracticethisearthquakeloading(SafeShutdownEarthquake)

usually is peak acceleration used to anchor the standardized Regulatory

Guide 1.60 spectrum. This method does not take into account the frequency

of earthquake occurrence and allows no description of uncertainty.
I

In the probabilistic approach described in Figure 2, earthquake sources

are determined (Step 1) as in the deterministic approach. Historical

seismicity is then used to determine an earthquake recurrence model for

eachsource(Step 2). This model is usually determined from a linear regression

analysisrelatingearthquakesize(magnitudeorintensity)tofrequencyof

occurrence. These recurrence models are terminated at the largest earthquake

expected from each source. Most probabilistic models assume that earthquake

occurrence follows a Poisson process or that 'these earthquakes occur randomly

with respect to time and space within a given source. The ground motion (peak

orspectralparameter)atthesitefromthedifferentearthquakesatdifferent

distancesisestimatedusingasetofmagnitude(orintens.ity)-groundmotion

relationships that explicitly incorporate the dispersion of the data about

suchrelationships(Step 3). Finally, integrating the effect of different
,

size earthquakes from different locations in different source's with the
.

'S
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recurrenceinformationfromStep2,theprobabilitiesthatgihenlevels'

ofgroundmotionwillnotbeexceededwithingihentimeperiodsare

calculated (Step 4).
-

The deterministic approach is strongly controlled by the choice of input

parameters (sourceconfiguration, intensity-accelerationrelationship, response
,

spectraetc.-). Sizeable changes in characterizationof safe shutdown earth-

quakesforNuclearPowerPlantsinthepast5to10yearshaYeresultedfrom

staff adoption of the Regulatory Guide 1.60 spectrum and the Trifunac-Brady

(1975) intensity-acceleration relationship. Probabilistic prediction can also

bedrihenbythechoiceofinputparameters. In the eastern U. S. these input

parameters or their statistical representation cannot in many cases be

unambiguouslyderihedfromtheexistingdata. Theinnohativeapproachof;

1 the SSSP was to canhas expert opinion as to what the choice of these input

parameters were, what range they might be expected to assume and what

credibility could be attached to them. Each experts input was treated separately,

spectra were computed for each expert at each site than a trial synthesis

was performed combining all the experts at each site based upon their own self-

ranking. Theinputparameterscoheredfourareas: (1)theconfigurationof

seismic source zones in the central and eastern U. S. (2) the largest, earthquake

expected in each of these zones (3) the earthquake actihity rate and recurrence.

statistics associated with each zone and (4) methods for preidicting ground

motionintheeasternandcentralU.S.fromanearthquakeofagihensizeata

gfhendistance.

'
,

.

.
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Responseswerereceihedfrom10ofthe14expertpolled. (The questionnaires

werelengthyandrequiredseheraldaystoanswerinacomprehensihemanner).

These responses were almost exclusihely directed at the first three areas.

The significant lack of resporise in areas of ground motion made it necessary

forTEKA-LLLtodehelopitsowngroundmotiondeterminationscheme.' Additional

approacheswerepresentedinthesensitihityresultsandanadditional

special " Attenuation Panel" was convened to discuss this difficult problem.

Inadditiontothegroundmotionproblem,theextensihepeerrehiewconducted

for the initial draft report identified other problem areas. The most

significant of these were related to the way each expert's zonation was

treated and the assumed dispersion of the data. These subjects were also
.

treatedinthesensitihitystudiesmentionedabohe. Specific discussions on

each of these problem areas follow.

Specific Conrnents

Ground Motion Determination
"

The problem is to quantitatively predict groun'd motion east of the

Rockies when there is practically no strong motion data recorded in this

region. The existing data base (most Western U. S.) was recorded in areas

where seismic wahe attenuation and, to some extent, seismic sources are different.

Amethodmustbedehelopedtopredictthismotiontheoreticallyormakeuseof

the historical (non-instrumental) felt reports from the eastern U. S. in

conjunction with strong ground-motion data from the western U. S. The initial

results(August 1979)utilizedfeltreportsfromthewell-documentedSouthern

Illinois Earthquake of 1968 and the assumption that ground motion associated

withagihenfelteffect(siteintensity)andepicentraldistancewillbethe
4

same in both east and west. Thesensitihitystudies(May1980) examined

theaffectsofassumingthatthegroundmotionassociatedwithagihenfelt
,

.
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effect and given earthquake size will be the same for both east and west.

The studies accomplished this result for three felt-effect predictions; the

1968 Southern Illinois Earthquake, the 1940 Ossippee New Hampshire earthquake,

andamodificationoftheGupta-Nuttli(1976)relationbaseduponseheral

central U. S. earthquakes. While the attenuation panel had mixed feelings

there seemed to be some preference for this latter assumption. In conjunction,

withthesensitihitystudies,theexistingdatasetwasalsomodifiedto

prehentunduedependenceuponasingleearthquakeandtoeliminate
'

strong motion records that were believed to represent only part of the

actual shaking. Inaddition,studiesofseheralotherearthquakes'Jggested

a difference in attenuation of ground motion between the northeastern and .

~

central U. S. At distances greater than 100 kilometers, the affects of shaking

appear leu attenuated in the central U. S. when compared with that in the

northeast. As a result of these considerations, we recommend that the 1980

model based upon the Ossippee earthquake be used as a basis for determining ground

motion in the northeastern U. S.; while the 1980 model based upon the Gupta-

Nuttli relationship be used as a basis for determining ground motion in the
~

central U. S. The Ossippee attenuation was calculated several ways. In the
'

original SSSP Sensitivity Results (May 1980) an average distance was first

computedforeachintensitylehelandthenaregressionwasperformedtreating

distance as the independent parameter and site intensity as the dependent
!

parameter. Asignificantdifferencewasobserhedwhentheaheragingwasomitted'

andtheregressionperformeddirectlyonthedata(TERALetterReports,May22

and May 29,1980). It is not imediately clear which approach is more

appropriate. Conceptually it appears better to avoid the aheraging step. We

1
'e

.

N
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feel, howeher, that at this time the original technique using the

aheragingstepshouldbeused. Thereasonsforthisare(LLLLetter,

May 23, 1980): (1) This method is analagous to that used by Gupta

and Nutt11 (1976) toderihetheirattenuationrelationship.(2)the

second method would predict ground motion significant,1y less at

most distances than that proposed by the theoretical model of Nuttli

(1979)whiletheoriginalmethodfallsmuchclosertohismodel.

The attenuation panel recommended greater use of such theoretical

relationships for determining ground motion. Initial calculations show

that when these theoretical relationships are incorporated into SSSP

methodology peak accelerations for return periods of 1000 years appear to

be similar to the Gupta-Nutt11 and original Ossippee attenuations.

I While some small differences between central and northeastern attenuation

can be expected we feel that at this time, reliance upon results produced
'utilizing a particular regression technique on one earthquake in the

northeast which are significantly less than theoretical and empirical results

for the central U. S. is imprudent. Clearly,howeher,determinationofa

proper attenuation relationship is an area that requires additional work.i

Zoning

The initial treatment of experts input to configuration and credibility of

seismic source zones allowed for the existence of a background zone consisting of

0
'
.

e
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the union (enehelope) of all the experts zones in a particular region.

The extent to which this background zone was used depended upon the experts

generallehelofbelief(credibility)intheexistenceofthesezones. As

a result, this leads to tying one expert's results to others and the allowance

of specific numbers of the larger earthquakes normally associated with a
'

seismic zone being allowed to occur anywhere within the background. Various

rehiewerscriticizedthisapproachandsomealternatihesweresuggested.

Thesensitihitystudiescomputedspectrabasedupontheoppositeextremei.e.

the assumption that each expert had 100% belief in his zone and no background
;

need exist. These two computations bound the problem.
|

For SEP sites, the latter assumption results in a reduction in estimated
i

seismic hazard. Ifasitewerelocatedinthemiddleofanactiheseismic )

zone such as New Madrid the assumption of no background would result in an

increase in estimated seismic hazard. There are many arguments. that may be

made as to how this problem may be treated correctly. It seems clear that

neither extreme is correct and some better way of accounting for credibility

is warranted. TERA-LLLhasarguedthatatruerepresentationofcredibilily
'

in such a complex problem may be hery cumbersome coniputationally and prohibitihely

expensive. It is our recomendation that, barring such a computation spectra

intermediate between these two assumptions be used at this time. As shown

below the actual difference between spectra computed using the two extreme

assumptions is not large and any error in estimating the intermediate spectra
'

will not have a significant effect.

)

'.
O
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Dispersion of Data'

In The August 1979 report the dispersion assumed about the final ground motion

predictionwasassumedtobelognormalwithf=0.9(basee). In addition
'

the distribution was truncated at i 2a . This size of the dispersion was deter-

m.ined combining dispersions nomally encountered in detemining site intensity' from

earthquakesize(epic 2ntralintensity)andinconhertingthisintensitytoground

motion. Theseindihidualdispersionscanbeconsideredasduetorandomnessfound
'

in nature. Seve.al reviewers argued however that treating these errors as

independentanddisregardingtheircrosscorrelationisoverlyconserhatiheand

that it increases the total dispersion beyond that resulting from true randomness.

Where ground motion records due exist, e.g. Western U. S., the dispersion
'

associated with ground motion from a given size of earthquake can usually be

described with v=0.6 to 0.7. Data points do not normally extend out beyond limits

of 1 3 7.'These criticisms are considered valid and its recommended that the
dispersion defined as tr*0.7, truncated at i 3r be accepted. Extension of the

i

truncation point beyond 3r will nut have a significant effect upon the results.
'

Synthesis Curves

Some alternate methods were suggested to synthesize the results of the v'arious

expert judgements. The SSSP utilizes a self-ranking system. In the opinion of

TERA Corporation, alternate methods would not have a significant effect upon the
- -

. .

synthesized curves. By inspection it appears that the synthesis curves represent

a median or somewhat higher than median representation of the individual spectra

computed for each expert. It is recomended that this synthesis be used to

describe the hazard.-

*
.

1
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Integration of Recommendations

Inthesensitihitystudies,uniformhazardspectraarepresentedforallthe

ground motion models reconnended above,i.e. Ossippee (1980 model) for north-

eastern sites and Gupta-Nuttli (1980) for central U. S. sites.

All spectra are computed assuming no background andcr=0.9125 truncation.

These spectra are approximately equal to the recomended spectra of

P 0.7 1 3r truncation with a zoning assumption intermediate between a back-

ground and no background because: 1) The decrease in peak accelerations and

peak velocities computed for representative individual experts from

(30.9 (+ 2cr ) to e 0.7 (135-) is on the aherage about 7 to 10% for the
,

Gupta-Nutt11 and Ossippee attenuhtions; (2) the increase in peak secelerations

and peak velocities from no background to background is on the average
~

'

about15to20%fortheAugust1979 attenuation (theonlycomparisonahailable).

Although there is some preliminary indication of attenuation model dependence

for the background-no background comparison these approximations are considered

adequate given the precision of the spectra and the size of the differences.

Adequacy and Conserhatism of the Reconsnended Spectra

While the "1000 year" spectra are recommended it is not possible to state with

any certainty that the true return period (inherse of annual risk of exceedence).

is 1000 years. Generallytheseestimatesarebeliehedtobeconserhatihefor

the following reasons.
i

.

? ,

i .

i

;.

9

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



- . .

-

:
.

. . .

12 .-
,

-

y
'

1. Strong motion data sets are in many ways biased toward high values.

Non-triggeredinstrumentsorlow-lehelrecordsreceivelittleattention.

This is also true at great distances and for longer periods where noise

may be contributing significantly to observed motion.

2. The assumption that earthquakes occur randomly within a given seismic

sourcezoneisconserhativeforlargezonesoflowtomoderatelevel

seismicity such as those around most SEP sites. While the sources of

central and eastern U. S. earthquakes remain hidden most seismologists

conclude that damaging earthquakes will ehentually be associated with
'

specific faults.
.

3. The uniform spectra represent composite risk from different source

zones which may effect different frequency ranges. Under certain

f. situations, exceeding the spectra at different frequencies implies the

simultaneous occurrence of earthquakes in more than one source zone,

| 4. The assumption that intensities from large earthquakes attenuate at the

samerateasintensitiesfromsmallearthquakesisconserhatiYe.

Somenon-conserhativeaspectsofthisandotherstudiesare:

1. The' strong-motion data set used mixes accelerograms recorded in the true
.

free field with those recorded in the basements of buildings. Many

engineers feel that the effect of large foundations in these buildings is

to reduce high frequency motion.

2. The probabilistic spectra represent the chance of being exceeded more.than

onceinagihenreturnperiod. The probability of being exceeded twice or;

i

more, however, is small when compared to the probability of being exceeded

only once.
'

,

,
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Based upon consideration of all of the above and their estimated relative

weights we consider the true return period associated with these spectra

to be longer than 1000 years. TERA in a recent reassessment of conservatism

(Letter,May 30,1980) conclu' des that those spectra presented in the Sensitivity

Results as "1000 year spectra" can be conserhatihely represented as 5.000 to 10,000
'

year loads. Additional work will better define what the return periods are.

Atthepresenttimehoweher,webeliehethatthereis'nowayofindicatingwhat

these tr/ return periods are or establishing rigourously defined confidence
'

limits. In the past there has been implicit acceptance of design spectra that

were assumed to haie icturn periods of the order of 1000 or 10,000 years. It is

our judgement that these spectra fall within this description.
,

The most important quality of these spectra is that, although no great confidence

can be attached to the absolute probabilities (i.e. return periods),the systematic
g

! incorporation of expert opinion and uncertainty and the wide ranging sensitivity

tests indicate greater stability when estimating relatihe hazard probabilities

attheselehelsofgroundmotion.Thiswouldapplytoestimatingtheequihalent

I levels of probabilities of exceedence at different sites and small relative

differences in probabilities of exceedence at the.same site. ' Thus,while we are

not sure that the "1000 year spectra" really ripresent 1 bob, 5bb' or 10,000 yearO

returnperiodsatallthesiteswehaYegreaterconfidencethattheyrepresentapprox-

imatelyequivalentlehel'sofhazardwhateherthetruereturnperiodis.Thisisbased

inlargepartupontherelatiheconsistencyofeffectsassociatedwiththesensi-

tihitytests(SSSPSensitihityResults,May1980)andthesynthsizingofwide
'

ranges of expert judgement with respect to each region.

| .

1
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I. Comparison of Spectra with " Deterministic" Procedures
l

In order to further evaluate the adequacy and reasonableness of the recomended
|

design spectra several comparisons with non probabilistic techniques were

pe rfomed.

Comoarison with soectra determined usina the tectonic Drovince 8DDroach

(Accendix AI. In this approach (Figure 1) the largest historical earthquake

that has occurred in the host province is assumed to occur near the plant

while the largest historical earthquakes in adjacent provinces are

assumed to occur in these provinces at locations closest to the site.

The ground motion at the site from these earthquakes is estimated and

this determines the seismic input to design. Tectonic province boundaries

and earthquake sizes were estimated based upon recent licensing decisions.

The configuration of the New Madrid Zone was also used assuming the more

recent suggestions of Nutt11 and Hermann (1978). The assumptions for

; each site are listed in Table 1. Earthquake size is also given in tems

of magnitude (m ) and these are based upon recent individual determinations
b

of the magnitudes from intensity data and the general relationship proposed

by Nutt11 and Herrmann (1978).
I

Utilizing these events, a series of theoretical and empirical equations were

|
used to predict the peak accelerations and velocities at each site. In order

to deal with differences in these equations, selected results representing the

most appropriate theoretical and empirical relationships were averaged ~to arrive

at final estimates of peak acceleration and velocity. Table 2 shows the con-

trolling (largest) peaks estimated at each site. These are compared with thei

peak accelerations and velocities associated with the recomended unifom
'

hazard (probabilistic) spectra. '
,

. ._. _ _ - _ _ _ _ - - _ _ - - - . _ .- -_ .- ._._
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t The unifom hazard peak accelerations reach or exceed the deteministic peak

accelerations at all sites except Palisades, Lacrosse and Big Rock Point.

This is a reflection of the fact that these 3 sites lie in areas of low

seismicity and estimated seismic hazard in the central stable region. The

unifom hazard peak velocities exceed the deteministic peak velocities

except at Dresden where it is less. This is a reflection of the

fact that probabilistic techniques take into account larger than historical

earthquakes. Sensitivity studies show that these have the largest effect ~

upon peak velocities. This is reflected in the deteministic procedure for

Dresden where the proximity of the New Madrid zone has a significant impact.

In general it :an be said that the 1000 year uniform hazard peaks bracket

the deterministic peaks. Differencesbetweenthetwosetsofhaluesresult

from the ability of the unifom hazard approach to overcome the artificial

!( constraintsoftenposedbythe"t'ectonicprohince" approach. Thus, wnile the

tectonicprohinceapproachwouldrequireBigRockPointandHaddamNeckto
'

utilize similar seismic input for design purposes, the probabilistic methodologyi

takesintoaccounttherealdifferenceinseismicityandperceihedearthquake
:

hazard at these sites.
I

The deterministic peak accelerations and velocities are converted to response
i spectra using the amplification factors suggested by Newmark and Hall in NUREG

~

CR-0098, Figs. 3 thru 11 compare the recomended unifom hazard spectra with

5'0th and 84th percentile deterministic spectra. In the central U.S. the recom-
. mended spectra generally fall below or at the 50th percentile. In
!
,

the eastern-United States the uniform hazard spectra are approximatr.ly

'.
.

.

. . - - - , - - - - - - , . . . . . . . - - . - , . . - - - _ . _ _ , _ . - ..-. - . - - , _ - , _ - . . . . - _ _ _ , _ _ _ - - - - , . _ _ . _ _ . _ . _ ,
-
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equihalent to the 84th percentile deterministic spectra. While the

deterministic peaks are generally lower than the predicted peaks, use of the

84th percentile amplification factors usuh11y more than compensate for the

differences. Againtheuniformhazardspectramoreadequatelyreflectperceihed

relatihehazard. The"tectonicprohi6c'e"approachcanbemadetoachiehe

conserhatisminthiscasebyutilizingconserhatiheamplificationfactors.

Figures 12 and 13 show the unifom spectra compared to Reg. Guide l.6b
' '

'

spectra anchored at 0.1 and 0.2g. Following suggested Standard Review Plan

procedures for new plants that is utilizing the trend of the means of Trifunac
^

and Brady (1975) to anchor the Reg. Guide 1.60 spectra, would result in design

spectra anchored at between 0.12 and 0.20g. The specific acceleration used would

dependinlargepartupontheapplicantssubmittalandtherehiewer'sconserhatism.

I For the central U. S. the recomended spectra are mostly below the Reg. Guide

spectrum anchored at 0.lg while for eastern U. S. the recomended spectra are at

orabohetheReg.Guidespectrumanchoredat0.lg. The aherage recomended

spectrumwouldberoughlyequihalenttotheReg. Guide 1.60Spectrumanchored

atapeakaccelerationofaboutb.lg. Theobservationthattheaheragepeak

acceleration associated with the recomended spectra (Table 2) is about 0.15g

illustratestheoftendiscussedconserhatismoftheReg.Guidespectrum. It was

conserEatihelyderihedfromearthquakesofdifferentsizesrecordedat

different distances and different site conditions.

Comparison with Real Spectra

A more applicable comparison can be found in Figures 14 and 15. Here the

recomended spectra are compared to the 50th and 84th Percentile lehels of

ensemblesofresponsespectraderihedfromstrongmotionrecordsrecorded

I atnearbydistances(usually27kmorless)fromearthquake{ofmagnitude

.

.

- - - - - - - - - - - _ -
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5.3 + 0.5 in the western U. S. and Italy. At these distances differences
,

in regional attenuation are not pronounced. At periods less than 0.3-0.5 seconds

the recommended spectra fall in between the 50th and 84th percentile except

for Palisades, LaCrossse and Big Rock Point which are slightly below the 50th

Percentile. Differences again can be related to real differences in' earth

quake hazard.

There can be some concern however in that the recomended spectra may fall

below some t.inimum level of ground motion from a nearby magnitude 5.3 (In-

tensityVII). While Intensity VIII or larger earthquakes hahe been

restricted in historical time in the central and eastern U.S. to five

or :ix locations, Intensity VII earthquakes have occurred in sufficient

g numbers and at sufficient loca|. ions such that we believe that they could occur

anywhere in the U.S. at varying levels of certainty. It is prudent therefore

to establish such a minimum level although a direct uniform hazard assessment

would more accurately reflect relative earthquake hazard. It is recomended

that this minimum be set at the 50th percentile of the plotted real spectra.

While the 84th percentile has been used in deterministic techniques it is

not suggested that it be used as a minimum since it is more a reflection of

the dispersion of data resulting from the magnitude and distance range needed

to gather an adequate number of iecords for statistical treatment.

As indicated above use of the 50th Percentile would have a small effect upon

Lacrosse, Palisades and Big Rock Point.

.

=

*
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Conclusions

Baseduponrehiewoftheindicateddocumentsandthecomparisonwith" deterministic"

procedures mentioned abohe, we beliehe that the site-specific uniform hazard j

response spectra suggested represent an adequal.e lehel of free field ground

motionforuseinthereehaluationoftheSEPplants. Theharyinglehelsofthese

spectra more accurately refleci. true hariations in real seismic hazard than those

derihed utilizing the "detennini' tic" tectonic province approach. We alsos

beliehethatitisprudenttoestablishsomeminimumlehelbelowwhichnospectra

be allowed to fall. It is recommended that this be the 50th perceraile of real

data from a nearby magnitude 5.3 eart.hquake as shown in the compara;ihe plots.

Utilization of this minimum would hahe a small effect upon Palisades, Lacrosse

and Big Rock Point. Tnese spectra do not take into account specific site

amplification factors that may be present at Lacrosse, Palisades or Yankee

Rowe nor do they reflect consideration of additional studies still c1 going

in the SSSP program. Those spectra presented were computed for 5% damping.

.
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Table 1*

.

Controlling Earthquakes used in the Tectonic Province Approach
,

.

Local Earthquake (Host Province)
Site (Average Epicentral Distance 10-15 km) Distant Earthquakes (other than

Host Provinces

Yankee Rowe mb 5.3 (Intensity VII) mb6.0(Intens;tyVIII)from
WhiteMt. zone (80km)

Haddam Neck mb5.3(IntensityVII) mb 6.0 (Intensity VIII) from
White Mt. Zone (130 km)

Millstone mb5.3 (Intensity VII) mb 6.0 (Intensity VIII) from
White Mt. Zone (140 km)

Oyster Creek mb 5.3 (Intensity VII) mb 6.0 (Intensity VIII) from
White Mt. Zone (375 km)
mb 5.8 (Intensity VIII) from
Southern Valley and Ridge (550 km

'

Ginna mb5.3(IntensityVII-VIII)
mb 5.75 (Intensity VIII)(from55km)Clarenden-Linden Fault

Dresden mb 5.3 (Intensity VII-VIII) mb7.5(IntensityXI-XII)from
NewMadridZone(280km)

*mb6 7 (I te sity X) f or m Wabash| n n.

Zone (200km)

Palisades mb5.3 (Intensity VII-VIII)
mb7.5 (Intensity (315 km)XI-XII)fromNew Madrid Zone

*mb6.7(IntensityX)fromWabash
Zone (300km)

Lacrosse mb5.3(IntensityVII-VIII) mb7.5 (Intensity XI-XII from
New Madrid Zone (600 km)

*mb6.7 (Intensity X) from Wabash
Zone (530km)

Big dock Pt. mb5.3 (Intensi:y VII-VIII) mb7.5(IntensityXI-XII)from
New Madrid Zone (760 km)

*nb6.7 (Intensity X) from Wabash
Zone (650km)

*Controllingeventbaseduponhutt11andHerrmann(1978)interpretationofMississippi
Embayment Seismic Zoning.

|
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Table 2 .

Comparison of Predicted Peak Accelerations and Velocities Based upon Probabilistic*
and Deterministic ** Techniques

2Site Peak Acceleration (cm/sec ) Peakvelocity(cm/sec)
Probabilistic Deterministic Probabilistic Deterministic

1. Yankee Rowe 195 123 22 11

2. Hadden Neck 202 123 20 9

3. Millstone 184 123 18 9

4. Oyster Creek 161 123 18 9

5. Ginna 169 132 17 10

6.. Dresden 124 132 16 20

7. Palisades 102 132 15 12

8. Lacrosse 91 132 14 9

9. Big Rock Point 81 V ^ 132 11 9

*Probabilistic values are those associated with TERA-LLL's synthesis for the 1000
yr return period. Attenuation model used for sites 1-5 was 1980 Ossippee for sites
6-9 1980 Gupta-Nuttli. While explicit values assumed no background and a dispersion
of 7=0.9 + 2 7 This is estimated to be equivalent to intermediate background and
a dispersTon of 0 0.7, + 3 7

_ ,

** Deterministic values were computed using Table 1 and averages of results from
the following suites of predictive equations. ' ' '

Local Events - all sites, suite (a)
Distant Events - northeastern sites (1,2,3,4), Suite (b),

j central sites (6.7,8,9) Suite (c)
intermediate site'(5) Suite (a).

-

i

The suites of equations are:,

1

l a. Herrmann (personal comunication,1980), TERA-LLL Aug,1979, TERA-LLL 1980
Ossippee, TERA-LLL 1980 Gupta-Nuttli.

| b. Herrmann (personal comunication,1980) TERA-LLL 1980 Ossippee

|
c. Herrmann (personal comunication,1980),* TERA LLL Aug. 1979 TERA-LLL '1980

Gupta-Nuttli.
|

'
.

b

.
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Recor:rnended Probabilistic Spectra at Soil Sites and *

Recorded Spectra at Soil Sites
,

'
, , , , , , , , , , ,,,,, . . , ' ' ' ' '

'"
3 % N 'N! ,
.

.-

" . .

.

-

4
., .,

d

3
.

..
.>-

$' d % .,
.' .

'

-e ~-

s e
8

-,
/ q

--- 8 ' e-_
J W / ,/ ,

y y /
2

'/ t.?; // / s&
|0.0 jt ,/ ~

_

| Sf .'/o
*, .

c '

I //
-

g-

b. e#:

| f*
-

'
1.0 7e,v "

//: :<,
*

// -%
/ /'

*

-

. h,
~

/n, e-.

- | / / /
0.1

. . . . . . . > > > ' ' ' ' ' ' ' '

i 0.01 0.1 >''''.0 iO O1

PERIOOSEC.
y - Yankee Rowe
0 - Oyster Crehk
P - Palisades

3 L - Lacrosse
B - Big Rock Point .

84% - 84% spectra from nearby Mag. 5.? + .5 event
50% - 50% spectra from nearby Mag. 5.3 i .5 event

.

.

.

Figure 15

. . .

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



ATTACHMENT 4, ,.f ocyq
k UNITED STATES*/-
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MAY 2 0 1981

MEMORANDUM FOR: William Russell, Chief
Systematic Evaluation Program Branch
Division of Licensing-

\ yN
James P. Knight, Assistant DirectorTHRU:

for Components and Structures Engineering*
.

Division of Engineeringj

FROM: Robert E. Jackson, Chief
Geosciences Branch
Division of Engineering

SUBJECT: FINAL REVIEW AND RECOMMENDATIONS FOR SITE SPECIFIC
SPECTRA AT SEP SITES

On Ar.ril 24, 1981, we received the most important outstanding items related
to the Site Specific Spectra Study, Drafts of Volumes 4 and 5 of Seismic
Hazard Analysis (Lawrence Livermore Laboratories). Please find enclosed our
final review of this study with respect to the SEP. This review and our
recommendations were prepared by Dr. Leon Reiter of the Geosciences Branch

( and are attached to this memorandum. A sumary of these recommendations is:

1. We reaffirm the spectra recommended in the " Initial Review and
Recommendations for Site Specific Spectra at SEP Sites" (Memorandum
from R. Jackson to D. Crutchfield, June 23,1980).

2. We find no need to reduce the spectra at rock sites. This possibility
was raised in the June 23, 1980 Memorandum.

3. We have not taken into account possible anomalous site conditions at
Palisades, Lacrosse or Yankee Rowe.

4. Application of this study and its review recomendations to other sites
or other programs should be examined on a case by case basis.

We consider the recomended spectra and the evaluation of their conservatism
as described in the section entitled " Conservatism of Recomended Spectra"
in the attached review to be consistent with the general SEP approach. The
assessment of these spectra with respect to safety and design adequacy should
be considered within the context of structural and mechanical performance cf
plant structures, piping and equipment.

i
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William Russell -2-

Based upon our ongoing review of site geology to satisfy SEP Topics II-4;
Geology and Seismology, and II-4B: Proximity of Capable Structures to the
Site, we do not anticipate that our final review of these topics will have
any impact upon the recommended spectra.

Ro ert E. Jac n. Chief
Geosciences r nch
Division of gideering

'

Enclosure:
As stated

cc: w/ enclosure
R. Vollmer
D. Eisenhut
G. Lainas
W. Russell
T. Cheng
D. Crutchfield
F. Schauer

( H. Levin
L. Wight, TERA Corp.
G. Lear
L. Heller
D. Bernreuter, LLNL
GSB Personnel
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FINAL REVIEW AND RECOMMENDATIONS FOR SITE SPECIFIC SPECTRA AT SEP SITES
.

Purpose and Scope

This review presents final recomendations for Site Specific _ Spectra to be

used in the reevaluation of SEP plants. It supplements " Initial Review and

Recommendations for Site Specific Spectra at SEP Sites" (Memorandum from

R. Jackson to D. Crutchfield, June 23, 1980, and referred to below as Initial

Review) and is based uran those items reviewed for the Initial Review plus

the following documents.

(1) Seismic Hazard Analysis: Volume 4, NUREG/CR-1582, Application of

Methodology, Results and Sensitivity Studies (Draft) D. L. Bernreuter,

LLNL April 1981 NUREG/CR-1582. (ReferredtobelowasVolume4).

(2) Seismic Hazard Analysis: Volume 5, NUREG/CR-1582, Peer Review, Eastern
( Ground Motion Panel and Formal Feedback (Draft) D. L. Bernreuter LLNL,

April 1981 (Referred to below as Volume 5).

(3) Final Report Seismic Hazard Analysis: Results, TERA Corporation,

February 1981

(4) Introduction td Ground Motion Panel, TERA Corporation, February 1980.

(5) Second Round Questionnaire TERA Corporation, September 1980.
,

(6)SeismicHazardAnalysis: Solicitation of Expert Opinion Second Round

Questionnaire, TERA Corp., January 1981.

I

'
.
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All of the above documents and many of those listed in the initial review

will appear in their final form as text or appendices in volumes 4 and 5 of

NUREG/CR-1582 Seismic Hazard Analysis. Two segments of this~ study, Volume 2

"A Methodology for the Eastern U.S.." and " Volume 3. " Solicitation of Expert

Opinion," have already been published. Volume 1 of this series, which

represents an executive summary of the study, has not yet been submitted.

Items originally listed in the Initial Review which have not been received

are:

(1) Review of the Draft Seismic Hazard Analysis by the USGS,

(2) Additional Review and Connents by Drs. Newmark and Hall.

Licensee submittals for individual SEP sites are being handled by the SEP
(

Branch separately on a case by case basis.

Recommendations

In the Initial Review the following recommendati.on was made.

"It is recommended that the following spectra presented in the
Sensitivity Results (May 1980) be used as site specific free field
spectra.

- Eastern U.S. (Yankee Rowe, Connecticut Yankee, Millstone, Ginna,
Oyster Creek) "1000 year" spectra assuming no background and

- Ossippee Attenuation.

Central U.S. (Dresden, Palisades, Lacrosse, Big Rock Point) "1000 yr".

spectra assuming no background and Gupta-Nuttli Attenuation.

'
.

b
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These spectra account fcr gross site conditions (soil or rock) and
do not take into account any specific conditions which may result
in amplificatior, (Lacrosse, Yankee Rowe, Palisades).

It is also recommended that a minimum be established for which no .

spectra be allowed to go below. It is suggested that this minimum |

be the median (50th percentile) representation of real spectra for
a magnitude 5.3 earthquake. This minimum exceeds the "1000" yr
spectra for Big Rock Point, Lacrosse and Palisades at frequencies
greater than 2 to 3 Hz."

Based upon review of the documents and information received since preparation

of the Initial Review, we conclude that the recomended spectra as described

above in the Initial Review are appropriate for use in the Systematic

Evaluation Program. The rationale for this conclusion is discussed below.

Digitized ; response spectral values (5% damping) for each site and a scaling

relationship which can be used to derive spectra at other damping values are

attached to this review (Enclosure 1).

Basis for previous Recommendation

As described in the Initial Review the above reconmended spectra depend upon

several important assumptions by the staff. They are:

(1) The appropriate ground motion mode: tc be used in the Central-U.S. was

that based upon a modification 'of the Gupta and Nuttli (1976) relation.
.

,

(2) The appropriate ground motion model to be used in the northeastern U.S.

was that calculated from the 1940 Ossippee earthquake. The particular

version of the Ossippee model to be used is that which was originally

presented since it is more analagous to that used by Gupta and Nutt11

(1976) for the central U.S. and falls closest to theoretical models of
'

ground motion, '

.

# .
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3) The appropriate zonation assumptions should be intermediate between those

1:oeled " Background" and "No Background".

4) The appropriate dispersion assumed for ground motion estimation should be !
i

7 = 0.7 (natural logarithms) truncated at + 3 7
_

5) The reconnended spectra can be associated with return periods of the order

of 1,000 to 10,000 years.

The additional review herein concentrates upon the appropriateness of the

preceeding assumptions in light of the new matcrial received.

.

Feedback and Second Round Questionnaire

The most important item received since the previous review centers about

convening the experts for a round table discussion and the submittal by them

of answers to a second-round questionnaire. At the meeting of the experts

the results of the first questionnaire, calculated results, and sensitivity

parameters were presented and discussed. This meeting was followed by

submittal of a second round questionnaire which gave each expert the

opportunity to modify his input to the study regarding the seismicity models

used in the LLNL/ TERA analysis. In addition each expert was asked to

explicitly address those . issues which were not adequately discussed previously

and were shown to have an important effect upon the calculated spectra. It is

important to point out that in the interim (between responding to the first

and second questionnaires) there occurred an m ig = 5.2 earthquake in Kentucky.b

'
.

.
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This was the largest event to occur in the U.S. east of the Rocky Mts. since

the southern Illinois earthquake of 1968 and it provided an opportunity to

test the effect of new infomation upon the experts' input and the calculated

spectra.

Change in Seismicity Models

Most of the experts suggested some changes in their seismicity models. While

many of these changes were minor, some had possible major impact upon the

calculated results. One expert provided a significantly different seismic

zonation than he previously had provided..several changed their upper magnitude

cut-off and two experts suggested modified b values. Qualitative assessmer:ts

of the impact of these changes on calculated results were originally made

(Volume 5) indicating net changes in resulting ground motion for individual
(' experts ranging from a 5% decrease to a 30% increase in the central U.S. and

from a 15% decrease to a 15% increase in the eastern U.S. It was also felt

that the effects of these individual changes in the input would lead to

I changes in the synthesis that would certainly be less than 15% in the central

U.S. and less than 10% in the eastern U.S. * LLNL recalculated results (Volume 5)

for four of the experts. (The generic parameters were the same as those

recommended in the Initial Review). The experts selected were those for whom

most of the larger changes were indicated. Many of the changes were not as

large as originally anticipated particularly for the expert who had large

changes in zonation. As a result of the recalculations it was estimated (LLNL)

| that the change in any synthesis would be less than 10%. Based upon our
1

.
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examination of the individual results we believe that this can be even further

restricted to less than about 5%. This net change in synthesis ground motion

would be least (a very slight increase or decrease) in the eastern U.S. and

reach an increase of perhaps several percent in the central U.S. It is

important to note that probabilistic estimates remain quite stable in,

particular those based upon a syntheses of opinion even though some of the

input parameters may vary significantly. This is due primarily to the

balancing effects which result from the changes in different input parameters

for the same expert and the balancing effects which result from changes in

input, parameters from different experts.

Feedback on Generic Assumptions

The experts were asked to provide their input on generic assumptions previously

assumed in the study which were applied to all the inputs unifomly. With

respect to the assumption of " background" vs. "no background" most of the

experts (6) supported the original assumption of background (and zone

supposition) while the others were either unsure, rejected this concept or

offered no opinion on the subject.

With regard to the choice of the ground motion model the opinion was

diversified. Different models including some which were not previously

considered were recomended. There seemed to be a preference for intensity

attenuation based upon several earthquakes and the use of different models for

.
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the central and northeastern regions. Some recommended the use of theoretical*

models. With respect to the uncertainty assumed in the ground motion model

the experts recommended the use of standard deviations (tr) which ranged

fran CF= 0.5 to 7= 0.9 with some preference for the 0.6 to 0.7 range.

Effect of Second Round Ouestionnaire Uoon Conclusions of the Initial Review

As indicated above the preferred model for calculating risk suggested in the

Initial Review assumed Gupta-Nuttli intensity attenuation in the central U.S.,

Ossippee Intensity attenuation in the eastern U.S., a dispersion of F= 0.7

13 cr and an intermediate position between " background" and "no background".

Zone superposition was assumed to be coincident with the assumption of

background. Since calculations were not carried specifically for this model

of dispersion and background, existing models were examined and we concluded
'

I that the calculations based upon CT= 0.9127 and no background would approximate

the desired results. The higher level of ground motion (t7 to +10%) in the

calculated result which was caused by assuming greater dispersion was

balanced by the lower level of ground motion (-Z to -10%) in the calculated

result which was caused by assuming nb background.

'

.

.

With respect to generic assumptions in the Initial Review, input from the

Second Round Questionnaire can be summarized as follows.

.

f

f
I
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i' 1) There is no preferred guidance from the experts as to which intensity

attenuation relation should be used.

2) The use of a standard deviation of 7= 0.6 to 0.7130 (Second Round

.expertpreference)ascomparedtotheuseof 7= 0.9120' would result

in a decrease of 10 to 15% in estimated ground motion at the level

recomended in the Initial Review (Volume 5).-

3) The use of a generic seismicity model which favored the use of background

(SecondRoundexpertpreference)withrespecttoamodelwhichassumedno

background would result in an increase of about 10% or more in estimated

ground motion at the level recomended in the Initial Review.

j
4) The use of revised inputs for seismicity and zonation would result in an

estimated change of 5% or less in estimated ground motion at the level
;

recommended for the various sites in the Initial Review.

Based upon the above discussion, we estimate that inclusion of input from

the Second Round Questionnaire would lead to calculated site specific spectra

which would be roughly similar to those recomended in the Initial Review

differing at most by several (less than 10) percentage points. This is not

to say however that an individual expert would not or could r.ot provide
.

input that would lead to calculated' spectra that were different. Slight

variations in the choice of attenuation model and ground motion dispersion

alone could have a major impact upon the results. What these results do

indicate however is the relative stability of integrated-estimates synthesized

from different individual input assumptions.

'
.

.
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Comparison with Other Studies

The Final Report Seismic Hazard Analysis: Results (TERA Corporation,1981)

includes a comparsion with several other seismic hazard studies. In general

it was found that when using input taken from other studies with the TERA

computer code, the same results were obtained and that the difference

between these results and those obtained using input from the expert panel

could be explained by differences in assumptions. One of the studies compared

was a probabilistic assessment of ground motion carried out to assess the

likelihood of liquefaction at Lacrosse (Dames and Moore,1980). Taking into

account the variations in input, the Dames and Moore (1980) study and that

performed by TERA-LLNL are in close agreement.

( An interesting comparison was also made utilizing a " pseudo-historical"

analysis at Dresden and Yankee Rowe. In this analysis, no zonation is

assumed and the probability of exceeding a given level of ground motion is

determined entirely from the historical record. Lacking instrumental records

the ground motion itself is estimated from a given attenuation model. These

estimates are sensitive to the inclusion of rare events such as the 1811, 1812

New Madrid Series and have not been corrected for homogeneity or upper magnitude

cutoff. They do however yield results that are generally within the range of-

ground motion estimates calculated from the inputs of the individual experts

for these sites.
.

.
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JI Adeauacy of Spectra for Rock Sites'

In the cover letter to the Initial Review it was indicated that a reduction

in spectra at intermediate and low frequencies may be called for at rock sites

(Dresden, Ginna, Haddam Neck an.1 Millstone). The change (Table 5-2 Final

Report Seismic Hazard Analysis: Results. TERA Corporation,1981) was

recommended by TERA Corporation based upon its restructuring (weighting) of

the strong motion data set used in ground rotion estimation primarily to

avoid overemphasis upon the 1971 San Fernardo Earthquake. While this

restructuring may be valid for estimating ground motion as a function of

magnitude and intensity or distance, LLNL has pointed out (Volume 4) that

it also results in a significant reduction in the number of rock records since

many such records resulted from the San Fernando Earthquake. We agree

therefore with LLNL's assessment that the original nonweighted model is more

appropriate for detemining differences in t/ound motion between rock and

soil sites and no reduction is called for.,

Conservatism of Reconrnended Spectra

Our estimate in the Initial Review was that although the recommended spectra

f were la' belled "1000 year" spectra the actual return periods associated with

these spectra were longer. TERA Corporation h'ad estimated these actual return

periods to be closer to 5,000 or 10,000 years. While we were not sure what

the precise estimates were we concluded that they were consistent with the

previous implicit acceptance of design spectra that were assumed to have return

periods of the order of 1,000 or 10,000 years. As a result of this final review

we find no new infonnation that changes our previous estimate.

'
.

,
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Since other levels of ground motion-spectra could fit into this range of !
'

probabilities it is worthwhile reexamining the criteria by which the

recommended spectra were found to be appropriate.

1. These spectra, whatever their true return periods actually are, represent

approximately equivalent levels of seismic hazard at the different SEP sites

currently being considered and represent a more consistent estimate to be

used in seismic analysis than standard " deterministic" procedures. These

" deterministic" procedures generally rely upon tectonic provinces and

controlling earthquakes regardless of the size of the tectonic province

or the frequency of earthquake occurrence. As arresult, these procedures

can lead to the acceptance of different levels of seismic hazard at

different locations.. The recomended spectra generally indicate a

I( relatively greater earthquake hazard associated with sites in the

northeast when compared to sites in the upper midwest.'

2. When compared to the deterministic procedure recomended for use in the

SEP in fMREG/CR-0098'the recomended spectra as a group bracket the 50th

,

and 84th percentile deterministic spectra as calculated in the Initial

Review.
i .
.

l

3. When compared to non-probabilistic site specific spectra derived from real

records, an approach currently being pursued with many OL reviews, the

recomended spectra vary from the 84th percentile to the 50th percentile

representation of a magnitude 5.3 earthquake. The 50th percentile o'f the

|' .

.
.
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spectra from real records was specified in the Initial Review as the

minimum which recommended spectra would not be allowed to fail. The

84th percentile is that level which has been used in OL reviews.

4. The recommended spectra form a band centered about the Regulatory Guide

spectrum anchored at 0.19 New plants licensed in these areas would most

likely utilize peak accelerations of 0.12 to 0.20 g to anchor the

Regulatory Guide Spectrum.

Based upon the above discussion we consider this approximate overlap of the

higher of the recommended spectra with the mid to lower range of those spectra

estimated applying current deterministic criteria to indicate that the

recommended spectra can be generally associated with the higher end of the

( range of implicitly assumed seismic hazard that has been found acceptable

using current criteria.

Lacking more defined levels of acceptable seismic hazard and a prescribed'

|
method for calculating this hazard, the use of individual and often

non-quantifiable judgement cannot be avoided in assessing the results of this

study so as to integrate it with other techniques into a decision-making

framework.

Based upon the above comparison it is our position that the recomended

spectra represent the appropriate levels of free field ground motion to be

used in the SEP for the purpose of evaluating the seismic design adequacy

of the selected plants.

'
,

,

.

~ , - -



.

* ~

. ..

-13-- . .

(
Application of this study and its review reconnendation to other sites or

other programs should be examined on a case by case basis.

Anomalous Site Conditions

As was indicated in the Initial Review these spectra only account for gross

site c'onditions (soil or rock). No attempt was made to consider soil

amplification beyond that already inherent in the soil records used in the

study. Lacrosse, Palisades, and Yankee Rowe have been identified as having

site conditions which may be anomalous with respect to thore site conditions

associated with the soil records used in this study.

(.
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'

Mr. Frank Linder, General Manager '''' ,e* *" '
/Dairyland Power Cooperative b-

Post Office Box 817
2615 East Avenue South 4 "
Lacrosse, Wisconsin 54601 w |i

,

Dear Mr. Linder: -

.

SUBJECT: SEP TOPIC III-6. SEISMIC DESIGN CONSIDERATIONS
LACROSSE BOILING WATER REACTOR

'

In accordance with 10 CFR 50.54(f) of the Comission's Regulations, our
letter to you dated August 4,1980 requested that you submit plans and
proceed with a seismic reevaluation program for Lacrosse Boiling Water

.Reactor and that you provide justification for your conclusion that
continued operation is justified in the interim until the seismic ~

reevaluation and any necessary upgrading, as results from this
-

reevaluation, are complete. The staff has completed the review
of the information supporting continued operation contained in your
letters dated October 14, 1980 and June 12, 1981 and the letter from
Craig Finnan, NES, to R.E. Shimshak, DPC, dated April 21, 1981.
Furthermore, the staff and its consultant (Dr. W.J. Hall of University
of Illinois) visited the site to evaluate the seismic resistance of
the facility. As a result of this review, the staff has. concluded
that continued operation of the Lacrosse Boiling Water Reactor is
justified under the following conditions:

(1) results of seismic analyses are submitted for NRC review on the -

schedule specified in your. June 12, 1981 letter; and

(2) any modifications shown to be necessary as a result of the
.

,

seismic analysis which are npt implemented by January 1, *

1983 were justified on a case by case basis with..a -

schedule for implementation.
. .

Enclosed is our Safety Evaluation Report. ,.

Sincerely. -

h f/
'

.
:

Denn s M. Cruteftf e , Chpr " , . -
~

.

Operating Reactors Branch #5
'

Division of Licensi.ng *

,

Enclosure: *~~

As stated .

*
. -

cc: See next page .-
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. Mr.. Frank LindEr-
.
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CC
Fritz Schubert, Esquire U. S. Environmental Protection
Staff Attorney Agency ,,

Dairyland Poser Cooperative Federal Activities Branch |
2615 East Avenue South Region V Office
La Crosse, Wi'.consin 54601 ATTN: EIS C00RUGEATOR

.

230 South Dear &nra Street
O. S. Heistand, Jr., Esquire Chicago, Illinois 60604
Morgan, Lewis & Bockius
1800 M Street, N. W. Mr. John H. Bucit
Washington, D. C. 20036 Atomic Safety and Licensing Appeal Board

U. S. Nuclear Regulatory Comission
Mr. R. E. Shimshak Washington. D. C. 20555 -

La Crosse Boiling Water Reactor
'

Dairyland Power Cooperative Dr. Lawrence R. Snarles
P. O. Box 135 Kendal at Longwassi, Apt. 51
Genoa, Wisconsin 54632 Kenneth Square, Pennsylvania 19348 -

Ms. Anne K. Morse Charles Bechhoefier. Esq., Chairman '

Coulee ' Region Energy Coalition Atomic Safety audiicensing Board,

.

P. O. Box 1583 U. S. Nuclear Regulatory Comission
La Crosse, Wisconsin 54601 Washington, D. C. 20555 -

,

La Crosse Public Library Dr. George C. Ameerson
800 Main Street Department of Oceanography
La Crosse, Wisconsin 54601 University of Wastiington

Seattle, Washingenn 98195'
-

U. S. Nuclear Regulatory Comission
Resident Inspectors Office Mr. Ralph S. Decturr

;

Rural Route fl. Box 276 Route 4, Box 1908
Genoa, Wisconsin 54632 Cambridge, Maryland 21613*

Town Chairman Thomas S. Moore .

Town of Genoa Atomic Safety andlicensing Appeal Board
Route 1 U. S. Nuclear Regulatory Comission *
Genoa, Wisconsin 54632 Washington, D. C 20555*

'

Chairman, Public Service Comission .

*

of Wisconsin ..

Hill Farms State Office Building .

' -

Hadison, Wisconsin 53702'
,-
'

''

Alan S. Rosenthal, Esq., Chairman ,

Atomic Safety and Licensing Appeal Board .
.

'

U. S. Nuclear Regulatory Comission
Washington, D. C. 20555 ,

,

Mr. Frederick Milton Olsen. III [. ~ _

609 North lith Street -

'' '

Lacrosse, Wisconsin 54601
.
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BASES FOR CONTINUED OPERATION, ,
'

LACROSSE BULLING WATER REACTOR' '

'' -

1..
, ,

INTRODUCTION
-. .. !

In accordance with the Commission Regulation 10 CFR 50.54 f a letter was i

issued on August 4,1980 to Dairyland Power Cooperative re(qu)e, sting the
licensee to' provide justification for continued operation for. the interim *

..

until the seismic reevaluation program is complete,. In response to this
letter, the licensee submitted its basis for continued operation.on October '

14',1980. More recently, a telecopy of Craig Finnan's (NES) letter to R. E.'

Shimshaki DPC dated April 21,1981 was received by the staff.- In this letter. '
-

a response to certain staff's questions was discussed. On May 22,1981 the
staff and its consultant, Prof. W. J. Hall of University of 111L.31s, made~

a site visit to the plant to discuss with the DPC and its consultants the ~
,

ongoing seismic analyses and related studies and the seismic retrofitting '

that is in progress. The staff's evaluation of the basis for continued ,

operation follows.

Seismic Hazard Consideration .

The staff, in its letter dated August 4,1980, directed the licensee to -

conduct the seismic reevaluation of Lacrosse Nuclear plant using the site
specific spectrum (0.11g peak ground acceleration) as the free field ground '-

motion. The adequacy of this site specific spectrum was confirmed by the
,

-

staff through a letter dated June 17, 1981. - This ground motion is equiva--

1ent to an earthquake with return period between 1,000 years and 10,000-

years.
-.

_ Seismic Resistance of Structures. Systems and Components
+

| In 1974, the licensee completed a seistic analysis of the plant facilities
(reactor building, reactor pressure vessel, main steam, main feedwater
and recirculation pipings, and other fluid and electrical distribution'

systems) as part of basis for its FTO( application. Regulhtory Guide'

1.60 Spectrum scale.d to 0.12g peak ground acceleration was used as input .

ground motion. This spectrum completely enveloped the site specific
spectrum recommended by the staff, i.e., it is more conservative than
the site specific spectrum. The results of this analysis are highlighted
below:

. . ..

Positive safety margins .of reactor building structures were-
-

. .

identified
-

,..

i Additional pipe restraints were found to be necessary for High ..

Pressure Core Spray, Main Steam Main Feedwater and Recirculation
pipings from the results of analyses performed using 0.12g R. G. -

1.60 Spectrum input ground motion. So far, a total of twenty-five .

restraints have been installed to High Pressure Core Spray system. '

..~ The design of additional restraints in preparation for upgrading is ' -
.-

currently underway. -
'

. .

.
.
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The structural model use'd for these analwith current staff criteria (2-D vs 3-D)yses was not consistent.

However, the combina' -.

tion of stresses was by a more conservative absolute addition .
*

method. The use of a 2-D structural model with absolute --

summation of response is conservativa and acceptable.

Since 1978, the following additional seismic issues have"been addressed** '

and resolved under the SEP seismic review. Furthermore, the licensee in -
response to NRC letters' dated August 4,1980 and April 24,1981, has
initiated a seismic reevaluation program that is scheduled for completion
by January 1983.

,

Soil liquefaction is not problematic for 0.12g peak ground -

.

acceleration at Lacrosse site. (NRC Safety Evaluation dated
February 25, 1981.) .

In response to NRC " Anchorage and Support of Safety-Related ..

Electrical Equipment" issues dated January 1,1980 and
July 28,1980, a total of 43 items were inspected by the -

licensee and its consultants (DPC letter to NRC dated.

5/30/80). All the items were satisfactorily anchored and --

supported or were upgraded (DPC letter to NRC dated 4/23/81). .

,

.

In addition, the staff and their consultant verified during Ma 22, 1~981
site visit that alternate sources of cooling water and power (yincluding'
emergency gasoline motor driven pumps) have been provided to remove

- decay heat. The report of the staff's consultant regarding continued
operation of the facility is attached (Enclosure 1).

CONCLUSION .-
,

Based on the acceptable results provided to date from the analyses of the
plant structures, systems and com>onents, the upgrading of high pressure
core spray system, the proper anclorage and support of safety related-

,

electrical components, the addition of redundant cooling water supplies.
and the inherent capacity of the remaining plant structures and systems-

as well as the low seismic hazard associated with the Lacrosse site,
the staff concludes that the continued operation of Lacrosse Boiling .

Water Reactor during the seismic reevaluation of the facility and the
implementation of any modification.shown to be necessary as a result of.

seismic reanalysis is justified under the following , conditions:
''

(.1) results of seismic analysis are submitted for NRC review on-

the set.edule specified in the licensee's June'12,1981 letter; .
and

(2) any modifications shown to be necessary as a result o'f the .'
seismic analysis which are not implemer.ted by January 1,1983 .-
are justified on a case by case basis with a schedule for
implementation.

-
.
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Docket No. 50-155

!

t

Mr. David P. Hoffman
Nuclear Licensing Administrator
Consumers Power Cogany
212 West Michigan Avenue
Jackson, Michigan 49201

,

,

'

Dear Mr. Hoffman:

SUBJECT: ANCHORAGE AND SUPPORT OF SAFETY RELATED ELECTRICAL EQUIPMENT

References: 1. Letter from D. Eisenhut to SEP Licensees, dated
January 1,1980

,

'

2. Letter from R. Schaffstall to 0. Crutchfield, dated
July 3,1980

Reference 1 identified a potential safety concern relative to the anchorage
and support of safety related electrical equipment and requested that you ',

initiate a program to resolve this issue including the installation of any
required modifications by Septenber 1,1960. Reference 2 describes a program

'

which was developed by the Systematic Evaluation Program Owners Group in
response to comments made by members of the NRC staff at a May 14,1980
meeting in Bethesda. As a result of your coments and our review of Reference
E, we are providing additional guidance to you,as indicated in the Attachments. i

Attachment 1 provides guidance as to the expected scope of your investigations'

i and information which should be documented for our review. A suggested format
| for this documentation is provided in Attachment 2. Due to the lack of
| i clarification relative to certain requirements of Reference 1 and in particular

the issue of support of internally attached electrical cogonents, we will
permit an extension until December 31, 1980 for cogletion of this pro ~ gram.
This shall include the installation of any modifications which may be
required as a result of your investigations. Any modifications shall De
made in accordance with 10 CFR 50.59 of the Comission Regulations. We
request that formal documentation sumarizing your program be submitted
to this office by Decenber 31, 1980.

Existing plant floor response spectra or floor response spectra coguted
or estimated from the NRC Site Specific Spectra Program are acceptable

.

..

.
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Mr. David P. Hoffman -2-

for use in your evaluation. The conservatism of these loadings shall be
verified when the final floor response spectra are available.

Sincerely,

Dennis H. Crutchfield, Chief
Operating Reactors Branch #5
Division of Licensing

Attachments:
As stated .

cc w/ attachments:
See next page

~
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UNITED STATES~!V NUCLEAR REGULATORY COMMISSION; -(gr g
WASHINGTON, D. C. 20555,j ;

k.v4/...

M 20Docket No. 50-155

.

Mr. David P. Hoffman
Nuclear Licensing Administrator
Consumers Power Cogany
212 West Michigan Avenue
Jackson, Michigan 49201

Dear Mr. Hoffman: -

i SUBJECT: ANCHORAGE AND SUPPORT OF SAFETY RELATED ELECTRICAL EQUIPMENT

References: 1. Letter from D. Eisenhut to SEP Licensees, dated
January 1,1980

2. Letter from R. Schaffstall to D. Crutchfield, dated

July 3, 1980

Reference 1 identified a potential safety concern relative to the anchorage
and support of safety related electrical equipment and requested that you
initiate a program to resolve this issue including the installation of any
required modifications by September 1,1980. Reference 2 describes a program
which was developed by the Systematic Evaluation Program Owners Group in
response to coments made by members of the NRC staff at a May 14, 1980
meeting in Bethesda. As a result of your comments ar.d our review of Reference
2, we are providing additional guidance to you as indicated in the Attachments..

Attachment 1 provides guidance as to the expected scope of your investigations
and information which should be documented for our review. A suggested format
for this documentation is provided in Attachment 2. Due to the lack of
clarification relative to certain requirements of Reference 1 and in particular

; the issue of support of internally attached electrical cogonents, we will,

| permit an extension until December 31, 1980 for cogletion of this program.
This shall include the installation of any modifications which may be'

required as a result of your investigations. Any modifications shall be
made in accordance with 10 CFR 50.59 of the Commission Regulations. We

| request that formal documentation summarizing your program be submitted
,

|
to this office by December 31, 1980.

Existing plant floor response spectra or floor response spectra coguted
or estimated from the NRC Site Specific Spectra Program are acceptable

t

-

,
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; for use in your evaluation. ThesconservatisWof these loadings shall be w '

!verified when the final floor response specVra are available. N

* '

Sincerely, s-s ,

, . .s> .

' ..:,
.*kjk -

| w ,4 f -s '\-

,

g t,ennis M. Crutchfield,' Chief --qt ', 7 %*
Operating Reactors Branch #5 _ +

e '. g,.

tYvision of Licensing , )' 3'

/ ,'s M, ; ,-
, ' .,

Attachments: ,, ; <\'\
'

.,

As stated s -tJ
Q.. ?. >

' '

cc w/ attachments:
See next page w
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4' Mr. . David P. Hoffman

.

: '

f CC
Mr. Paul A. Perry, Secretary U. S. Environmental Protection
Consumers Power Conparty Agency;

i,, 21_2 West Michigan Avenue Federal Activities Branch
: Jackson, Michigan 49201 Region V Office
'

. ATTN: EIS COORDINATOR
I , ' , Judd L. Bacon, Esquire 230 South Dearborn Street.

~ Consumers Powe; Conpany Chicago, Illinois 60604
212 West Michigan Avenue-

_ 1 Jackson, Michigan 49201 Herbert Grossman, Esq. , Chairman .

1- Atomic Safety and Licensing Board
Joseph Gallo, Esquire U. S. Nuclear Regulatory Comission

' |s Isham, Lincoln & Beale Washington, D. C. 205554

1120 Connecticut Avenue'

.,

Room 325 Dr. Oscar H. Paris
Washington, D. C. 20036 Atomic Safety and Licensing Board

i U. S. Nuclear Regulatory Comission
Peter W. Steketee, Esquire Washington, D. C. 20555i

505, Peoples Building|'
Gran.1 Rapids, Michigan 49503 Mr. Frederick J. Shon

Atomic Safety and Licensing Board '

Sheldon, Harmon and Weiss U. S. Nuclear Regulatory Comission
1725 I Street, N. W. Washington, D. C. 20555
Suite 506
Washington, D. C. 20006 Big Rock Point Nuclear Power Plant

ATTN: Mr. C. J. Hartman
Mr. John O'Neill, II Plant Superintendent

' Route 2, Box 44 Charlevoix, Michigan 49720
Maple City, Michigan 49664

Christa-Maria
^

Charlevoix Public Library Route 2, Box 108C
107 Clinton Street Charlevoix, Michigan 49720
Charlevoix, Michigan

William J. Scanlon, Esquire
.Chafrman 2034 Pauline Boulevard
Ccunty Board of Supervisors Ann Arbor, Michigan 48103
Charlevoix County
Charlevoix, Michigan 49720

*

h,

Office of the Governor (2);,,5
Roca^1 - Capitol Building'

Lansing, Michigan 48913
,s

Director, Technical Assessment
Division

Office of Radiation Programs
(AW-459)

U. S. Environmental Protection
Agency

Crystal Mall #2
Arlington, Virginia 20460

,

%
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, ATTACHMENT 1
ANCHORAGE AND SUPPORT OF SAFETY

~ '

RELATED ELECTRICAL EQUIPMENT
POINTS TO BE ADDRESSED BY SEP
LICENSEES IN DECEMBER 31, 1980

SUBMITTAL

_

l. Information should be provided not only for the anc.'1orage of electrical
equipment but also the entire support that provides a load oath (such as
bracing and frames), as well as support for internally attached components.
The latter is especially important for cabinet or panel type electrical
equipment (such as control panels, instrument panels, etc.) which has
internally supported components. An example of a potential improperly
supported internal component would be a heavy component cantilevered off -
a front sheet metal panel without additional support to a stronger and'

; stiffer location. These inadequate supports for internal components also
' should be identified and corrected before December 31, 1980.

2. In order towrify that an anchorage or a support of safety related
electrical equipment has adequate capacity, provide justification by
test, or analytical means. If expansion anchor bolts exist, justifi-
catiofi provided previcusly for IE Bulletin 79-02 can be utilized if
applicable. The acceptance criteria for substantiating these judgements
should be provided, this may involve specifying the factor of safety and
allowable stress ifmits used for design and justifying the overturning,

moment and shear force used.

3. Provide a table listing all (to 'nclude both floor and wall mounted) safety
related electrical equipment in .he plant. For e:ch piece of equipment
provide the information described in the attached table (attachment 2).

These investigations of each piece of equipment should determine:

a. Whether positive ' anchorage or support exists -

[ b. The type of anchorage

| c. Whether internally attached components are properly supported

d. Identify non-seismic Category I equipment, the dislodgement 'of which-

during an earthquake may be detrimental to safety related equipment
and render them inoperable. Inspection of, the anchorages of such

| non-seismic Category I equipment should be conducted. If positive
' anchorages do not exist, they should be identified and modified

before December 31, 1980.

4. Wherever modifications of anchorages or supports are required, these,

modifications should be implemented and thoroughly occumented.|

5. The seismic design of cable trays may be treated as a separate problem,
because of its complexity. Each licensee or the SEP Owner's Group. should
pr avide a separate action plan for the resolution of this issue within 30
days of receipt of this letter.

-
,

4
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f ATTACllMNT 2
SuttMRY OF INYESTICATION OF ANCll0 RAGE AND SUPPORT OF

SAFETY RELATED ELECTRICAL. EQUIPMENT AND NON-5EI5ffic CATEGORY I
ITEMS TilAT MAY DAMAGE Tills EQUIPMENT -

<

System Internally ftlached Components Non-Setsmic Cat i Items I.D. of "

Equip. Eq'u l p. In Which Location' Type of Was Anchorage Modified tquip. h& tnt 'T}pu v "Was 5uppuio that could potentially Docwent
.*

Nare ID Installed Bldg. & Eley. Anchorage * Since Jan. 1, 1980 & ID Support Evaluated litts.ra3 : with th is eqttp. Supportingt i
Nase & lype of Was Support Conclusion

ID Support Evaluated

I.
*

l

|
,

3

|

.

!
:

.

1

.s

h | h

;

i ,

4 .

'Exaspies of Type of Anchorage:
1. Bolted to Equipment
2. Bolted to Concrete Wall
3. Bolted to Concrete Slab,

E, 4. Bolted to Block Wall
5. Welded to Esbedded Channel'

(,
'

.. .
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g 'g NUCLEAR REGULATORY COMMisslON Mb
g j WASHINGTON, D. C. 20566
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%,*.../ January 15, 1979

Docket No. 50-155

Consumers Power Company
ATTN: Mr. David A. Bixel

Nuclear Licensing Administrator
212 West Michigan Avenue
Jackson, Michigan 49201

Gentlemen: '

RE: BIG ROCK POINT

As part of the Systematic Evaluation Program (SEP) the NRC staff has
completed a. search of your docket for pertinent infomation related to
the seismic design bases of your facility. We find that your docket
lacks sufficient infomation concerning the seismic design input and
structural capability for safety-related structures, systems and equip-
ment to withstand * earthquake effects to enable us to complete our
evaluation.

As you know, the major NRC regulations dealing with seismic design are
10 CFR Part 50, Appendix A (General Design Criterion 2) and 10 CFR Part
100, Appendix A. We recognize that both of these regulations were
issued subsequent to the design of your facility. However, one of the
objectives of the SEP is to compare the original design basis with
current criteria. Currently, the infomation on the docket is not
sufficiently complete to adequately address the potential hazard of
earthquakes, nor to detemine whether backfitting of additional seismic
resistance would provide substantial additional protection required for
safety. '

We recognize that your facility possesses inherent structural capabili-
ties to withstand earthquake effects. However, there is insufficient -

information docketed to adequately. quantify such capability. We believe
that a significant effort on your part may be required to assess the
seismic safety margins of your facility. This matter has been generally
discussed with your representatives, as part of the SEP, to assure that
the issue will be properly resolved within the time frame of the SEP..

VAD /
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Consumers Power Company -2- January 15, 1979
|

While the docket does not contain sufficient infonnation on geologic and
seismic input to allow a comparison to current criteria, seismic input
information for your facility could be developed based on current criteria
and a bounding conservative assessment; however, evaluation of various
site specific response spectra methodologies may demonstrate a more
realistic approach in detemining seismic input. Staff effort in these
methodologies is expected to lead to acceptable procedures for detennining
site specific spectra. We encourage you to closely follow the progress
of our work aimed at the development of a seismic input for your facility.

Although we have undertaken this seismic input effort, we expect you to
be responsible for a documented seismic design basis for your facility.
In addition to seismic input, this would include analyt1 cal or other pro-
cedures for demonstrating that acceptable structural design criteria are
satisfied. The staff expects to work with you in this effort, especially
in the areas of definition of acceptable seismic structural design criteria
and seismic input.

If you wish to follow such an approach, as suggested by the staff, please
inform us within 30 days. Additionally, please prcvide, within the next
90 days, a description outlining your program for documenting a seismic
design basis and a program schedule. To provide maximum assurance that
both the scope and schedule are acceptable, we suggest that detailed working
meetings for your facility in the next 90 days would be beneficial.

incerely,

k
'. r ello, orp

Division of Operating Reactors
Office of Nuclear Reactor Regulation

cc:
See next page

,,

,
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Consumers Power Company -3- January 15, 1979

CC;

Mr. Paul A. Perry, Secretary
-

Consumers Power Company
212 West Michigan Avenue
Jackson, Michigan 49201 -

Judd L. Bacon, Esquire
Consumers Power Company
212 West Michigan Avenue
Jackson, Michigan 49201

Hunton & Williams
George C. Freeman, Jr., Esquire
P. O. Box 1535
Richmond, Virginia 23212

.

Peter W. Steketee, Esquire
SC5 Peoples Building
Grand Rapids, Michigan 49503

\

Charlevoix Public . Library
107 Clinton Street
C t 1+. .ix , Michigan 49720

t
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January 17, 1980

Docket No. 50-213

Director of Nuclear Reactor Regulation _

Attn: Mr D. L. Ziemann, Chief
Operating Reactors Branch #2

U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Reference: (1) Su= mary of Meeting Held on August 29, 1979,.J. J. Shea
to CYAPCO, dated September 26, 1979.

Gentlemen:

Haddam Neck Plant
Systematic Evaluation Program

Seismic Reevaluation
/

\*) During a meeting held in CYAPCO offices on August 29, 1979, Connecticut Yankee
Atomic Power Company (CYAPCO) representatives made a brief presentation regarding
the status of the Seismic Reevaluation Program for the Haddam Neck Plant. At
the end of the meeting, the Staf f requested additional details concerning the
program. As documented in Reference (1), it was originally CYAPCO's intention
to provide a criteria document to the NRC Staff during November,1979.
This effort had been delayed, primarily because of the urgency associated
with implementation of the TMI-related improvements and in complications -

associated with the development of site-specific spectra.

In response to the Staff request, the follnwing information is hereby provided.

The CYAPCO proposed program is comprised of five distinct parts.

(1) , Geology / Seismology

In response to the questions raised by the NRC Staff, CYAPCO has
already begun an extensive research effort, with regard to the
regional and site-specific geology / seismology. This effort is '
directed at reevaluating the geological basis which served
as input in the original seismic design of the Haddam Neck
Plant, in light of more recent geological information
currently being discussed among the scientific community. OM

SO
iv) ||Yo
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[' (2) Site-Specific Spectra
t 1

\'
IDiscussions with the Staff will continue in an effort to develop a ,

mutually acceptable approach. This section will be addressed in a
supplement to this submittal. -

(3) Containment Model

CYAPCO proposes to analyze the seismic response and evaluate the structural
capability of the containment structure at the Haddam Neck Plant for
the effects of the safe-shutdown earthquake. Floor response spectra
will also be generated for use in Part (4) below.

(4) Reactor Coolant System (RCS) Model

CYAPCO is proposing to analyze and evaluate the structural response of
the RCS piping, RCS components, and the supports of RCS components
(i.e. , reactor vessel, steam generator, reactor coolant pump,
pressurizer) for effects of the design basis earthquake.

(5) Other Stcuctures

CYAPCO proposes to analyze and evaluate other structures which house
equipment necessary to effect a rr.fe-shutdown (screenwell, primary
auxiliary building, control room, auxiliary feedwater pump room)

f' ?g following a scirmic event and coincident loss of offsite power.
( ) Floor level response spectra will be generated at appropriate locations
N- / within the structures.

The efforts described above will result in an assessment of the integrity of the
reactor coolant pressure boundary (RCPB) and in the generation of information
necessary to assure the ability to effect a safe shutdown -- the documented
objectives of the SEP seismic evaluation. *

CYAPCO and our consultants have expended considerable effort aimed at accomplish-
ment of the objectives laid out in that meeting.- Significant effort has been
expended in reevaluating the seismic hazard at the Haddam Neck Plant, data

,!

gathering, modeling of important plant structures, and modeling of the reactor
coolant system. Site visits have been made by our consultants to verify and
, supplement information on CYAPCO drawings, specifications, etc.
Simplistic, preliminary calculations have been performed by our consultants on
some structures to enable them to determine appropriate methods for final
analyses, and reduce the time span required for those analyses. It is
currently anvisioned that development of mutually acceptable site-specific

'

response spectra vill govern the timetable for completion of this program. k-

i Portions of the CYAPCO program are provided in Attachment 1 Seismic Reevaluation

| Program, Criteria Document. The attached material should be viewed as a draft,
which will be finalized concurrent with the development of site-specific

)~_
.

.
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spectra and resolution of other technical aspects of the program not addressedl

'- ' in the attached draft. The sections attached address criteria for reassessment
of the structural adequacy of safety-related structures and the reactor
coolant system piping and components under SSE loads. The remaining sections
are in various stages of development and will be provided as soon as they are
available.

Consistent with statements made by senior management within the NRC Staff,
since this program will involve a considerable amount of resources from each of

; our organizations, it is CYAPCO's intention to obtain the concurrence of
the NRC Staff regarding this program, prior to its execution. Exempted from this
statesent would be those aspects of the effort, such as RCS modeling, which would
not be significantly impacted by future negotiations on this subject.

We trust you find the above information response to your request.

Very truly yours,

-

CONNECTICUT YANKEE ATOMIC POKEE COMPAh"f

'1AA'.

. W. G. Counsil
Vice Fresident

[ \ Attachment
\s_ l *
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3

PRIMARY COOLANT LOOP SYSTEM ANALYSIS

A. SCOPE,

The purpose of this document is to present the analytical methods-

i

and stress criteria which will be used for the Connecticut Yankee pri-
;

mary coolant loop system seismic qualification program. - The program,

will include static analysis of the primary piping / support system for

normal operating thermal, pressure, and deadweight loads along with:

I

dynamic system analysis for seismic loads. Stress criteria will be'
1

i presented for the piping, supports, and primary equipment,
i

i

B. BACKGROUND

In the years since the Connecticut Yankee generating station

was designed seismic analysis methods have become more rigorous and !

! the ASME Boiler and Pressure Vessel Code, Section III, Nuclear Powe'r
i

; Plant Components, has been published reflecting changes in analysis,
)

i design, and quality control techniques. The purpose of this criteria
-

document is to establish requirements for performing the upgrading .
,

j seismic analyses of the primary coolant loop system with current
i

j technology.
i

'The original design criteria used for analysis of this plant 's
primary piping system is the #iSI B31.1 Code for Pressure Piping. The;

reactor pressure vessel, steam generator, and reactor coolant pump ' b

,'. were designed and analyzed to the rules of the ASME Code Section VIII.

For the purposes of this document, the reactor coolant loop
,

i piping shall be considered to consist of the hot legs, cold' legs,
! s_/ crossover legs, and pressurizer surge line. The primary equipment.

,

.
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considered in this document consists of control rod drive mechanism,,,_

k reactor vessel internals, reactor pressure vessel, steam generator,
reactor coolant pump, and pressurizer. The supports covered by the

criteria in this document are those for the reactor pressure vessel,
the steam generator, reactor coolant pump, and pressurizer.

C. LOADING CONDITIONS

The reactor coolant loop piping, supports, and components will
be analyzed for the following loading conditions:

1. Normal condition operating pressure, deadweight, and
temperature.

2. SSE Condition Seismic - Safe Shutdown Earthquake (SSE)

. combined with operating pressure and deadweight.

D. STRESS CRITERIA

1. Piping

The piping analysis that will be performed for the Connecticut

Yankee evaluation is based on the rules of the ANSI B31.1-1973 Code,
the Summer 1973 Addenda.

The loading combinations and associated stress limits to be used

for the piping systems which are part of the seismic qualification
program are given in Table 1. The stress limits used for the SSE
condition correspond to faulted condition allowables. The piping

4

stresses are to be calculated using formulas given in ANSI B31.1-1973, g

1973 Summer Addenda.

The maximum loads that the primary coolant loop piping is per-

mitted to transmit to the pressurizer, steam generator, reactor
coolant pump,and reactor pressure vessel nozzles are listed .in Table 2.m

.

.
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Since the loop isolation valves are much thicker and stronger thans

I b( ,/ the attached piping, and since valves of this design have no history
of gross failure of their pressure boundaries (as long as the stresses

of the piping attached to the valve remain within the limits defined

in this document) the valve integrity is assured.

2. Supports

For linear type supports (i.e., reactor coolant pump hangers), the

basis used for the stress criteria in this section is the AISC steel
construction manual. The other supports in the primary coolant loop
system can be classified as plate and shell types. The stress criteria

for the plate and shell supports that is outlined in this document are

baced on the ASME Code, Section III, Subsection NF.
'

The load combinations and stress limits for both the linear-'nda

plate and shell primary equipment supports are presented in Tible 3.

The infonnat. ion presented in the table will provide allowables for

normal eparating and seismic conditions.

3. Components

The basis of the stress criteria outlined in this section for -,

the primary equipment is the ASME Code, Section III, Subsection NB.

The load combinations and stress limits to be used with those com-
binations are presented in Table 4.

E. ANALYSIS PROCEDURES

1. General Procedures '

The reactor coolant loop piping / support system will be evaluated

with three-dimensional static or dynamic models, depending on the load

/''T requirements, which include the effects of the equipment supports and
' '_,
; equipment. Static analysis of the piping systems will be performed

,

%
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using. displacement techniques with lumped parameters and stiffness,_

) matrix representations of supports. It will assume that all com-,,

ponents and piping behave in a linear elastic manner. The methods

to be used for dynamic analysis depend upon which of two techniques

is chosen, response spectra or time history. Details of the.two
dynamic analysis procedures are presented in the following two sections.

The primary equipment that will be evaluated as part of this pro-
gram shall have dynamic analyses performed in a'cordance with the samec

procedures as those presented below for piping systems. In addition

to the detailed models that are developed for the evaluations of the

indivi' dual ccmponents, reduced models will be . produced for une in the

reactor coolant loop system analysis.

Analytical representations of the primary equipment supports
'

shall be produced for inclusion in the reactor coolant loop system
'-

model. The loads that are generated by the reactor coolant locp

system model shall be used to qualify the component supports.
2. Response Spectrun. Analysis Procedures

If a decision is .aade to perform a response spectrum seismic

analysis, a three-dimensional linear dynamic analytic model of the

primary coolant loop system will be developed. The model will include.

analytical representations of the components, component supports,
and associated piping. The boundaries of the model will be defined
as the component support to containment concrete interf ace.

.g

The analysis will be performed assuming that the seismic event

is initiated with the plant at normal full power condition. 'The

damping values that will be used are four percent (4%) of critical
for the SSE condition. Since the components are supported at different

. .

*
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floor elevations within the containment building, the response(p
) spectrum in each direction shall be an envelope of the applicablev

floor spectra.

The analysis shall be performed with a simultaneous input of the
two horizontal components and one vertical component of the earth-
quake. The modal response for each item of interest (e.g., force,

displacement, stress) shall be obtained by the square root of the
sum of the squares method.

3 1/22RT=[ER1 3
i=1

.

.

N
2 ] 1/2where: R [E Rt g3

j=1
.

'"x where: RT total combined response at a point=

\ )
%/ R1 value of combined response of direction i=

R
^3 absolute value of response for direction i,=
4

mode j

N total number of modes considered.=

For systems having modes with closely spaced frequencies, the

above method shall be modified to include the possible effect of

these modes. Combined total response for systems which have such

closely spaced modal frequencies will be obtained in accordance with

Regulatory Guide 1.92, or as an acceptable alternative, the following
't

metnoa. Tne groups of closely spaced modes shall be chosen such that

the difference between the frequencies of the first mode and the

last mode of the group does not exceed ten percent (10%) of the lower

O) frequency. Frequency groups are formed starting frm the lomst frequency(s_-
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and working toward successively higher frequencies. No frequencyO
k ,) should be included in more than one group. The resultant unidir-

ectional response for systems having such closely spaced modal fre- !
!

quencies shall be obtained by the square root of the sum of: (a) the |

~

sum of the squares of all modes, and (b) the product of the responses I

of the modes in various groups of closely spaced modes and associated
coupling factors, c. The mathematical expression for this method

(with "R" as the item of interest) is:

S N -1 N2 2 3R I Ri.+2 E E R=
igR gcgg, for: 1/Ki i3j=1 j=1 K=M E=K+13

.

where: 3 number of groups of closely spaced modes=

t

M
3 lowest model number associated with group j of=

closely spaced modes ~

,

Hj highest model number associated with group j of=
,

closely spaced modes

egg coupling factor with=

_ _g g _ 2_ -1I 1

E KE 1+=

_ _(B{wg + S w )- - -gg
;

J

and:

1/2ej wg ( 1 .(B[)2]=
,

.

2
O OK + (S t

"
K

gd
L

"K frequen y i 1 sely spaced mode K (rad /sec)=

SK fraction of critical damping in closely=

1, spaced mode K

4) d duration of the earthquake (seconds)t =

.
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The analyses performed for piping and supports will not include
,/

(V) stresses resulting from SSE induced differential motion. These

stresses are secondary in nature, based on ASME Code rules for piping

(NB-3653, NB-3656, F-1360) and component supports '(NF-3231). The

SSE being a very low probability single occurrence event, is treated
as a faulted condition.

The analysis of the components subjected to seismic loading will

involve several steps that are similar to those outlined above for the

system analysis. A three-dimensional linear elastic analystic repre-
sentation of the component is developed. The component supports and

attached primary coolant loop piping shall be represented by stiffness
,

matrices. The analysis shall be performed with the simultaneous input
of three' response spectra, two horizontal and onc vertical. Damping

,

f"'N values of four percent (4%) for SSE will be used. The model combina-

tion techniques outlined for the system analysis shall also be used-

for the component analysis.

3. Time History Seismic Analysis procedures

In the event that time history seismic analysis is required, the

following procedures shall be used. A three-dimensional elastic non-
linear model of the 9 actor coolant loop system shall be used. The

model shall include a simplified representation of the containment

interior concrete structure, the components, the component s'upports

and the attached piping. The effects of the large auxiliary piping
s.

systems (e'.g. , main steam, feedwater) shall be accounted for with

stiffness elements in the form of linear springs or stiffness matrices.

Damping for the system model shall be provided using the Rayleigh method

p)basedonacomputedmodelenergydistribution,(v

.
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If the analysis is performed by applying the three orthogonal

(q) earthquake time histories separately, the total response will be
obtained by adding the three directional responses by algebraic

summation. If the three time histories are applied simultaneously,

direct integration will be used to determine the total response. ,

F. MODELING TECHNIQUES

The piping system components, and component supports are to be

represented by an ordered set of data which numerically describes the ,

physical system.

The spatial geometric description of the model is to be based
,

upon the as-built isometric piping drawings and equipment drawings.
,

Node point coordinates and incremental lengths of the members are

determined from these drawings. Node point coordinates are input on
m

network cards. Incremental member lengths are input on element

cards. The geometrical properties along with the modulus of elasti-

city, E, the coefficient of thermal expansion, a, the average tempera-

ture changes from the ambient temperature, AT, and the weight per unit

length, w, are specified for each element. The supports are repre- '

sented by stiffness matrices which define restraint characteristics

of the supports.,

|
'

A network model is to be made up of a number of sections, each
~

|
having an overall transfer relationship formed from its group of

elements. The linear elastic properties of the section are to be 't

used to define the characteristic stiffness matrix for the section.

Using the transfer relationship for a section, the loads required to

r'} suppress all deflections at the ends of the section arising from the,

a
_
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thermal and boundary forces for the section are obtained. These loads
f_s )
( ,/ are incorporated into the overall load vector.

After all the sections have been defined in this manner, the

overall stiffness matrix (K) and associated load vector to suppress
the deflection of all the network points is.to be determined. The

'

flexibility matrix is multiplied by the negative of the load vector

to determine the network point deflections due to the thermal and

boundary force effects. Using the general transfer relationship, the

deflections and internal forces are then determined at all node
points in the system. The support leads (F) are also computed by

multipl'ying the stiffness matrix (E) by the displacement vector (6)
at the s'apport point.

T;te'models used in the static snalyses are to be modified for
'

use in the dynamic analyses by including the mass' characteristics of

' the piping and equipment.

The lumping of tne distributed mass of the piping systems is to

be accomplished by locating the total mass at points in the system
which will approximately represent the response of the distributed

system. Effects of the equipment motion will be obtained by modeling

the mass and the stiffners characteristics of the equipment in the

overall system model when required. The supports are again represented

by stiffness matrices in the system model for the dynamic analysis.

From the mathematical description of the system, the overall -

stiffness matrix (K) is to be developed from the individual element

stiffness matrices using the transfer matrix (K ) associated withR
'

mass degrees-of-freedom only. From the mass matrix and the reduced

. (a*stiffnessmatrix, the natural frequencies and the normal modes are

_ to be determined.

. - _ . .. . - - _ _ . . _ .,. _ -_
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The effect of eccentric masses, such as valves and extended
bQ structures, are considered in the seismic piping analyses. These

eccen'.ric masses are modeled in the system analysis, and the tor-

; sional effects caused by them are evaluated and included in the total
-

i system response. The total response must meet the limits of the

criteria applicable to.the safety class of the piping.
.
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TABLE 1
(

LOADING COMBINATIONS AND STRESS LIMITS FOR PIPING
* '-

LOADING COMBINATIONS STRESS LIMITS

1. Normal:

Design Pressure + Deadweight <S
h

2. SSE: .

Operating Pressure + Deadweight

+ Maximum Potential Earthquake
.

,

Loads (SSE) <2.4 S '

, h

-,

i <

! d
where: Sh = all wable stress from USAS B31.1 Code

for Pressure Piping.

.-

.
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TABLE 2,_,

\s /

STEAM GENERATOR LOADS INLET AND OUTLET NOZZLES

FORCE (kips) MOMENT (in-kips)~

LOAD X Y Z X Y' Z

Thermal 160 100 25 1200 3000 15000'

DW 20 - 20 10 70 100 150
Pressure +1700 40 15 1500 1500 2000
SSE 250 200 120 6000 6200 7000

_

.

MitCTOR COOLANT PUMP LOADS _ INLET NOZZLE

.

FORCE (kius) MOMENT (in-kips)

LOAD X Y Z X Y Z%;

Therm 9.1 100 30 30 Roon 7000 3000
DW + 20 1 1 50 200 200
Pressure +1700 30 20 1000 6000 3000
SSE 350 200 275 6000 13000 10000

REACTOR COOLANT PUMP LOADS OUTLET NOZZLE

FORCE (kips) MOMENT (in-kips)

| LOAD X Y Z X Y Z
w

Thermal 50 50 40 3000 3000 7000
DW 1 - 10 1 50 20 150
Pressure +1400 10 10 1000 700 ' 500
SSE 450 150 300 13000 1500 15000

-

-

~
NOTE: 1. All loads are + unless noted,

2. ' Coordinate system,

X-Y Plane Vertical
,

Z
,

By_Right_ Hand Ru1@



t.

..,.
*

i,

-

TABLE 2 (Continued),,

( )
%J

REACTOR PRESSURE VESSEL LOADS INLET NOZZLE
_

FORCE (kips) MOMENT (in-kips)

LOAD X Y Z X Y Z

Thermal 50 100 30 5000 7000 5000
DW 1 - 20 1 200 60 800
Pressure +1400 1 10 800 700 200
SSE 300' 130 300 9000 13000 10300

._

REACTOR PRESSURE VESSEL LOADS OUTLET NOZZLE

FORCE (kips) MOMENT (in-kips)

LOAD X Y Z X Y Z
'

Thermal 60 150 30 1000 4000 20000
DW 1 - 20 1 75 100 800Pressure 1500 5 5 70 900 400
SSE 500 90 160 1600 14000 7000

PRESSURIZER SURGE NOZZLE
'

.

A

FORCE (kips) MOMENT (in-kips)

LOAD X Y Z X Y Z s

Thermal 3 7 7 1200 1000 400
DW + 30 1 1 15 10 35
SSE 3 5 5 250 350 350

/''i

NOTES: 1. All loads are + unless noted.s-

2. Coordinate system.

X-Y Plane Vertical

Z, By Right' Hand Rule

___ - - - _--
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TABLE 3
.

LOADING COMBINATIONS AND STRESS LIMITS FOR SUPPORTS

LOADING LINEAR TYPE PLATE AND SHELL
COMBINATION SUPPORTS LIMITS 3 SUPPORTS LIMITS

P+D+T Working Stress" Pm $ 1.0 SD m

P, + Pb < 1.5 Sm

lP+D+TO+E Within lesser of Pm i 1.2 F l

y

-

1.2 F O.7 S Pm+Pb i 1.8 F 2
r or y y

I It t

times working,

limits"
.

-, -

1 Not to exceed 0.7 Su-

2 Not to exceed 1.05 Su

3 Compressive axial member loads should be kept to less than
0.9 times the critical buckling load.

4 Working stress allowables per Appendix XVII of ASME III.

NOTES: P pressure=

deadweight.
=

TD thermal-design temperature=
s,

To thermal-operating temperature=

El SSE= -

y material yield strengthF =

Ft allowable tensile stress per ASME Section III,=

Appendix XVII

.

9

|
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TABLE 4*%

LOADING COMBINATIONS AND STRESS LIMITS FOR COMPONENTS

LOADING
-

COMBINATION STRESS LIMIT

Design Pressure + Deadweight PmiSm

Pg (P ) + PB 1 1.5 Sm m
.

f .

Operating Pressure + Deadweight Pm 1 2.4 S,2
+ SSE

Pg (P ) + PB 1 3.6 S *m m

1 'Not to exceed-0.7 Su

( 2 Not to exceed 1.05 S
s u

NOTES: P geneI'al primary membrane stress=
m

Pg primary local membrane stress=

PB Primary bending stress=

S allowable stress intensity per ASME, Section III=
m

S ultimate stress at operating temperature=
u

.

.
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.V. ANALYSIS AND EVALUATION OF PLANT STRUCTURES
-

(
\

1. Basic Approach

This section outlines criteria that form the basis for the reassess-

ment of the structural adequacy of the safety-related structures to

resist the SSE loads. The structures that will be included in the

reevaluation. are:

a)- Containment Shell

- b) Containment Internal Structure
e

c) Screenwall House

d) Primary Auxiliary Building
'

e) Service-Turbine Building Complex
,

s,_ f) Auxiliary Feedwater Building

'

All of these structures may be classified as seismic Category 1

structures except for some areas of the service-turbine building .

complex. The new diesel generator building, a recent addition to

the plant, has been designed as a seismic Category 1 structure

using currently accepted techniques and is not included in this

reassessment.* All structures will be reevaluated using dynamic

analyses. Where the preliminary evaluations indicate a considerable
,

margin of safety with respect to the postulated seismic event, a

simplified equivalent static procedura may be used.

The following documents establish acceptable methods, stresses and
s

properties and are discussed in detail in the sections to follow:
._
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( USNRC Standard Review Plan - Sections 3.7.2, 3.8.3, 3.8.4

USNRC Regulatory Guides 1.60, 1.61, 1.92

ACI Codes 318-71, 349-76, 359-77

ASME B&PV Code, Section III Subsections NE, NF

AISC Specification for Design, Fabrication and Erection of Structural
.

Steel for Buildings

Uniform Building Code - 79 Edition for Unreinforced Brick and

HollowUnitNasonry

, Although the proposed criteria are essentially the current standard

nnes, they may subsequently be modified. If the proposed modifica-
.

tion departs significantly from the present NRC positions, justifications

will be documented to support any changes.
O,f.

.

%/

,

,

. A.

*The new diesel generator building was analyzed in 1974 A three dimensional.

space frame model was constructed and an evaluation made based on a Reg.

Guide 160 input normalized to 0.17 G.'

._
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y 2. Time-History Motions jf>'

1 ,.
* N- I \\ ..pg , .. s , sg

The seismic input hw been ,o,'escr,ibed in thrms of response spectra
.

Thh:<reismicintdtisalsoheddedintermsof
<

in Section III. -

, 1, y; -t<

time-histories for the computation"cf floor reipmse spectra as well-
-

*I <,

as in the time-history analyses procedures for st."uctural response *
'

' N q's,
, t w

computations.
, \.

, t , ,

1,'
'

\4 j
'-

1 .,
- y , \ , , . .

i ... s #s i ..
s

Time-histories that will be deve,16 ped foi such purpcses will match f '; ; ' .s s, t . x
*'

the design response spectra of Section,III within the' limiis required '

3
%,, *

by USNRC Standard' Review Plan Section 3.7.1. The overall duration and
- - -,

,

the rise, strong motion'and decay portions of the tine-history will ~

\,
be consistent with t.he hypothesized SSE. d

, ,,
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3. Material Properties

\s.-4

1
.

'For the determination of the strength and stiffness of the structures-,

.

< under the postulated seismic conditions, the material properties will

~ be taken as either those specified on the contract drawings and docu-.

' . !
-b)y ments or the average of actual material properties obtained from tests, . .

L1

at the time of construction. In lieu of construction test data, tests
.

| on selected cores or samples from existing construction may be performed.

to obtain actual material properties.

.

Table 1 lists the specified material properties for concrete, reinforce-

ment and structural steel in various structures.
.

''
Damping in reinforced concrete and structural steel shall be taken as

5 percent of critical except 7 percent of critical damping may be used

when the stresses induced in the structure by seismic, gravity, and

operating loads (see section 6.1) are high (close to allowables, see

section 6.2).
.

!

!

s.
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TABLE 1
m

SPECIFIED PATERIAL PROPERTIES

1. Containment & Internals Structure
~

A. Reinforced Concrete

1. f' 3000 psi 0 28 days (dome concrete - f' = 5000 psi) 0 28 days)=

2. Reinforcing Steel

(a) #14 & #18 (ASTM A408)

(1) Typical fy = 50,000 psi min

(2) Foundation Mat and Exterior Wall Dowels:

fy = 40,000 psi min

(b) #11 (ASTM A-15 & A-305)
-

i

(1) Typical: fy = 40,000 psi min

d (2) Exterior Wall above elev. 31'-6" and dome:

fy = 50,000 psi min

(c) #10 and smaller: ASTM A-15 and A-305, intermediate grade,
'

fy = 40,000 psi min

B. Structural Steel
i

*

ASTM A-36, Fy = 36,000 psi min
*

(
.

II. Primary Auxilary Building, Turbine-Service Building Complex and
s

Screenwell House

i A. Reinforced Concrete

O 1. F' = 3000 psi 0 28 days
V

2. Reinforcino Steel: ASTM A-15 & A-305, intermediate grade,
'

! fy - 40,000 psi min.
.
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B. Structural Steel4

i

| ASTM A-36, Fy - 36,000 psi min

i
t

C. Unreinforced Brick and Hollow Unit Masonry:

1 S' = 1500 psi .' m

i

: III. Auxiliary Feedwater Building (
~

'

A. Structural Steel
.
'

. ASTM A-36, Fy = 36,000 psi min
.

4 e

'

t
i

i

!

i .

I

l

u
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p 4. Analytical Procedures

Linear elastic dynamic analyse. procedures are intended to be used
'

for all structures. If nonlinear inelastic procedures are to be used

for any structure a separate criterion will be developed for the non-

linear analysis procedures and acceptance criterion.

The USNRC Standard Review Plan Section 3.7.2 shall be followed in

those matters not explicitly covered by this document. The following

dynamic analyses procedure may be used:

o Response spectrum modal superposition

o Time-history modal superposition

h o Time-history direct integration
O.

Equivalent static procedure may also be used where justified.

.

4.1 Soil-Structure Interaction

i

Most of'the structures at the CY plant are founded on rock (shear,

1
.

wave velocity, V > 3500 ft./sec.). Screenwell house is founded on3
.

lean concrete fill of 2 ft. to 20 ft. depth over rock. A small

portion of Turbine Building is also founded on lean concrete fill C
of small depth over rock. A lightly loaded region of Service Building

is founded on select compacted fill (soil) of about 10 ft. depth
.

over rock.

.

_ - . . , , , . , _ ..-- -
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" ~~N Soil compliance effects in those portions of any structure founded

on soil backfill will be considered. The seismic input for all

structures will be as described in Section 2.

4.2 Structural Modeling

Dynamic structural mndels will be used to calculate the structural

responses t'o the hori.ontal and vertical components of the ground

motion. Material properties used in these models will be as defined

in Section 4.3.
.

In general, the stiffness of reinforced concrete structural members
.

will be calculated using gross cross-sections. Cracked sections will
N
) be used when necessary for a realistic assessment of the stiffness.

Mass calculations shall include the dead weight of the structures as

well as the equipment. The mass of non-structural elements (e.g.,

| partitioning) and small pieces of equipment (e.g., electrical cabinets)

will be estimated as a uniform weight across the whole floor.

4.3 Coupling

Simplified models of the Nuclear Steam Supply System (NSSS) components t-

will be coupled to the dynamic structural model of the Containment

Internal structure. Responses at the equipment supports will be cal-
.

culated for later use in NSSS qualification.

Ot

\*
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Structures which are physically connected by structural elements

( will be analyzed using coupled dynamic models except where it can%

be shown that coupling does not significantly influence relevant

structural responses. ~

4.4 Torsion

Significant eccentricity between mass and stiffness will induce '

torsional response in a structure subjected to horizon'tal component

of ground motion. Such e.centricity will be taken into account in

the modeling of structures. In addition, to account for variation

in location of mass and stiffness in the model and in the structure

as well as possible torsional input into the structure, accidental

o eccentricity or equivalent will be considered.

For structures with rigid diaphragms or equivalent which are modeled

by lumped mass models, accidental eccentricity shall be taken equal

to 5% of the plan dimension normal to horizontal input component.

! Such accidenta. eccentricity will be additive to geometrical eccen-

. tricity that may exist at that level.
!

.

~

For other structures where accidental eccentricity cannot be accounted

for in a simple manner, the responses to the horizontal input component
s

shall be increased by 5% to account for the effects of accidental

eccentricity.

Torsional responses shall be combined with translational responses

on an absolute sum basis.
,

e
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)b 5. Floor Resoonse Spectra
l (

The peaks in the floor response spectra at structural frequencies

are usually broadened to account for the uncertaintics in these

frequencies due to uncertainties in material properties, and approxi-

mations in modeling techniques and analyses procedures.

When minimum ,specified properties of structural materials are used

in the model, the spectral peaks at strectural frequencies w'll be
t

broadened by 15% on each side of such frequencies.
.

If actual average structural material. properties determined from

test data are used in the models, a portion of this uncertainty

is accounted for. The average material properties are usually higher

than the minimum specified properties and leads to somewhat higher

values for structural frequencies. In this case the spectral peaks

at structural frequencies will be broadened by 5% on the high side

and 15% on the low side of the structural frequencies.

Lesser peaks and valleys will be smoothed by free-hand enveloping.
|

t
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('~'S 6. Acceptance Criteria

6,1 Load Combination

The following load combination will be considered in evaluating the

structure:

U = D + L' + 0 + E

where -

U = total load to be resisted

L' = actual live load
.

0 = operating temperature and pressure loads, if any '

E = SSE load

D=deabweight

O
6.2 Allowable Stresses

The allowable stresses for reinforced concrete portions of structures

will be per ACI Code 359-77 for the Containment Exterior and Internal '

structures and ACI Code 349-76 for other structures.
.

The stresses for steel portions of structures will be checked per

Part 1 of AISC Specification,1979 edition, except that the allowable

stresses will be as delineated in NRC Standard Review Plan Section ' t-

3.8.3 and 3.8.4.
.

_
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6.3 Structural Foundationsg

The structural foundations will have a factor of safety 1.1

against sliding and overturning for the following load combination:

U = D + L' + E

where U, D. L' and E are as defined in Section 6.1.
.

$
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UNITED STATES
(; 'v. +. 4 NUCLEAR REGULATORY COMMISSION

f h"' h WASHINGTON, D. C. 20555
Eog - :., / January 20, 1979

.....

Docket No. 50-409

LICENSEE: Dairyland Power Cooperative

FACILITY: Lacrosse Boiling Water Reactor (LACBWR)

SUBJECT: SUMMARY OF JANUARY 9,1979 MEETING REGARDING LIQUEFACTION
POTENTIAL AT THE LACBWR SITE

.

Representatives of Dairyland Power Cooperative (DPC) and their'

consultants met with members of the NRC staff in Bethesda, Maryland,
on January 9,1979. A list of meeting attendees is attached. The
purpose of the meeting was to discuss a recent liquefaction study for
the LACBWR site that was conducted by the U. S. Army Engineer Waterways
Experiment Station (WES). The study was conducted at the NRC's request
as part of the Systematic Evaluation Program (SEP) review. A copy

'

of the WES report, " Liquefaction Analysis for Lacrosse Nuclear Power
Station", dated December 1978, is attached.

.

*

A summary of the important items discussed follows:

1. The NRC staff outlined the results of the WES report. The report
indicates that based on the data used and the analyses performed .

the soils at the site could strain badly for an earthquake
producing a surface level peak acceleration of 0.12g (the Full -

Term License (FTL) application is based on an SSE of 0.12g). |
1

2. The staff has found the available soil data to be inadequate fo'r '
an accurate assessment of liquefaction potential. Further, the

staff believes that the assumptions used concerning seismicity
were conservative.

3. The staff ' expressed their conclusion that no irmediate hazard !j exists at the site, but that the data base needs to be supple-
'

t

| mented to reach a final resolution of the liquefaction topic ~for
the SEP review of LACBWR.

4. DPC took exception to the WES report. They maintained that it
was not an accurate representation of the potential for lique-
faction because of the conservative treatment of the data.r

Moreover, they believed the hazard to the plant was overstated
in the report because of the large number of piles that are
utilized at LACBWR to support safety related foundations. ,

5t
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Dairyland Power Cooperative
Summary of Meeting 1/9/79 -2- January 20, 1979

5. DPC further maintained that the liquefaction analysis submitted
in support of their FTL application was a more realistic, yet
adequately conservative assessment of the potential for lique-
faction. This analysis was performed by Dames and Moore and
indicates a higher margin of safety than the WES report.

6. After some discussion it was agreed that it would be appropriate
to initiate a soils properties investigation program. This
program could include obtaining undisturbed soil samples at the
site, and conducting laboratory undrained cyclic triaxial tests
and density tests to better define the soils properties.

7. DPC stated that soil samples could be obtained within a short
time (one or two weeks) after the details of a sampling program
were defined. The staff indicated that this time frame would
be consistent with the overall objective of resolving this topic

'for LACBWR on about a six month schedule.

8. The staff and DPC agreed to meet again in about two weeks to
-

discuss the particulars of an appropriate soils investigation
program for the LACBWR site. In the interim, DPC will do some
preliminary work toward defining such a progra . .

*

I m(y
Jac S. Wetmore, Project Manager
0.p ating Reactors Branch #2 .

-
-

'
Division of Operating Reactors

Attachments:
1. List of Attendees-
2. WES Report

.

CC: .

See next page

.
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*'r'. F rank Linder -3- January 20, 1979'
-

CC
Fritz Schubert, Esquire
Staff Attorney
Dairyland Power Cooperative
2615 East Avenue South
La Crosse, Wisconsin 54601

0. S. Heistand, Jr., Esquire
Morgan, Lewis & Bockius
1800 M Street, N. W.
Washington, D. C. 20036

-

Mr. P.. E. Shimshak
La Crosse Boiling Water. Reactor
Dairyland Power Cooperative
P. O. Box 135
Genoa, Wisconsin 54632

Coulee Region Energy Coalition
ATT'u George R. Nygaard
P. O. Box 1583
La Cresse, Wisconsin 54601 -

'
.

La Crosse Public Library
800 Main Street
La Crcsse, Wisconsin 54601

Mr. Frank Linder
General Manager
Dairyland Power Cooperative
2615 East Avenue - --

La Crosse, Wisconsin 54601
;
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MEETING SUMMARY DISTRIBUTION:

Docket (50-409)
NRC PDR
Local PDR
ORB #2 Reading'
NRR Reading
H. Denton
E. G. Case
V. Stello ,

B. Grimes
D. Eisenhut
D. Davis
D. Ziemann
P. Check g.

G. Lainus
A. Schwencer
R. Reid

'
T. Ippolito
V. Noonan
G. Knighton

-

D. Brinkman
.

J. Wetmore -

'

0 ELD

OI&E(3)
H. Smith
A. T. Cardone
J. T. Chen
T. Cheng
R. P. Denise

'

P. A. DiBenedetto -

! L. Heller
K. Herring

,

C. H. Hofmayer
,

j R. G. LaGrange
| H. Levin

B. D. Liaw -

C. P. Woodhead
*

J.. T. Greeves
R. F. Fraley, ACRS(16)
TERA,

J. R. Buchanan
i .

.
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ATTACHMENT 1

:

LIST OF ATTENDEES

DPC
1 .

' J. Husain
J. Parkyn,

S. J. Raffety
R. E. Shimshak
E. Trimil
A. H. Yoli .

Dames & Moore

R. R. Fox .

M. S. Nataraja

Moraan, Lewis & Bockius

K. P. Gallen
-

S. Hiestand
,

.

NUS Corp.

D. Jaffe

NRC
. .

.

? A. T. Cardone
'

J. T. Chen
t

. T. Cheng
*

P.. P. Denise
P. A. DiBenedetto
D. Eisenhut .

;

L. Heller'

K. Herring
C. H. Hofmayer
R. G. LaGrange
H. Levin

.

B. D. Liaw
J. Wetmore
C. P. Woodhead
D. L. Ziemann

-

J. T. Greeves

4

,

.

-- ,-n-+ u- e, ,,---w,o , ,-,we ww , , ,e-,- ---- --- - n-- - ,-+ - -. . - - a w,-,, ,,,- -- - a.- , e-p-, ,e



. .

- .,
. ,

( ..

( ATTACPENT 2
* * '

., .

\ .

i .

-- ,w:.: n c . . .. . ..,. . ., e . s : 0,. . , . c3 e..e. .e. - . .. .~. . . =. . .e . u 1 %..m
-

, .

w. : - .
, - . , _ . .-.. <-. w. a .

. .
. . .

By . .

.

.

.d. m. 1e.arCUSon, ,AA-7:
.

And
.

.
.

W. A."Sieganoushy.

.

.
.

r

.

--.,

. ..
.

'
.

.
.

.
.

Dece:ber 1978 -

,

.

..

.

Prepared for-

.

U. S. Ih: clear Regulatory Cc::ission
.*

.

Washin5 on, D. C.t

.

.

Prepared by
,

-

Ge :echnical Laboratory -

U. S. Ar y Ingir.eer '<.atereays I geriment 5:7. icn
.

'lichsb.urg , '!ississi;;i ,

i
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Introinctien
.

2ackeround

1. The United States nuclear Regulater/ Cennission (UEC) requested
.

that the 17atervays I:Geriment Station (kTS) reviev certain fcundation

conditions at the Lacross Muclear Station, an operating nuclear power
plant.

This plant, which is located near Lacross, k'iscensin, is a=ong

the o.ldest in the country and was put into operatien before the present

Site Analysis P.eport reviev syste= ca:e into effect. This re* port docu-
. w .

nents'kTS' reviev of the Lacross Nuclear Station. Specifically, the

questien "exa=ined vas the earthquake safety of the pile foundation which

supperts the contain=ent vessel. The piles are driven through lov to
.

medium relative density sands and ter51nate in a dense. sand layer approxi-
=ately 26 ft above bedrock. ' "

Score of . cork

* 2. The investigation of the foundation at the LaCross Ndelear
.

Station included the following:.

. .

Review of Chapter 3, Soil Engineering Properties containeda.
.

.
. .

in the Application for Operating License for the Lacross Boiling 11ater,

Reactor by Dairy 3and Power Cooperative including pertions of Appendix A,
,

.

entitled " Field Exploration and Labcratory Tests,"' and associated design
d avings. ~

.

b. The perfor=ance of a liquefaction analysis using the Seed-
2

Iiriss ?implified Psoceinre assuming en earthquake dth a yer.h accelerz-

tien of 0.12 and 0.2 g, respectively.

I

,

,
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*
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The perfernance of a liquefactica ana'.ysis using Seei's:.

en;iri:al e:h:i assuming 'coth the 5.12 and 0.2 g earthquakes ani ::n; sri-

sen vith a " rule of thu_b" based on the Japanese experience a: Niiga .a,

in 1C61
. .

.

3 The objective of this study was to evaluate to the degree ;:ssible

dith the data available frc= prior field and laboratory studies by c:hers,
.

.

the eistic stability of the ;ile foundatien which su;;crts the contain-
,

.
.

.

=ent vessel at the LaCress Ruelear Station.
.

Review of ?revious Werk

'

h.* As stated earlier, pertiens of Reference i vere revieved to
..

determine the soil prefile under the centainnent "essel, including soil
properties. Loss of 3erings 2-3 and 3-h drilled, ty Raynend Interniti:nal

.

in July 1962 and 3erings DM-1 and DM-3, drilled under'Da:es & Meere.'s

supervisien in 1973, vere reviewed. Figure 1 sho s an idealized seil.

profile in the vicinity of the reactor building. The ground s,urft:e is -

,

. at elevation (el) 636 ft nean sea level (ms1). The gr0univater table

was assu=ed at a depth of 13 ft. Top of bedrock is located at a de;-h

of about 133 ft.
.

'

.5 During construction, the seil vas excavated to el 615 ft =si, and.

piles were driven below the reactor contain=ent vessel. These piles

ter=inated at el 535 ft. The piles were 50-ten cast in-place een.: rete.

piles eith a, tip diameter of 8 in. , a tutt diameter of 12 in, and an

cuter shell cf 7-snage steel :netute, and were driven sp;rext=stely

?-1/2 ft :n centers. : entien was made cf anf ir.ternal reinf:r:ing

eel in -he piles in the pizns ini re;;rts pr vided to TIF. A :::a; :f
.
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ra:ei striki.g energy cf 16,000 ft-lb per tier. Tne pi'.es yere driven

to at leas . a resistance of 6 ticvs per in, fer the final 2 Oc 3 in.

{ne nu=ter of b1cvs in the last fco: actually ranged frc: 75 to 330.

6. Tne scil belov the re'acter building (el 61G) censiste,d of a

fine to mediu= sand vi,th occasional zones of clayey silt, cearse sa..d,
.

and fine grr. vel, devn to an elevatien of apprcxi=ately 535 ft. A:
. .

el 535 ft, a 10-ft-thich fine to nedium sand, with fine to = edit = gravels .

.is enecuntered. 3elow this gravelly sandy layer, is e.n 13-ft-thich layer

of sand which i=:ediately overlies the bedrock.
.

7. . Also shevn on Fige.re 1 are the average blev counts, vater

centent, dry and vet density, and shear-vave velecities for the six
.

layers in the idealized soil profile. ' Tne reader is cautioned that the
.

blev counts *:ay or =ay not be Standard Penetratien. Test (SPT) " values.

It .as not explicitly stated in the available scurce of infer:ation hev

the .penetratien tests vere conducted nor vere they called " Standard
'

Fenetratien Tes " resulti. Tne values shovn en Figure 1 are censidered,

- approxinate average values for the layer. Both the blevs per foot and

the dry density val.fes vere obtained from an evaluatien of the boring*

f
log data in Reference 1. The vet densities and shear-vave velocities

inich are shown en Figu e 1 are esti=ates based en LIS' experience and

data presented in Reference 1.
,

:

S. Fir.:re 2 is a plot of blevs per foot versus depth. Tne data
i

eb a:ned in 3ering 2-3 sre believei to have been citained prier to ;ile

-

-

.

.

'
.

.
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irivi .. . The it. 1' . tained. in 3erings DX-1 and 12-1 a t it'.ie rei :: ha te
. .

teen ct:sined after pile driving. 7..e reader is :auti:nei that a .* :-1

:: ;srisen is i=;:ssible, tecause the data ettained in 2:rist 2-3 vere

obtained using a 2-in. split-spoon sa=pler Vnil'e the data. Obtainsi '. . .,

. .

3erings DM-1 and DX-3 vere obtained using the Da=es i %~-- ** ;*.er Vt.ich
,

~

is 3-1/h in. in'dia=eter. Figure 3 is the dr-/ density infe=ati:n -

obtained frem sa=ples obtained frc Sorings DM-1 a.d DM-3
.'*

9 Figure k is a plot of overburden pressure versus dep h for the
*

'

site. As stated previpusly, the '.ater table was assumed s.t a depth of

13 ft. Selev this depth both total and effective overburden pressures

are shown.

10 The b1cv count values vere assu=ed to be Star.deri Fent:rati:n
-

.

Test :i yalues and vere used to ec pute relative density fr::' he f:ll:ving
.

equation:3
*

.

'. -

. , ,.
d.

.D = 11 7 + 0 76 222(N)'+ 1600 - 53(i ) - So(c )2 .(1)
e.

,o u
.. ..

There
.

D = Relative density *
~ .
.

*

N = Standard Fenetre.tien Test i va. lues

3 = Effective overburden pressure in psi.
o

.

C = The coefficient' of unifor=ity. u,

.

Using equation 1, the relative density of the top 105 ft is predi:ted to
.

be between 50 and 60 percent. .

11. Review of the e.vailable de.ta indicate that the rek eris; has-

.

.

the minimum *densit/ of about 100 p:f and a =aximu density Of at::t 12C p:f.

~hese tests were rut :n tulh san;1es citained ty :: tining represen ative.

.:erial: en:cuntered at the si.e. *GE ' experience inii:1:e ht vhen
--

. . .
e.

h

e

.
*s.
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Tnis incretze een te as such as ^: pef. Censequently, "<.23 telie tes ;ha; a I

' . '... .. ~~ d...s''.,. .r .c2 ~ ~'. .o .^. a ..er.' - ~~ '*...s .' ..' c.' ' 2 ~~. * a ". . . = . ~ . ~ . - = .., . . .. . . .

.

realistic for the in situ =aterial. Tne relative densities predicte'd by

equatien 1 appea- te be =cre nearly th'e ss e as these which vou'i te *

.

obtained using the %IS' saxi=un and mini c.s density estinates and the
,

iin situ dry unit. veights given in Figure 3 An analysis of pile seenetry
|

-

1records supplied by URC sugges't an average density increase of a;prcxi- !. .

!

=ately 1 per due to pile driving. Tnis is based en the reductics o lr -

t

veid ratio which vculd occur assu=ing the scil displaced ty the pile venu

entirely into te. king up the voids of the adjacent soil. Tnis assu=es no
,

scil heave and dees not account for any densification due te vibratiens * - '
,

during d' riving. An increase of 1 per is not significant and is belie'ved
.

.~ .

not to contribute substantially to the stability of :5.; soils. F.ecords ;:-

i.
of gicund surface =ovenent during pile driving vere sought but no such !

- i.

'nfor .ation was provided. 1~ nile it is possible that =cre densificatien'

.

=ay have occurred, there vere no data =ade available to ETS vhich would
i

.

a. u. < s . ..,~~,. . . ,. s . s .u a. . - . . .u ..
.

! '2. Dames & Moore determined the liquefaction .totential of the| -

| suhsurface soil by perfoming 11 stress.-centro 11ei dyna =ic triaxial.

|

*

cenpression tests en representative sa=ples of the =aterial considered
. ,

.

to be potentially susceptible to liquefaction during the SSI. Eight of
.

.

the sa=ples were reconstituted to apprcximately what Danes L'Mocre believed*

?-

to be the in' situ density. In additicn, three reconstitutei sa ples vere
.

, < -s .. -.,.- .- 3,,....a.., <. a.....,-.,a..,s.u....a....y, 1---e....., - -... ....... r,,._,
-

. . , , . .z . .< .,,
| .. -.

. . . . . . .. .---. i1
| l
|

\ . .. .., .e.......t ... . s ,. ..4, . a- . . , , , , - , . . . , . ....e..,... .

2.e .e ...
,

.

t

-, ---
. . . . . . .. . . - . .- . . . .

- < -

- - . . . . . .. . .. >

1

.v. :... .. . .a...,,.. --. .....-.- -.....ae. .
,,-.

. . _.:- ..., . ,
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d a'in - '.h. e ste a. '...a s '.o an e"ea'.d ". *. c - ..'. ' ..# s- - e .* *" - *. . .' a" s 0 0 , s '. .e . . . . . . . y. . .

.

Dynamic Strencth cf the Soil
.

13 In order to evaluate the liquefaction potential cf the seil

in questien, the lateratory cyclic triaxial test results obtai.ned by
Ea:es & Meere vere used. Figures 5 and 6 are repr:iucti::s :f rares &

~

Mcore's test resul's. The as-testei dry densities of the rencided speci-,

-a,.s a$e .o .- -s -<_,s...<,,_ ...-- .a..en ..-n- ,<,s- 5 a. a a. s. n. a n.. : s jg .o..o -
- . .- .- . . . - . f w .. . .. . - .

.

are shown next to the data points for these tests en Figure 5 A c"rve
.

has been drawn through the data points for a dry de,nsity of about 111 pet.
.

As stated previously, WIS believes that this caterial is at an in situ

dry density of about 102 pcf. Consequently, a curve = ore or less parallel.
.

.

to the 111-lb curve was drawn through a data point at ich p:f. This-

.

curve (=arked Y. = 102 pef) vas used to evaluate the soil str'ength. Ona

Figure'6, the rquolded soil speci= ens taken fren 3cring 3 at a depth of.

35 5 ft have been used. Ad[acent to each data point, the as-tested

density is listed. A curve is dravn through these data fer a density of
.

abcut 106 pef. A curve more or lees parallel to this curve has been
.

drawn and labeled y = 100 pef, because ~4IS believes the in situ de.tsityd

o. . 4..p.s.. o.f a. .+ ::...g 2. , co ..e.. . ., 3 . . - . . . . , . ,.,.%.... ......,os -
. . . .. , . f. . . .. . . . . . . - -

* e . . . . . , 6. %. .. g . . ..e n.J.-: .....-.s...,*, . -. ..,. . . . . . e s. . ... s._-.... . g..-. ....

.

.
'

Th
.

.
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strength. "nese talues are plotted on Figu e 7 A line was drawn th cush.

.
.

these data peints and labelei isotre.cic labcrator - data. IsotrepicallJ

censolidated cjcl'c triaxial test data must te cerrected by a ccrrection

.'ac' c. , C,, , 'o o - = . e s e.~.'. .*.* e ' _' ~ ~.~...^ .* '. ." c . s . " . . . . * . - .~ ~.~. =. c . . .~.~t.'a.~'. c '. s*. . . .y .. . . ..

%., .e en tne a.~- a .ds e'. c ' c~., ~ ' ' a '.. .d e.y.da_' '. e .e'. .- *. s".- .e. '. o s~e~.~ .' .' c''.
. . . - -

si=;1e shea and S".AyE tatie test results (References 2, k, ani 5). Ter -h's
. .

<
.

......s 1 a 4 , , a C o,0. ..,s ..se4. ,_3 s o .,w.s,.. c r.,3 . : is _,
-.. 3 _,. .. i .- , . .. .. .r ,

iC.. /e Aa%e.a.A e. 4 e1 A. C w. A i*.1, , . r. % .. v 2 4 A. e . .e e.s..t s ... le .4 . 0. .t,,; ,
..~ s . _ ... , . . . ~. . ..

..' d a s + k e - A .dn a ^., e .e . ' k. . a. c"~ .e 'a%.e_' d 4 s e'.- _' a. ' x.c . a . .-' '. .7- * a' s . . .. e
. . . . . , -e .

~

field conditien en ve vas used to evaluate the dr.a ic shear strength of
.

.w...a. ,s e ' ' d" ' ..- ' 5.' s ' nve s'i. a'w .* o . .- . _ . . .. .
-

. .

.
.

-

S..c r 4se . . - 4. ,. 4_ e . ,,. . . a . ~ .:- , ec . .... .

.
.

.

^

15 In'crder 'o evaluate the liquefaction pctential of" a site,.
,

the cyclic stresses generated by the ea-thquake =ust be dete.~ined.

Reference 2 suggests that the average shear stress, T ,., generated,

.

by an earthquake can be deter =.ined by the fornula:
.

. N ''
T, . = 0. e,7 x ,

a y.
. o .-.

.a.
$

.

m .



-
.- _ __ -

. .-
. --

3

.

.

.. . .. ..,, .

(- (
.

.

vhere

y = the :: 21 unit veight of the soil
,

E = depth frc= the ground surface to the poir.t in questi:n 1.. f eet
. ..

.

g = acceleration" of gravif.y

* A g = the ped acceleration at the dround surface generated 'oy the
*

earthquake in the same systes et units as s
'' -.

= a rigidity factor
d .

e

The conste.nt 0.65 is a factor ::hich corrects the =a.xi=u= shear stress
. .

to an equivalent sinusoidal shear stress.

16. Using, equation 2, t ,,. , can be determined fer any depth in
,

,

I the soil profile. T.te r factor used in this analysis is sitovn by the
d

|

; .

curve =arked " analysis" en Figure B. .
.

<

Ie.rthenake utraneters -

,

~

17 In order to conduct this analysis, the' =axists accelera.tien
.

generated by the design earthqua5:e and the nu=ber of equivalent cycles
~

of stress are required. The maximu acceleration was specified by t:e
*

:~3C as 0.12 and 0.2 g. Review of the geological an? seissel:g.ical

studies conducted at Lacross predict that an er.rthquake of |:ciified-

Mercalli Intensity VIII in the epicentral regicn has o:eurred on the
.

Keveenav fault. For analysis purposes, an er.rthquake with ri intensit/

'one unit greater than the largest recorded intensity vas ass.: ed. Thus,

using a Modified Mercalli Intensity of IX and using the 1: iter.sity-
.

<

tagnitude relationships shown on Figure o (Reference 6), a s3 nit.ude-

.

]
6.6 earthquake is postulated. F.igure 10 is a plot Of nu=her of equivalent

:y:les ver us nag..itude which was developed by Seed.E Ihis ;1o vas

' ered and il equivsler.: cycles, .:hich are etter. ial~y ?.r. upper i:nni

: .
v

.

' *

, - - - - - , - - - -, , - - , - - ~.n . - ,- . , . -, . . . , . - - - . , .
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-- -he :!ata in the p'.ct, vere ass =ed appr:priate. 7:r the desig.

earthquakes (SSIt, and SST:) 10 cy:les and peak gr =i 3"-*-* * - e' e r:.-_

ti:n values Of 1.12 and 0.2 g vere used, respectively.

*

Analvsis -

..

*18. Because of the high :: values ~obtained in the de:se sani layer.

.

at a depth of about 105 to 115 ft, this :ene is predicted to rentin stable

even under the sc-called design earthquakes. '~nere are no other data -

available fren this layer. If' ene assumes that the dyna.=ie soil strength
. .

c'f this :ene vas the r a"=e as that judged appropriate for the upper

naterials by *.'IS cn Figure 7, then liquef action might be ;reit:tei.

7ES dces net telieve this vill happen.
.

e ev_ , C.12 g ..

__

19.' Table 1 presents the infer =atien needed := calcu' ate the
.

.-

average shear stress (; ave} fer the soil profile using .the Seed-Idriss,

.

method.2 Also listed on Table 1 is the effective everburden pressuie,
.

(() needed to enter Figure 7 to deter =ine the available soil strength.
.

30th the values of dynamic shear strength and dyna =iu sher- sttess are

" listed as a function of depth en Table 2. The fa , cr of safety against

10 percent double-a=plitude strain has been de'ined as the dynamic shear
,

strength divided by the averas dyna =ic,shea'. stress. This factor of
.

safety is also listed on Table 2. It should be noted that the factor

. of safety below a depth of 35 ft (depth of excavatien) varies fren
.

0 99 to 1.15 and is belov 1.1 to a depth of 100 ft. Facters bf safety-

less than 1 sere predicted in the scil te veen a depth of 35 and 25 ft.

1 cheuli te en;hasi:ed that the state of kncv' edge is . : adequately"

_

refinei r.i the ass =pti:ns re:;/. ire'. :: ca.r / ::: the ans'ysis, given
.

.

.d

- .

, - - -
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20. "he infernatien needed to es.1 ulate t ,,,, at the LaCress site
,

for the SSI vith C.2 g peak accelerati n is given en "ahle 3. Also shewn
.

.. . s s" . . . ..' .' . v a s u s .d '.o e . . e.'... r. , s. _ . .: , s . s.... . e..e. 4.ye ey..s... 4...r,
. . . ., . .. .. . . . .. .

.

.c ...e4 .a.......,.. c e she a. s .. . .e".S.. o '' '.S..a. s o' .' . ~. a'.,1. L ..-. s e * s-e.3 .r . .,_...
. . . . . . , . ..

. .

. s.. . .... .s.. sh... s. .s. r d d,., a , s.... s .e... .s a .... 4.n ,.e
. ... . . . . . . . . . . . . . .. .... ... .. . . . .

.

depth f:r this SSI. Also shown en ~ahle h are f,act:rs of safety (as
.

.

previe" sly defined) for this SSE. As ce.n te seen, the' factors of safety
. -

|- hel .* a depth of 25 f: vary frc= 0 59 to 0.66. clearly, this indicates
.

a

. g .e .. . . . as .'a.''"~-. i.s 'e".ned i.. *.k's .spc '.. A e.o".' .'_'.... c '. '.S..e c~., .-1.4 ce
4 -.. . . . . . .

! . .

! .
a

g. . . .s.. e~. , . s.. _. . . . , . s.,y '.h e a". .'.. . . ". o"_ _' d S. . - . s". d. . . d '.e t.od"a* a. . . . . . .
....3

I .

-
<

"a:::: ef safety of 1.25. This level is often censidered reasonablei

i

for safety in th.e t .te of analysis .terfer=ed herein. *

.
.

.
,

i

|

Istirical Licuefaction Analvsis
,

I, .

21. Enpirice.1 data in the form of stress ratio and corrected N
-

i .

i '

.... . . . . . . e.. e . . s ". .. t. . S.. ave and . r.~. a. ' q". e ' ' . .' '." . '. . .- ,, = s',, e a * S. . s ac. s ,- '
. _ . .t .. . . .. ... .. ..

i
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1

F
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.
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-

it a she T. On Firre 11. The stress ratic T divided by e / ere
ave o

e is equal to -he effective everturden press r e is also tatula.ted
o

en Tables 1 and 3 for the vari ~us depths in question.c
.

22. The tievs per foot were assu=ed to be S?T 2* values e.ni vere
.

.

.

ecrrected to an everburden pressure of 1 tsf by the fc=ula:
"

-
.

n.1 = c.2. x 13
( o >,

.

. .

.t e-., .. .

H ? Standard ?enetration Tes . penetratien resists.nce. talte =easured
.

4 n w . , e.L 2. . . . ..

.

N = Str.nde.rd Penetre.tien Test U va*ues c:rrected 'o a . cverb:-den1
pressure of 1 tsf -

..
C.,= Cerrection factor -

.

a

23 Co. vas determined frc: Firre 12 -(?.eleren:es 5 and 7).
.

Fig.:re 12 vas extrapolated tack o zero using data in ?eck, Hinson, and
.

~ .

*'alues cf C. and 5 are tiso shevn en Te.bles tsd 3T.0:stu n.* s. J
.

These values have teen superimposed on Tirre 11. Most of the values
'

show that lic.ue'factien should not occr; however, liquefaction is predicted"

#

from 25 to 35 ft..

2h. A similar analysis.vas conducted assu=ing a SSE vith a peg.

e.cceleration of 0.2 5 The stress ra-ics , C.J , H , and H. as a,

i
.

1

functica cf depth are tr.bulated en Tatie 3 Tnese vs. lues r.re shevn en
. e,

. ..e .. a .4,24. .cr . . .. -4.,....,,. 4 n ,, .
=4. . , :: .
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* A. u* * * .*. * . 0 e'".' ** .# #. s-*. . a2s. T. e. e g .a ,a. m. * * . . .* g =s. s =. * s e *.*'"" *. . #. *. .". e t .# ' .
E * ****. . .. . ~.. . . . . . . . . ..

.e*.==.%..e...**., g ==* i ...a.'* '. k * ==.k k.gg %. . . J. .* * e.i .* . a . 8."'" 8.3=..**.. s*.a*. s o.k.a*.. s.~. . s . . . . . .. .,.. . .

J.. C a.. A., s. sa.. a a e.6 14 .. e.eaw.4 4.Cn, .5..e e...a.a a. . . e . A. 8.A. .s.... r. e s*.e. s .. ,
. . . .. . g . . - . .. .

.

S** .l a.i . . . s .. ,. . .a %.. a*. 3 .a s. *. .o +. 4 . s %..e A.e *a*n .s ... ... s. ,a 14 es~ . . .. .. . . . . . s .
.. .

*
.

-

s. . r. s . . . . a. s.*.=.. e. n *.*.4, .e 2 .( A.4s.. . e 3 . 4 . . .%.. a*. 6 %.....T. ..a.* * . s.. .a., d %,e ..e it
'

b. A6
..3.. .. . ..

vere g eater thi.n two times the* depth in meters. Nete that a large
<

4,..,... o ., . %. . . o.,ovs t.*.* n'a. o*i. . a* 1. o.. '.S.e " .s a'*. s ' '. *. ^. ." "' S..' s ' .* n e .'._.. ... . . . . . . . .

.

.4.3 4. ., t. . . , . , g. , ./ ._ . . .. g . 4. .s..d.s a. te ". s * . e '. - * : e * >. a *. a a..' *. t'. ' c .4 *

. . . . . . . :... .. . . . . . . - . . ..
.

a' ".. ' i e, =. . a e a s a--. . . d _ = * e.i f 0. ' 6 .. ,, . .. . 3
.. .. .

.

Su..arv and. Cenelusic.s
.

..

..
26. The liquefaction potential of the LaCress Site was evalutted

.

e.- .. .e . . .. s.,s.. .ak.e s .. e. ..' *y . a .c..?. . '. . k a , *. .* >.. aa. a. *. . e a'. i n. a' t' . .-. ...*.
*e.. . . . . . , . . ....

.. e . e ., . o . , c, a
. . . e,, ..a. a .e.c.e. y.e .g. a per3 a c.s..a.i , g. .s... ..ur.a,

. . . . . e. .
.... . . . . ...

._.. , a . . , O . .; e, . . s..e a al.,.s., s . .. ., ._.a.4. w., ..o . w a ,.s., .._e.)., . . , , . , . ,. . . .. _ . .. ... . .. . . . . ...

.

e..a. .a :ss .: p.,.<#a..e. u.oce.a.are a a. a.,. e_..,4 > e.n. ., ..a.... y$e~, e _s ye._ a... .. . . . . . . ... ~.

is a st :ary plot of. the dynamic shear stress as a function o'f depth for
.

,
. .

a peak acceleration of 0.12 e,. Su:eri=pesed en this plot is a cyclic.

strength of the caterial assu=ing 10 equivalent cycles of loading. Note
.

that liquefac-ion is pred.icted by the Seed-Eriss calcule.tiens between

. .e aa L 3 .e. a,. a 34q,.e., 4.,.... 4s ...a.4..e. v.y .g.e e_3..< .4.a'.a 2. . . . s..
., . a
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. = . . . . = . . . , *_.4 en*$ ....._2_. 2.,. .. s _ t o. -_ a_._ u.2__=..s ,. 2 . , _ %. . a. .?
1

3., .r_
** , , _qe . . .. . e , , _.,..

.
. - .s... - -_. ...... ..

4

%. . .,. . . : _ e - .,. .,. .w,s .,_..a./ .o 'u'.. .u...th....- '."...r".-"''_S..a"...'""..*.'.....s . ..
. . . . . . . . . .. . . . . . . -

. . .

...e ..a s_... ,,.c..._,,,_.. c,. . %. ,_a_,._- /, .d.. e i _ . e s ,_ ,. . e... . -.o .4_..ns. d.c w g
.. . .. .. . .._... . ..3 . . . .. . .

.4 gi <3 ..

'tertical leading and the transient horizontal leads causei hy the seistic I
! I -

2.n ..<e.. o,..,e ,ac., .s.e, %... ar, . ar s ' o ". . ...^ . . ' ..". c. . .' .. .--. . . ,. . e , o,,. . . . . . . .. . ...s . . .. . .. . .

bars in the top one-third of the pile 9(ascalledforinsc=eseismiqdesign
*

.

'

cc'a.s'O ' ' 4 s y. c%,a%_' e '.h. _= ^. '.b.. , a~. a# 1M. ._ e . .n. d * . 3- -- s '_ s . a.. . . _' s . .d a.s .
-

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

.

27 'i;;re 15 is a su==ary plot of the $ dyna:ic* shear stress e.s a >

.

", J ,1*

- " *
e.C.41e assn _s _ a p . g.s. g . . v. . u.*. so o ,.#.c . _A . . %.. . c ,. . %.. . s o 4__5 ,c r..*t,._

-_.3 . . .. ,,f.y. . .. . . . . . .
4

' .

'<
g.2 . es1,. C ,k..C. .. on t*nis p_, oA. As .,,%..e do, . 4.. . e %. . . a s. . _. %.. , ,, e .v... so.s 1_ *= 4 . . . . . . ,. ..w , . . = . ...3

. 3
.

'
.. i

=_e su=i... _7 6 . . ' ". .e_ . . . C . . .7. a. s C ' ' oad i * 6 * ' ' " . ~ . . S e =. 4_ -I d .' = .= C ' - f' _". _< e '_.'_ .-'-
* * . . , _ _ _

x. _ . ,

.

. o 4_._. ,. . ~.. 44 +_ , 4 c_u . c. ac',,ic.. %.=.' v a '-. f'' o' 2: "...e a . ,4__ ' -= _'''
.. . s . . , . . __

. . .. . . .... __ .

- _..s e. ,,. 4.,. s 1.4q,ae,a. 4o._,>.e..e.n a c._+s
,...-

e...,' 6 ', '_ '. a ..d. *o .'. . e e .-:cs , _ .. , . . ..~ . . . . . . . .. .
. .

.
.

a depth of c5 and los it. If lateral sup. ort is lost in the de:th r.an es
.

. .

> ^

. . e_4 ., s. e . s.,e e.4 4.%.. ._ e w .a , .w - 4.,_ a. s . cu' d. b. ..n ' a . 3 *- c'.5..~.~'.'_...-'a _
. .. . f ,

_. _-. ..
. _ .... .

. s

^* *

fail res as indicated in Appendir. A.

.

- 1. . _: , . >..e... ,. s. . . . .

. c a. n.4. .3.. . . . _ .a_ u.. v . . ._: _. . . _
a

. . . . . . . . .... . . . _ . . _c. __ . , . . . 3.

.. ,,

/

- data and on analysis as presented berein, the soils telev the reactor
t -

at the LaCress Site are predicted to strain' taily if a SSI -inich prehces >
.

3.12 g at the surface of the soil occurs. Tne soils "cenes.th the reacter
,

vessel at the Lacross Site are predicted to erperience e .cessive strdns
.

.
.

and liquefaction if the SSE vith a peak acceleration at the rc".nd surface.

.

.

..' O.^ 3 ~ . . " ~ . . _' e . au c e . ' ',,h.. . ' '.. .' '. a' '. c .. s ' . ' b. . e"....... s_=_.. o'.c - . . _ ..
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Docket No. 50-409

P

Mr. Frank Linder
General Manager
Dairyland Power Cooperative
2515 East Avenue South
Lacrosse, Wisconsin 54601 ,_

-

. _ -
'

Gentlemen: -
,

''
RE: LACROSSE , -

Our letter to you dated January 15, 1979 requested that you initiate as part of
the Systematic Evaluation Program (SEP) a program to demonstrate the seismic
design adequacy of your facility. In relation to this request, we are aware of
your efforts to develop a site specific ground response spectrum for your site;
however, active structural / mechanical evaluations have not specifically been
i ni tiat ed. You are requested to submit, by Septe-ter '5,1980, details of your
plans for proceeding with a seismic evaluation program cad provide justification
for why you conclude that continued operation is justified b the interim until
the program is complete.

Ycur submittal should address the scope of review and evaluation criteria and pro-
vice a schedule for completion. The analytical portion of your program should be
corpleted no later than January 1,1982. Any modifications to the facility that
may be necessary as a result of your evaluations should be installed by the
folicwing refueling outage, but no later than January 1,1983. Any proposed
changes to the facility as described in the safety analysis report shall beI

made in accordance with 10 CFR 50.59 of the Commission Regulations.

| As a miniaum, your program should provide for an evaluation of:

| P. The integrity of the reactor coolant pressure bcundary,

| 2. The integrity of fluid and electrical distribution systems related to
safe shutdown and engineered safety features,i

3. The integrity and functionability of mechanical and electrical equipment
and engineered safety feature systems (including containment).

!

Although we have delayed until the end of 1980 a final decision relative to'

seismic input to maximize the potential benefits to be derived from use of site|

specific ground response spectra, we expect you to proceed with your seismicI

|
evalu'ation program. Based upon input that we have received from the Lawrence

!
Livermore Laboratory / TERA Corporatico Site Specific Spectra Project, the
Systematic Evaluation Program licensees, NRC censultants and other scurces, we
have concluded that the ground response spectra shewn in the Attachment 1 is an
acprepriate level at which to initiate your evaluations. Between new and the
enc of 1980 we plan to cormlete admi;nal werk :nat will allow us to finalize

it does not appear TMeiy that the grcund response spectra shewnour cecision,

-.f'" r #!!L'< O Y 2/),L , U f0i RJ
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|ir. Frank Linder -2-

.

in Attachment 1 will be modified to a large degree. Therefore, we strongly
recomend that you use this ground response spectrum in your evaluations.
The bases for our decision are documented in Attachment 2.

You are free to make an alternative proposal for use in the interim until the
final NRC staff decision is made. We must emphasize.that taking such
an approach involves increased risk on your part because certain evaluations
may have to be redone at a later time. Furthermore, limitations of NRC staff
resources make review of alternative proposals impossible in the near term.

In accordance with 10 CFR 50.54(f) of the Comission's regulations you are
requested to submit the information described above on the dates indicated
above in order to enable the Comission to determine whether or not your
license should be modified, suspended or revoked.

Sincerely,

Q ,

Darrell G. Qisenhut, Director
Di~ vision of Licensing

.

Office of Nuclear Reactor Regulation

Attachment:
As stated

cc: See next page
,

%-

- - - . .



* Mr. Frank Linder

CC
~

Frit: Schubert Esquire Director, Technical Assessment
Staff Attorney Division
Dairyland Power Cooperative Office of Radiation Programs
2615 East Avenue South (AW-459)
La Crosse, Wisconsin 54601 U. S. Environmental Protection

Agency
0. S. Meistand, Jr., Esquire Crystal Mall #2
Morgan, Lewis & Bockius Arlington, ~ Virginia 20460
1800 M Street, N. W.
Washington, D. C. 20036 U. S. Environmental Protection>

Agency
Mr. R. E. Shimshak Federal Activities Branch.

La Crosse Boiling Water Reactor Region V Office
Dairyland Power Cooperative ATTN: EIS COORDINATOR
P. O. Box 135 230 South Dearborn Street
Genoa, Wisconsin 54632 Chicago, Illinois 60604

Coulee Region Energy Coalition Charles Bechhoefer, Esq., Chairman
ATTN: George R. Nygaard Atomic Safety and Licensing Board
P. O. Box 1583 U. S. Nuclear Regulatory Comission
La Crosse, Wisconsin 54601 Washington, D. C. 20555

La Crosse Public Library Dr. George C. Anderson
800 Main Street Department of Oceanography
La Crosse, Wisconsin 54601 University of Washington

Seattle, Washington 98195
Mrs. Ellen Sabelko
Society Against Nuclear Energy Mr. Ralph S. Decker
929 Cameron Trail Route 4, Box 1900
Eau Claire, Wisconsin 54701 Cambridge, Maryland 21613

Tcwn Chairman Dr. Lawrence R. Quarles
Town of Genoa Kendal at Longwood, Apt. 51
Route 1 Xenneth Square, Pennsylvania 19348

| Genca, Wisconsin 54632
,

Chairman, Public Service Commission Thomas S. Moore. Esq.
of Wisconsin Atomic Safety and Licensing Appeal Board

Hill Farr:s State Office Building U. S. Nuclear Regulatory Comission
Madison, Wisconsin 53702 Washington, D. C. 20555

Alan S. Rosenthal, Esq., Chairman
Atcmic Safety and Licensing Appeal Board
U. S. Nuclear Regulatory Cor: mission
Washington, D. C. 20555

.
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MEMCRANCUM FOR: D. Crutchfield, Acting Chjef
Systematic Evaluatien Program 3 ranch

THRU: James P. Knight, Assistant Director for
' Components and Structures Engineering, CE

'
FRCM: Rcbert E. Jackscn, Chief

Ceosciences 3ranen, CE
,

SUBJECT: INITIAL REVIEW Arid RECClNEN0ATIONS FCR SITE
SPECIFIC SPECTRA AT SEP SITES

We have been working for the past two years with the SE? 3 ranch and their
c:nsultants in order to provide preliminary rec mendati:ns regarding site
specific spectra to be used in the SE? for evaluation c'. '.he seismic
design adequacy of the selected plants.

The Branen rec mmendations are attached, however, it shculd be noted that
they are sucject to the limitatiens described in the sections entitled
"Pur:cse anc Sc:ce" and" Rec:=endations." These rece cendations were prepared

'by Cr. Leon Reiter based rimarily en cocuments succi: ec in ne Site Specific
Spectra Fr gram. We expect that our evaluatien of items still forthecming
in the Site Specific Spectra Pr: gram may result in the f 11: wing:

i. It is likely that there will be further changes in -he return periods
associatec with the rec mended s ectra for the varicus sites. These

| return periods will s-ill be able to be described as 'of -he
Order of 10C0 or 10,000 years", which is the present descripti:n of!

| the spec ra and one levei implicitly accepted by NRC in recent licensing
! cecisiens.

2. Bere will be no major change in the relati0e lehels :f seismic
ha: arc ter.veen sites.

3. Bere wiir te little Or no chaoge in -he "detefminisd:" ::mearisens
f:r :ne various site usec :: evalua e the accertact".' y Of the spectra
rec:=enced in :ne a acned review.

,
J. There is a preliminary incicatien that a reducti:n in s:e::ra at inter-

! mediate ano low frequencies may :e called for a: rec.< si es (Crescen, Ginn ,
.-:acda;,1ecx and Millst:ne) . Pr:babilistic precic:icr.s Of :eak velocities it
these s*:es may also be affected.

!

|
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While it is difficult to predict the outeeme of an innovative program that
is still in progress it is our best estimate, based en the abcve, that this
subsequent evaluation will not result in very large chan5es in spectra

,

reccmended for use in the evaluation of the SE?. i

We recommend that you utilize these spectra in your reanalysis of the SE?
facilities. We further reccamend that a minimum spectra be established as
discussed in the report. This reccarendation is based en the innovative :

nature of the Site Specific Spectra Prcgram and the need for continued
review and matura:icn of the program. The site specific spectra prevked
are generally less than would result frem a literal applicatien of Acpe. Mix
A to 10 CFR and the current Standard Review Plan througneut the frequene)
range of interest for nuclear pcwer plants.

Since follow up work and sensitivity studies are centinuing, we will monitor
progress and provide a final recc.mendation in December 1980 upon completion
and review of these elements of the program.

g kC& bM
Robert E. J jeton, Chief .

GeosciencesAranch
Division 57 Engineering

.

Enclosure:
As stated

cc: w/ enclosure
R. Vollmer
D. Eisenhut
G. Lainas
H. Levin
D. Allison
G. Lear
L. Heller-

J. Greeves
?. Scnauer
3. Bagchi
3. Bernreuter, LLL-
L. Wight, TSRA
353 Personnel

.
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Initial Review and Recommendations for Site Specific
Spectra at 5EP Sites

Purpose and Scoce

This review presents initial reccmmendations for Site Specific Spectra to be

used in the reevaluation of SEP plants. It is based upon review of the

following items.

(1) Draft Seismic Hazard Analysis: TERA - Lawrence Livermore Laboratory

(LLL), 3 volumes, August 1979.

(2) Peer Review Comments to above reports, Individual ccmments by Dr. O. Nut:11,

Dr. L. Sykes, Dr. D. Veneziano, Dr. A. Ang, (LLL Review Scard); Fugro,

URS Blume Assoc., Dr. A. Cornell, Mr. R. Holt, Commonwealth Edison (licensee
,

sponsored reviews); Dr. L. Abramson (NRC, Applied Statistics Branch) Fall-

Winter 1979.

(3) Response to Peer Review Si'e Specific Spectra Project (SSSP), TERA May

1980.

(4) Draft Seismic Hazard Analysis: SSSP Sensitivity Results, TERA-LLL, May

1980.
'

,

(S) Attenuation Panel Feb.1980, and ccmments en the panel meeting by Dr. O. Ifuttli,

Dr. M. Trifunac, Dr. R. McGuire, Dr. N. Donovan.

(6) Letter Report evaluation of Attenuation Panel by TERA, April 4,1980.

(7) Letter Reports on Ossippee Attenuation Model by TERA, May 22, May 29, 1950

(8) Interim Summary of assessment of conservatisms by TERA, May 30, 1980.

(9) Evaluatien ot Ossipcee Attenuation Models and alternatives by LLL, May 23, l'JEO.

(10) Seismic Hazard Evaluation for SEP plants (Draf t) N. M. Newmark (May 30,1920).

.
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In addition to these documents there have been many discussions and telephone

conversations with individuals at TERA, LLL, reviewers, attenuation panel

members and Drs. Newmark and Hall.

Following is a list of other items and reviews which will be forthcoming and

could have an impact upon the results. .

1. Review of the Draft Seismic Hazard Analysis by the USGS.

2. Additional Review and connents by Drs. Newmark and Hall.

3. haview of all submissions by the licensees on their recomendations for

site specific spectra (several have been reviewed).

4 Comparison of SSSP results with otner eastern U. S. hazard analyses.

5. Feedback meeting with original expert group.

5. Reconnendation from TERA-LLL and possible reanalysis based upon utilization

of input frcm sensitivity results, attenuation panel and feedback meeting.

Racommencations ,

it is recommended that the following spectra presented in the Sensitivity Results

(May 1980) be used as site _ specific free field spectra.

Eastern U. S. (Yankee Rowe, Connecticut Yankee, '4111 stone, Ginna, Oyster Creek)
|

"1000 year" spectra assuming no background anc Ossippee Attenuation.-

Central U. S. (Dres:en, ?alisades, Lacrosse, Big Rock ?oint) "1000 yr"

spectra assuming no background and Gupta-Nuttii Attenuaticn.

..

|
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These spectra account for gross site conditions (soil or rock) and do not

take into account any specific conditions which may result in amplification

(Lacrosse, Yankee P. owe, Palisades).

It is also recommended that a minimum be established for which no spectra be

allowed to go below. It is suggested that this minimum be the median (50th

percentile) representation of real spectra for a magnitude 5.3 earthquake.

This minimum exceeds the "1000" yr spectra for Big Rock Point, Lacrosse and

Palisades at frequencies greater than 2 to 3 Hz.

The rationale for these reccamendations are discussed below.

General Coments

The SSSP was cenceived as a multi-method approach fer determining site specific

spectra (Bernreuter,1979). It encompassed probabilistic approaches at predicting

peak acceleration, peak velocities and uniform hazard spectra for different
1

return periods and a empirical approach wnich includes calculaticn of .

50th and 34th percentile spectra from ensembles of real data at different magni-

tudes, site conditions and distance ranges. The probacilistic approach utilized is

|
basically that suggested by Cornell (1968) which has been modified to formally

This approach is explained in detail in theincorporate " expert" judgements.
'

documents referenced above and in Part 1 of the Executive Summary by TERA

Corp.
r

'he difference between so called " deterministic" approaches (for example,

that found in the Standard Review Plan *) and probabilistic approaches are described

In the deterministic approach (Figure 1) local (fault) and regionalbelow.

*Althougn this approach is cec =cnly called " deterministic" it is better describedi

as "judgemental-empirical." A'true deterministic apcroach would involve using|

the principles of physics to calculate ground moticn due to a rupturing f ault.|
!

<

| ..

|
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(tectonicprohince)sourceregionsarespecifiedgecmetrically(Step 1).
i

The largest earthquake a.ssociated with each source is then defined frcm

historical seismicity and/or geological estimates, and it is assumed to

occur at a location in each source closest to the site in consideration

(Step 2). The resultant ground motion (usually peak acceleratien) at the

site from each of these sources is then estimated utilizing magnitude-

acceleration or intensity-acceleration relationships (Step 3). The

largest of these is then considered the controlling ground motien and

it determines the assumed earthquake loading at the site (Step 4). In

the current NRC practice this earthquake loading (Safe Shutdown Earthquake)

usually is peak acceleration used to anchor the standardized Regulatcry

Guide 1.60 spectrum. This method does not take into account the frequency

of earthquake occurrence and allows no description of uncertainty.

In the probabilistic approach described in Figure 2, earthquake sources

are determined (Step 1) as in the deterministic approach. Historical

seismicity is then used to determine an earthquake recurrence medel for

each source (Step 2). This model is usually determined from'a linear regression
t

analysis relating earthquake size (magnitude or intensity) to frequency of

These recurrence models are terminated at the largest earthquake
.

occurrence.

excected frem each source. Most probabilistic models assume that earthquake
(

occurrence follcws a Poisson process or that these earthquakes cccur randemly'

with respect to time and space within a gihen source. The ground otion (peak

or spectral parameter) at the site frem the different earthquakes at different

| distances is estimated using a set of magnitude (or intensity) - ground notion

relationships that explicitly incorporate the dispersion of the data about
i

! such relationships (Step 3). Finally, integrating the effect of different

!
si:e earthquakes frca different locations in different sources with the .

;

1

| 1
.
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recurrenceinformationfromStep2,theprobabilitiesthatgivenlevels

ofgroundmotionwillnotbe~exceededwithingiventimeperiodsare

calculated (Step 4).

The deterministic approach is strongly controlled by the choice of input

parameters (source configuration, intensity-acceleration relationship, response

spectra etc.). Sizeable changes in characterizationof safe shutdown earth-
'

quakes for Nuclear Power Plants in the past 5 to 10 years have resulted from,

staff adoption of the Regulatory Guide 1.60 spectrum and the Trifunac-Brady

(1975) intensity-acceleration relationship. Probabilistic predicticn can also

bedrihenbythechoiceofinputparameters. In the eastern U. S. these input

parameters or their statistical representation cannot in many cases be

unambiguouslyderihedfromtheexistingdata. Theinnohativeaoproachof

theSSSPwastocanhasexpertopinionastowhatthechoiceoftheseinput

parameters were, what range they might be expected to assume and what

credibility could be attached to them. Each experts input was treated separately,'

spectra were cceputed for each expert at each site than a trial synthesis

I was performed ccmbining all the experts at each site based upon their own self-
| Theinputparameterscoheredfourareas: (1) the configuration ofranking.-

f
seismic source zenes in the central and eastern U. S. (2) the largest earthquake

expectedineachofthesezones(3)theearthquake~actiYityrateandrecurrence

statistics associated with each zone and (!-) metheds for pridicting ground

motion in the eastern and central U. S. from an earthquake of a gihen size at a

.gihendistance.
i

m
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Responses were receihed from 10 of the 14 expert polled. (Thequestionnaires

werelengthyandrequiredseveraldaystoanswerinacomprehensihemanner).
'

These responses were almost exclusihely directed at the first three areas.

The significant lack of resporise in areas of ground motion made it necessary

forTERA-1.LLtodehelopitsowngroundmotiondeterminationscheme.' Additional

approacheswerepresentedinthesensitihityresultsandanadditional

special " Attenuation Panel" was convened to discuss this difficult problem.
;

Inadditiontothegroundmotionproblem,theextensihepeerrehiewconducted
The mostfor the initial draft report identified other problem areas.

significant of these were related to the way each expert's zonation was

treated and the assumed dispersion of the data. These subjects were also

treated in the sensitihity studies mentioned abohe. Specific discussions on

each of these problem areas follow.

Scecific Corxnents

Ground Motion Determination

.The problem is to quantitatively preoict ground motion east of the

Rockies when there is practically no strong motion data recorded in this

The existing data base (most Western U. S.) was recorded in areasregien.
|

where seismic wave attenuation and, to some extent, seismic sources are different.1
.

A method must be developed to predict this motion theoretically or make use of

the historical (non-instrumental) felt reports frcm the eastern U. S. in
The initial

conjunction with strong ground-motion data from the western U. S.

results (August 1979) utilized felt reports frcm the well-documented Southern

Illinois Earthquake of 1968 and the assumption that ground motien associated

with a gihen telt effect (site intentity) and epicentral distance will be the
The sensitihity studies (May 1930) ex1 mined

same in both east and west.

the affects of assuming that the ground motion associated with a gihen felt
'

I
"

_ _ . _ _ . _ . -
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effect and given earthquake size will be the same for both east and west.

The studies acccmplished this result for three felt-effect predictions; the

1968 Southern Illinois Earthquake, the 1940 Ossippee flew Hampshire earthquake,

and a modification of the Gupta-Nuttii (1976) relation based upon several

central U. S. earthquakes. While the attenuation panel had mixed fee'a gs

there seemed to be some preference for this latter assumption. In conjunction'

withthesensitihitystudies,theexistingdatasetwasalsomodifiedto
,

prehentunduedependenceuponasingleearthquakeandtoeliminate

strong motion records that were beliehed to represent only part of the

actual shaking. In addition, studies of seheral other earthquake suggested

a difference in attenuation of ground motion between the northeastern and

central U. S. At distances greater than 100 kiloceters, the affects of shaking

appear less attenuated in the central U. S. when ecmpared with that in the
,

northeast. As a result of these considerations, we recommend that the 1980

model based upon the Ossippee earthquake be used as a basis for determining grous

motion in the northeastern U. S.; while the 1980 model based upon the Gupta-

Nuttii relationship be used as a basis for determining ground motion in the

The Ossippee attenuation was calculated seheral ways. In thecentral U. S.

criginaiSSSPSensitivityResults(May1950)anaYeragedistancewasfirst
.

! computed for each intensity level and then a regression was performed treating

distance as the independent parameter and site intensity as the dependent

Asignificantdifferencewasobserhedwhentheaheragingwasomittedparameter.

and the regression performed directly en the data (TERA Letter Reports, May 22

and May 29,1980). It is not immediately clear which approach is more

Conceptually it a: pears better to avoid the aheraging step. We
appropriate.

!
!

o

l
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'

feel, however, that at this time the original technique using the

aheragingstepshouldbeused. The reasons for this are (LLL Letter,

May 23, 1980 : (1) This method is analagous to that used by Gupta)

and fluttli (1976) to deriYe their attenuation relationship. (2) the

second method would predict ground motion significantly less at

most distances than that proposed by the theoretical model of t1uttli

(1979) while the original method falls much closer to his model.

The attenuation panel recommended greater use of such theoretical

relationships for determining ground motion. Initial calculations show

that when these theoretical relationships are incorpcrated into SSSP ^

methodology peak accelerations for return periods of 1000 years appear to

be similar to the Gupta-ituttii and original Ossippee attenuations.

While some small differences between central and northeastern attenuation

can be expected we feel that at this time, reliance upon results produced

utilizing a particular regression technique on one earthquake in the

northeast which are significantly less than theoretical and empirical results

for the central V. S. is imprudent. Clearly,howeher,determinationofa

proper attenuation relationship is an area that requires additional work.'

Ioninc

The initial treatment of experts input to configuration and credibility c.f
;

seismic source zones allowed for the existence of a background zone censisting cf

.

%%b
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theunion(enehelope)ofalltheexpertszonesinaparticularregion.

The extent to which this background zone was used depended upon the experts

generallehelofbelief(credibility)intheexistenceofthesezones. As

a result, this leads to tying one expert's results to others and the allowance

of specific numbers of the larger earthquakes normally associated with a

seismic zone being allowed to occur anywhere within the background. Various

rehiewers criticized this approach and some alternatihes were suggested.

The sensitihity studies computed spectra based upon the opposite extreme i.e.

the assumption that each expert had 100f. belief in his zone and no background

need exist. These two computations bound the problem.

For SEP sites, the latter assumption results in a reduction in estimated

seismic hazard. Ifasitewerelocatedinthemiddleofanactiheseismic
zone such as flew Madrid the assumptien of no background would result in an

increase in estimated seismic hazard. There are nany arguments that may be

made as to how this problem may be treated correctly. It seems clear that

neither extreme is correct and some better way of accounting for credibility

is warranted. TERA-LLL has argued that a true representation of credibility

insuchacomplexproblemmaybeverycurbersomecodputationallyandprohibitihely
expensive. It is our recom,endation that, barring such a computation spectra -

intermediate between these two assumptions be used at this time. As shown

below the actual difference between spectra computed using the two extreme

assumptions is not large and any error in estimating the intermediate spectra

willnothaYeasignificanteffect.

.

we
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Discersion of Data .

In The August 1979 report the dispersion assumed about the final ground motion

prediction was assumed to be log normal withW=0.9 (base e). In addition

the distribution was truncated at 1 2a . This size of the dispersion was deter-

mined combining dispersions normally encountered in determining site intensity frcm

earthquake size (epicentral intensity) and in conherting this intensity to ground

motion. These indiYidual dispersions can be considered as due to randomness found

in nature. Severalrehiewersarguedhoweverthattreatingtheseerrorsas

independent and disregarding their cross correlation is overly conservative and

that it increases the total dispersion beyond that resulting frem true randomness.

Where ground motion records due exist, e.g. Western U. S., the dispersion

associated with ground motion frca a given size of earthquake can usually be

described with tr=0.5 to 0.7. Data points do not normally extend out beyond limits

of 13 7. ' These criticisms are considered valid and its recommended that the
Extension of thedispersion defined as r=0.7, truncated at 1 37 be accepted.

!

truncation point beyond 37 will not have a significant effect upon the results.
~

Synthesis Curves

Some alternate methods were suggested to synthesize the results of the Yarious

f
expert judgements. The SSSP utilizes a self-ranking system.

In the opinion of

f TERA Corporation, alternate methods would not have a significant effect upon the
*

: .

By inspection'it appears that the synthesis curves represent
| synthesized curves.

a median or scoewhat higher than median representation cf the individual spectra'

It is recommended that this synthesis be used tocomputed for each expert.

describe the hazard.

,

..
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Integration of Recommendations

In the sensitivity studies, uniform hazard spectra are presented for all the

"round motion models recomended above,i.e. Ossippee (1980 model) for north-

eastern sites and Gupta-Nuttli (1980) for central U. S. sites.

All spectra are computed assuming no bacxground andc:r=0.912e truncation.

These spectra are approximately equal to the recomended spectra of

m 0.7 1 3r truncation with a zoning assumption intermediate between a back-

ground and no background because: 1) The decrease in peak accelerations and

peak velocities computed for representative individual experts from

00.9 (; 2:r ) to o 0.7 (137-) is on the average about 7 to 10% for the

Gupta-iiuttli and Ossippee attenuhf. ions; (2) the increase in peak accelerations
'

and peak velocities from no background to background is on the average

dbout 13 to 20% for the August 1979 attenuation (the only Comparison ivailau'le).

Although there is some preliminary indication of attenuation mooel dependence

for the background-no background comparison these epprox1mations are considered

adequate given the precision of the spectra and the size of the differences.

Adecuacy and Conservatism of the Recommended Soectra

'Jhile the "1000 year" spectra are reccamendeo it is not possible to state with

any certainty that the true return pericd (inverse of . annual risk of exceedence).

is 1000 years. Generallytheseestimatesarebeliehedtobeconservativefor

the folicwing reasons.
,

I

1

|
| ..
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1. Stror.g motion data sets are in many ways biased toward high values.

Non-triggeredinstrumentsorlow-lehelrecordsreceihelittleattention.

This is also true at great distances and for longer periods where noise

maybecontributingsignificantlytoobserhedmotion.

2. The assumption that earthquakes occur randomly within a gihen seismic

source zone is conservative for large zenes of icw to moderate level
While the sources ofseismicity such as those around most SEP sites.

central and eastern U. S. earthquakes remain hidden,mest seismologists

conclude that damagina earthquakes will eventually be associated with

specific faults.

3. The uniform spectra represent ccaposite risk from different source
Under certainzones which may effect different frequency ranges.

situations, exceeding the spectra at different frequencies implies the

si: uitaneous cccurrence of earthquakes in more than ene source zone,

4. The assumption that intensities from large earthquakes ettenuate at the

samerateasintensitiesfrcasmallearthquakesisconserhative.

Scmenon-conserhativeaspectsofthisandotherstudiesare:

1. The strong-motion data set used mixes acceleregrams recorded in the true
Manyfree field with those reccrded in the basements of buildings.

engineers feel that the effect of large foundations in these buildings is

to reduce high frequency motion.

2. The probabilistic spectra represer.t the chance of being exceeded more then

once in a given return period. The probability of being exceeded twice er

more, however, is small when ccmpared to the crebability of being exceeced

only once.

. , .

--. -
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Based upon consideration of all of the abahe and their estimated relatihe
weights,we consider the true return period associated with these spectra

TERAinarecentreassessmentofconserhatismto be longer than 1000 years.

30,1980) concludes that those spectra presented in the Sensitivity(Letter,May
Results as "1000 year spectra" can be conserhatihely represented as 5000 to 10,000

Acditional work will better define what the return periods are.year ioads.

Atthepresenttimehoweher,webelievethatthereisnowayofindicatingwhat

these true return periods are or establishing rigourously defined confidence
In the past there has been implicit acceptance of design spectra thatlimits.

It is
wereassumedtohahereturnperiodsoftheorcerof1000or10,000 years.

cur judgement that these spectra fall within this description.

The most important quality of these spectra is that, although no great confidence
) h t matic

can be attached to the absolute probabilities (i.e. return periods ,t e sys e

incorporation of expert opinion and uncertainty and the wide ranging sensitihity
hazard probabilities

tests indicate greater stability when estimating relative
h

at these levels of ground motion. This would apply to estimating the equi etent
'levelsofprobabilitiesofexceedenceatdifferentsitesandsmallrelatihe

Thus,while we are
differences in probabilities of exceedence at the same site.

1000, 50C0 or 10,000 year
not sure that the "1000 year spectra" really represent

',
return periods at all the sites we have greater confidence that they represent sopro

imatelyecuivalentlehelsofhazardwhateverthetruereturnperiodis.ThisisbasG
in large part upon the relative consistency of effects associated with the sensi-

ide
tivitytests(SSSPSensitihityResults,May1980)andthesynthsizingofw

ranges of expert judgement with respect to each regien.

..
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Comparison of Spectra with " Deter 11nistic" Procedures _

In order to further evaluate the adequacy and reasonableness of the recommended

design spectra several comparisons with non-probabilistic techniques were

perforn.ed.

C voarisen with soectra determined usino the tectonic crovince accroach
In this approach (Figure 1) the 1argest histcrical earthquake(Accendh M.

that has occurred in the host province is assumed to occur near the plant

while the largest historical earthquakes in adjacent provinces are

assumed to occur in these provinces at locations closest to the site.

The ground motion at the site from these earthquakes is estimated and
Tectonic province boundaries

this determines the seismic input to design.

and earthquake si:es were estimated based upon recent licensing decisions.

The configuration of the New Madrid Zone was also used assuming the more
The assumptions for

recent suggestions of Nutt11 and Hermann (1978).

each site are listed in Table 1.
Earthquake si:e is also given in terms

of magnitude (m ) and these are based upon recent individual detenninations
b

of the magnitudes from intensity data and the general relationship proposed

by Nuttii and Herrmann (1978).

Utili:ing these events, a series of theoretical anc empirical equations were
In order

used to predict the peak accelerations and velocities at each site.

to deal with differences in these equations, selected results representing the

most appreoriate theoretical and empirical relaticnships were averaged to arrive
Table 2 shows the con-

at final estimatas of peak acceleration and velocity.
These are compared with the

trolling (largest) peaks estimated at each site.

peak accelerations and velocities associated with the rec:= ended unifem

ha:ard ( rcbabilistic) spectra.
j

..
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The uniform hazard peak accelerations reach or exceed the deterministic peak

accelerations at all sites except Palisades, Lacrosse and Big Rock Point.
.

This is a reflection of the fact that these 3 sites lie in areas of low
Theseismicity and estimated seismic hazard in the central stable region.

uniform hazard peak velocities exceed the deterministic peak velocities

except at Dresden where it is less. This is a reflection of the

fact that probabilistic techniques take into account larger than historical

earthquakes. Sensitivity studies show that these have the largest effect

upon peak velocities. This is reflected in the deterministic procedure for

Dresden where the proximity of the New Madrid zone has a significant impact.

In general it can be said that the 1000 year uniform hazard peaks bracket

the deterministic peaks. Differencesbetweenthetwosetsofhaluesresult

from the ability of the uniform hazard approach to overcome the artifici&1

constraintsoftenposedbythe"tectonicprohince" approach. Thus, while the

tectonicprohinceapproachwouldrequireBigRockPointandHaddamNeckto

utilize similar seismic input for design purposes, the probabilistic methodology
.

takes into account the real difference in seismicity and perceihed earthquake

hazard at these sites.
.

The de:erministic peak accelerations and velocities are converted to response

spectra using the amplification factors suggested by Newmark and Hall in NUREG
~

CR-009& Figs. 3 thru 11 ccmpare the recemmended unifonn hazard spectra with

50th and 84th percentile deterministic spectra. In the central U.S. the recom-

mended spectra generally fall below or at the 50th percentile. In

the eastern United States the uniform hazard spectra are approximately

..
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While the
equihalent to the 84th percentile deterministic spectra.

deterministic peaks are generally lower than the predicted peaks, use of the

84th percentile amplification factors usually more than compensate for the
Again the uniform hazard spectra more adequately reflect perceihed

differencas.
The"tectonicprohidce"approachcanbemadetoachiehe

relatihe hazard.
censerhatisminthiscasebyutilizingconserhatiheamplificationfactors.

Figures 12 and 13 show the uniform spectra ccmpared to Reg. Guide 1.60
FollowingsuggestedStandardRehiewPlan

spectra anchored at 0.1 and 0.2g.
is utilizing the trend of the means of Trifunac

procedures for new plants that design
and Srady (1975) to anchor the Reg. Guide 1.50 spectra, would result i'ild
spectra anchored at between 0.12 and 0.20g. The specific acceleration used wouh iu
dependinlargepartupcntheapplicantssubmittalandtherehiewer'sconserats
For the central U. S. the recommended spectra are mostly below the Reg. Guide

t

spectrum anchored at 0.lg while for eastern U. S. the recomended spectra are a
The aherage recomended

or abohe the Reg. Guide spectrum anchored at 0.1g.
h d

spectrum would be roughly equihalent to the Reg. Guide 1.50 Spectrum anc ore
The observation that the aherage peak

f
at a peak acceleration of about 0.1g. t 0.15g
acceleraticn associated with the reconnended spectra (Table 2) is abouIt was
illustratestheoftendiscussedconserhatismoftheReg.Guidespectrum.

d d at
conservatthelyderihedfromearthquakesofdifferentsizesrecore

different distances and different site conditions.
Ccmoarison with Real Soectra Here the
A more applicable ccmparisen can be found in Figures 14 and 15.ilelehelsof
recc= ended spectra are compared to the 50th and S4th Percent

d ecorded

ensemblesofrespensespectraderihedfrcmstrongmotionrecorsrf magnitude
at nearoy distances (usually 27 km er less) frem earthquakes o

'

..

:
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5.3 + 0.5 in the western U. S. and Italy. At these distances differences

in regional attenuation are not pronounced 4 At periods less than 0.3-0.5 seconds

the recommended spectra fall in between the 50th and 84th percentile except

for Palisades, LaCrossse and Big Rock Point which are slightly below the 50th

Differences again can be related to real differences in earthPercentile.

quake hazard.

There can be some concern however in that the recommended spectra may fall

below some minimum level of ground motion frem a nearby magnitude 5.3 (In-

tensity VII). While Intensity VIII or larger earthquakes have been

restricted in historical time in the central and eastern U.S. to five
or six locations, Intensity VII earthquakes have occurred in sufficient

numbers and at sufficient local. ions such that we believe that they could occur

anywhere in the U.S. at varying levels of certainty. It is prudent therefore

to establish such a minimum level although a direct uniform hazard assessment

would more accurately reflect relative earthquake hazard. It is reccamended
,

!

! .that this minimum be set at the 50th percentile of the plotted real spectra.

While the 84th percentile has been used in deterministic techniques it is
.

not suggested that it be used as a minimum since it is more a reflec:fon of

f
the dispersion of data resulting from tne magnitude and distance rance needed

to gather an adequate number of records for statistical treatment.

As indicated above use of the 50th Percentile would have a small effect upon
,

!

.

Lacrosse, Palisades and Big. Rock Point.
l

..
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Conclusions

Baseduponrehiewoftheindicateddocumentsandthecomparisonwith" deterministic"

proceduresmentionedabohe,webeliehethatthesite-specificuniformhazard

responsespectrasuggestedrepresentanadequaleleheloffreefieldground

motion for use in the reehaluation of the SE? plants. Theharyinglehelsofthese

spectra more accurately reflect true hariations in real seismic hazard than those
We alsoderihedutilizingthe"determini' tic"tectonicprovinceapproach.s

believethatitisprudenttoestablishscmeminimumlehelbelowwhichnospectra

be allowed to f all. It is recommended that this'be the 50th percentile of real

data frcm a nearby magnitude 5.3 earthquake as shown in the comparatihe plots.

Utilization of this minimum would hahe a small effect upon Palisades, Lacrosse

and Big Rock Point. These spectra do not take into account specific site

amplification f actors that may be present at Lacrosse, Palisades or Yankee

Rowe nor do they reflect consideration of additional studies still ongoing

in the SSSP program. Those spectra presented were computed for 5% damping.

.
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Table 1 -

'

Controlling Earthquakes used in the Tectenic Province Approach

Local Earthquake (Host Province)
Site (Averace Eoicentral r! stance 10-15 km) Distant Earthouakes (other than

Host Provinces

Yankee Rowe mb 5.3 (Intensity VII) mb6.0 (Intensity VIII) from
White Mt. zone (80 km)

Haddam Neck ab E.3 (Intensity VII) mb S.0 (Intensity VIII) from
White Mt. Zone (130 km)

Millstone mb5.3 (Intensity VII) mb 6.0 (Intensity VIII) from
White Mt. Zone (140 km)

Oyster Creek mb 5.3 (Intensity VII) mb 6.0 (Intensity VIII) from
White Mt. Zone (375 km)
mb 5.8 (Intensity VIII) from
Southern Valley and Ridge (550 ks

Ginna mb5.3 (Intensity VII-VIII) mb 5.75 (Intensity VIII)(from55 km)Clarenden-Linden Fault

Dresden mb 5.3 (Intensity VII-VIII) mb 7.5 (Intensity XI-XII)from
New Madrid Zone (280 km)

4.b6.7 (Intensity X) from Wabash
Zone (200 km)

Palisades mb5.3 (Intensity VII-VIII) =b7.5 (Intensity XI-XII) from
New Madrid Zone (315 km)

*:b6.7 (Intensity X) frcm Wabash
Zone (300 km)

Lacrosse mb5.3 (Intensity VII-VIII) mb7.5 (Intensity XI-XII from
New Madrid Zone (600 km)

*tb6.7 (Intensity X) from Wabash
.

Zone (530 km)

Big Rcck ?t. ab5.3 (Intensity VII-VIII) eb7.5 (Intensii.y XI-XII) from
.;ew Madrid Zone (750 km)*

mb6.7 (Intensity X) frem Wabash
Zone (650 km)

" Controlling event based upon Nuttii and Herrmann (1973) interpretation of Mississippi
Emcayment Seismic Icning.

.
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Table 2

Comparison of Predicted Peak Accelerations and Velocities Based upon Probabilistic*
and Deterministic ** Techniques

2
Site Peak Acceleration (cm/sec ) Peak Velocity (cm/sec)

Probabilistic Deterministic Probabilistic Deterministic

1. Yankee Rcwe 195 123 22 11

2. Hadden Neck 202 123 20 9

3. Millstone 184 123 18 9

4. Oyster Creek 161 123 18 9

5. Ginna 169 132 17 10
~

6. Dresden 124 132 -16 20

7. Palisades 102 132 15 12

8. Lacrosse 91 132 14 9

9. Big Rock Point 81 132 11 9

*Probabilistic values are those asscciated with TERA-LLL's synthesis for the 1000
yr return period. Attenuation model used for sites 1-5 was 1980 Ossippee for sites
6-9 1980 Gupta-Nuttli. While explicit values assumed no background and a dispersion
of 7=0.9 + 2 7 This is estimated to be equivalent to intermediate background and
a dispersTon of C=0.7, + 3 7

** Deterministic values were computed using Table 1 and averages of results frcm
the following suites of predictive equations.

'

1 .

Lccal Events - all sites, suite (a)
Distant Events - northeastern sites (1,2,3,4), Suite (b),

central sites (5,7,8,9) Suite (c)
! intermediate site (5) Sui e (a).

The suites of equations are:

Herrmann (personal communication, 1980), TERA-LLL Aug, 1979, TERA-LLL 1950| a.
Ossipcee, TERA-LLL 1980 Gupta-Nuttli.

b. Herrmann (personal ccomunication, 1980), TERA-LLL 1950 Ossippee
Herrmann (personal ccmmunication, 1980),' TERA-LLL Aug. 1979, TERA-LLL 1980c.
Gupta-Nuttli.

|
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h OOPERAT/VE po sex en a 2615 EAST AV SOUTW . L.A CROSSE W5CONSIN 51601

t608) 788-4000
.

October 14, 1980

In reply, please
refer to LAC-7181

DOCKET NO. 50-409

Director of Nuclear Reactor Regulation %O
ATTN: Mr. Dennis M. Crutchfield, Chic.f

Operating Reactors Branch No. 5
Division of Operating Reactors
U. S. Nuclear Regulatory Commission
Washingten, D. C. 20555
SUBJECT: DAIRYLAND POWER COOPERATIVE

LA CROSSE BOILING WATER REACTOR (LACBWR)
PROVISIONAL OPERATING LICENSE NO. DPR-45i

SEISMIC EVALUATION PROGRAM

Reference: (1) NRC Letter, Eisenhut to Linder,
dated August 4, 1980.

Gentlemen:

Your letter, Reference 1, requested that we submit details of our
plans for proceeding with a seismic evaluation program and provide
justification for continued operation in the interim until the
program is complete.

To date, Dairyland Power Cooperative (DPC) has undertaken substan-
tial efforts to evaluata the integrity of the plant and systems
essential to safety and safe shutdown.

I In 1973, Dairyland Power Cooperative required structural evalualions
to be prepared for the Full Tera Operating License application.
Gulf United Corporation evaluated the adcquacy of major LACBWR
structures and equipment to withstand the effects of an earthquake

,
event. The Gulf United report (Technical Reference 1) used a ground
response spectra, which was developed by Dames and Moore, based on a'

maximum horizontal ground acceleration of 0.12G for the Safe Shut-
down Earthquake. The Gulf United report indicated that high stresses
would be generated in some piping systems and building structures
during a seismic event and Gulf United indicated that more detailed
analyses would be required.

In 1974, DPC contracted Nuclear Energy Services (NES) to review the
Gulf United report, prcvide the detailed seismic analyses on major
primary system piping and design pipe restraints, if required. The
seismic / stress analyses performed by NES are reported in Technical
References 2 through 6 and included the recirculation piping, the

ho%
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Mr. Dennis M. Crutchfield, Chief LAC-7181
!Operating Reactors Branch No. 5 October 14, 1980

main steam and feedwater piping, and the high pressure core spray
suction and discharge piping. NES also reanalyzed the LACBWR and
Genoa 3 stacks for seismic effects. This work was reported in

Technical Reference 7.

The NES analytical work confirmed that pipe restraints were
necessary and DPC had decided to proceed with the design, fabri-
cation and installation of the required pipe restraints. Shortly
thereafter, the decign work was stopped because the site specific
spectra was questioned by the NRC and the potential for soil lique-
faction was being evaluated by NRC.

It has recently been determined by NRC that soil liquefaction does
not pose a problem at LACBWR and NRC also agreed that the 0.12G
value used in previous analyses is acceptable and even conservative.
The latter conclusion is based on a comparison of 0.12G ground
response spectra developed by Dames and Moore and the LACBWR site
specific spectra furnished by the NRC in Technical Reference 8.
The ground response spectra developed by Dames and Moore clearly
envelops the site specific spectra of Technical Reference 6. There-
fore, all of the seismic evaluations of LACBWR structures and piping
performed since 1974 by NES were based on a more conservative seismic
spectra. It is DPC's' intention that all future seismic work required
for LACBWR will be based on the Technical Reference 8 seismic spactra.

Since 1978, NES has provided seismic / structural analyses work as
required by DPC for the Systematic Evaluation Program. This work is
being performed in accordance with the program submitted with this
letter as Technical Reference 9. The overall seismic / structural
evaluation of major structural components of the LACBWR Containment
Building using the conservative ground response spectra of Technical
Reference 1 has been completed. These major structural components of
the Ccntainment Building include the steel containment shell, the
reactor pressure vessel, the outer and inner concrete shield walls,
the concrete foundation mat and the pile foundation. The analysis

' indicated that the overall structural integrity of these major
components will be maintained during the Safe Shutdown Earthquake.

Recently DPC has decided to upgrade the shutdown condenser system
to an engineered safety system. Part of this upgrading effort cen-
sists of seismic analyses of the shutdown condenser, its support
structure, and associated piping and valves. These analyses are

currently being performed by NES.

As can be seen from the above discussion, DPC had started its own
program of seismic / structural evaluations long before August 4,
1980 (Technical Reference 8) and in some cases even before the
Systematic Evaluation Program began.

-2-
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Mr. Dennis M. Crutchfield, Chief LAC-7181
Operating Reactors Branch No. 5 Cctober 14, 1980

Summarizing this work to date:

1. Integrity of the reactor coolant pressure boundary:
Structural analyses have been completed for the reactor
pressure vessel, the main steam piping, the feedwater
piping, and the recirculation piping.

2. Integrity of fluid and electrical distribution systems
related to safe shutdown and engineered safety features:
Structural analyses have been completed for the high pressure
core spray suction and discharge piping. Analysis of the
alternate core spray piping and shutdown condenser piping is
currently in progress. Seismic pipe restraints for the high
pressure core spray piping are currently being designed and
fabricated for installation commencing,early in November 1980
during the next scheduled refueling-outage.

3. Integrity and functionability of mechanical and electrical
equipment and engineered safety feature systems: Structural

,

analyses of the Containment' Building steel shell, outer
shield wall, inner shield wall, concrete foundation and pile'

foundation is complete. Analysis of the LACBWR stack is
complete. Analysis 'of the shutdown condenser and associated
equipment is in progress.

As stated earlier, the previous analytical work performed for
several major LACBWR piping systems indicated the need for additional
pipe restraints. Since this work has been completed ahead of the
Systematic Evaluation Program schedule, DPC has committed to a f abri-
cation and installation program for the pipe restraints. DPC prefers
to undertake this program now rather than wait for a 1982 outage, as
proposed in Technical Reference 8. DPC has taken this position with

,

I the assumption that the ground response spectra shown in Technical
; Reference 8 is substantially correct and will not be revised in a

more conservative direction by the NRC. It is estimated that an add-l ' itional 24 months of analytical and evaluative work remain to satisfy
the requests provided in your letter. This time table appears cen-
sistent with the progress of the Systematic Evaluation Program and
the review of the Full Term Operating License.

i
Technical Reference 10 states that the NRC has determined that "the
return period for an earthquake resulting in a peak acceleration of
.12G would be at least 1,000 years and that the actual return period
could be an order of magnitude higher. The LACBWR site is located

!
in the Central Stable Region where historically the seismic activity,

is very low. Using seismicity data developed by the TERA Corporation
for Lawrance Livermore Laboratory and the NRC, in conjunction with a
computer program designed to perform seismic risk analysis, Dames &
Moore has determined that the return period for an earthquake of
this size is at least 10,000 years and more likely between 10,000

]
and 100,000 years."

:
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Mr. Dennis M. Crutchfield, Chief LAC-7181
Operating Reactors Branch No. 5 October 14, 1980

Since the duration of the structural / seismic portion of the SEP
is much shorter than the anticipated remaining life of the plant
and since both DPC and NRC have agreed that the general level of
seismic hazard is sufficiently low for LACEWR's anticipated
remaining life, DPC feels continued operation of LACBWR is justi-
fied in the interim until the Systematic Evaluation Program is
complete.

If there are any questions concerning this submittal, please
contact us.

Very truly your's,

DAIRYLAND POWER COOPERATIVE

-

' ._ . .. L
<

- . . . . .

Frank Linder, General Manager

FL:RES:af

Enclosures

cc: J. G. Keppler, Reg. Dir. , NRC-DRO III
NRC Resident Inspectors
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Mr. Dennis M. Crutchfield, Chief LAC-7181
Operating Reactors Branch No. 5 October 14, 1980

Technical References:

1. Gulf United Report No. SS-1162, Seismic Evaluation of the
La Crosse Boiling Water Reactor, January 1974; DPC Letter,
Madgett to Giambusso, LAC-2788, dated October 9, 1974
(Application for FTOL) .

*2. NES 81A0089, Seismic and Stress Analysis of LACBWR Recircul-
ation Piping System.

*3. NES 81A0088, Seismic and Stress Analysis of LACBWR' Main
Steam Piping System.

*4. NES 81A0037, Seismic and Stress Analysis of LACBWR Feedwater
Piping System.

*S. MES 81A0090, Seismic and Stress Analysis of LACBWR High
Pressure Core Spray Suction Line Piping System.

*6. NES 81A0091, Seismic and Stress Analysis of High Pressure
Core Spray Discharge Line Piping System.

7. NES 81A0092, Seismic and Structural Analysis of LACBWR and
Genoa 3 Stacks, June 1976.

8. NRC Letter, D. G. Eisenhut to F. Linder, SEP Structural /
Seismic Evaluations, August 4, 1980.

9. NES Letters 5101-382, 5101-420, and 5101-481, R. A. Milos to
R. E. Shimshak, Systematic Evaluation Program, Seismic and
Structural Analysis, dated 9/7/78, 10/24/78 and 3/22/79
respectively (Transmitted with this letter) .

1D. Licensee's Answer to Order to Show Cause, dated March 25,
1980.

* DPC Letter, Linder to Director NRR, LAC-5478,
dated September 27, 1978.
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g NUCLEAR ENERGY SERVICES,INC. II %9,

NES DIVISION
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.

DAN 8URY. Copet 06810(*~
\ ~}} con ussset

.

September 7, 1978
Reference No. 5101-382

.

Mr. Richard E. Shimshak .

Lacrosse Boiling Water Reactor
Dairyland Power Cooperative.

P.O. Box 135
Genoa, WI 54632

Subject: Systematic Evaluation Program
Seismic Analysis Flow Chart

Dear Mr. Shimshak:

Enclosed is the SEP - Seismic Analysis Flow Chart, which we dis-
cussed last week at LACBWR. Confirming our telephone conversation
today, Iqbal Husain is preparing a Task Plan covering the SEP -
seismic analyses work and, in accordance with your instructicns,
he has started to model the Containment Building.

If we can be of further assistance, please call.

Very truly yours,

NUCLEAR ENERGY SERVICES, INC.
NES. Division

/ $*

| Richard A. Milos
| Project Manager

_

RAM /las
Enclosure

cc W. J. Manion .

A. H. Yoli
I. Husain
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October 24, 1978
Reference No. 5101-420

.

Mr. Richard E. Shimshak
Dairyland Power Cooperative fLa Crosse Boiling Water Reactor |P.O. Box 135
Genoa, WI 54632

3

Subject: Task Plan for the LACSWR-SEP
Seismic and Structural Analysis

Dear Mr. Shimshak:

Enclosed is the Task Plan for the Seismic and Structural
Evaluation of Major Building Structures, Equipment, Piping
Systems and Components for the LACBWR Systematic EvaluationProgram.

Please review the enclosed Task Plan and send usyour approval and/or comments.

If there are any questions, please do not hesitate to call.
Very truly yours,

NUCLEAR ENERGY SERVICES, INC.
|NES Division '
t

Richard A. Milos !

Project Manager
RAM / jam &

.

Enclosure . '

s.

cc: J. D. ?arkyn
W. J. Manion h
A. H. Yoli
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TASK PLAN
'
' *

FOR '

.,

SEISMIC AND STRUCTURAL EVALUATION OF
MAJOR BUILDING STRUCTURES, EQUIPMENT, '

PIPING SYSTEMS AND COMPONENTS FOR THE
LACBWR SYSTEMATIC EVALUATION PPJOGRAM

.

.

PREPARED UNDER PROJECT 5101
'

FOR,
..

DAIRYLAND POWER COOPERATIVE

.
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1 A. objective
"

*

i)
'

To perform seismic and structural analy'ses of essential: building
structures, equipment, piping systems and compone.nts for the '

LACBWR Systematic Evaluation Program.
,

.

'

B. Background -

,

''USNRC has initiated the Systematic Evaluation Program (SEP) for'
-

a number of o'ider nuclear power plants. La Crosse Boiling Water
Reactor is one of these plants. In the SEP it is required that
essential building structures, equipment, piping systems and
components be evaluated to verify their adequacy to withstand
the normal loads (e.g. dead, live, pressure and thermal loads)
as well as the loads associated with seismic and LOCA events.
In an earlier response to the AEC/DL's request to review the
effects of an earthquake event on LACBWR, Dairyland Power .

Cooperative requested Gulf United Nuclear Fuela Corporation to
evaluate the adequacy of the major structures and equipment to

( withstand seismic loadings. The Gulf United (GU) Nuclear Fuels
| Corporation study used the ground response spectra (developed by

Dames and Moore) which was based on a maximum hori=ontal ground
acceleration of 0.12 G for the Safe Shutdown Earthquake (SSE).
The Gulf United Study (Reference 1) indicated that high stresses
would be generated in some piping systems (e.g. main steam) and

*. building structures (e.g. the LACBWR stack) during a seismic
event. To eliminate the possibility of a seismically induced
loss of coolant accident, detailed seismic / stress analyses of-
the major LACBWR piping systems were subsequently performed and
the design of necessary seismic support systems were initiated by
NES (References 2 through 6).

In the SEP, however, NRC is asking'LACBWR to evaluate the plant
adequacy for a higher seismic input ground motion (>.12G) and
to include the effects of other loads (dead, live, pressure,
thermal, etc.) which were not considered in the GU study. There-

I fore some of the seismic / structural analysis work will have to
| be redone or modified.

NES proposes to perform the SEP seismic / structural analyses work
in accordance with the flow chart shown on Figure 1 and the method,

I

of approach described in Section C of this task plan.

C. Method of Approach
|

| As indicated on the seismic / structural analyses flow chart, on
| receiving the list of essential equipment (which is being
I developed by NRC), NES will prepare the applicable loads, load

combinations and the corresponding structural acceptance criteria
V

.

a*
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for each item of essential equipment. These loa'ds,. load combina- ~

[() tions and the corresponding structural acceptance criteria will
be based on the guidelines given in NRC Standard Review Plan

,

Section 3.8.4 (Reference 7) , applicable ASME, AISC and ACI codes
(References 13 through 15) and current nuclear industry practice.'

.

The list of essential equipment, loads, load combinations and
acceptance criteria will be reviewed and agreed on by NRC/DPC/NES
prior to performing any detail analysis work.

'

,

.

NRC and their consultant Lawrence Livermore Laboratory OLLL) are*
'

curr'ently reviewing the regional geological, seismological
information and the LACBWR site soil data. NRC has requested
the maximum seismic loading that the plant structure could with-
stand without making major structural modifications. This
information along with the LLL recommendations will be used by
NRC in deveJoping the maximum ground acceleration and the site
seismic spectra.

.
'

Since major modifications to the containmene building would be
very costly and would involve an extended shutdown, NES believes

i that it is the most important essential structure to analyze with
respect to establishing the maximum tolerabis seismic loading.
Furthermcre, the seismic response results of the containment
building are required in evaluating the structural adequacy of
other essential equipment, NES is currently developing the
mathematical model for the seismic analysis of the containment

,

building. The multi-degree of freedom lumped mass finite element,

mathematical model of the containment building is based on current
-

,

; industry practice and includes the soil structure interaction
effects as well as that of the pile foundation: the seismic
analysis will be performed using ground acceleration time history
input base motion and the modal superposition methods of dynamic
analysis. The characteristics of t.he base motion time history
will be such that its spectra will envelope the ground response
spectra given in NRC Regulatory Guide 1.60 (Reference 8).
Appropriate damping values given in NRC Regulatory Guide 1.61
(Reference 9) will be used in the analysis. The effect of each
of the three orthogonal spatial components (two horizontal

, and one vertical) of the earthquake will be based on procedure
| given in NRC regulatory Guide 1.92 (Reference 10).
|

| The containment building structures will also be analyzed for
other normal (dead and live loads) and abnormal loading conditions
(pressure and thermal loads of LOCA) using appropriate finite
element models and static or dynamic metnods of structural

j analysis.

|
The response results of the seismic normal and abnormal loading
conditions will be combined and compared with the allowable values
in accordance with NRC standard review plan 3.8.4. The mathe--

matical model, load combinations, analytical methodology, etc

(]) will be reviewed with DPC/NRC prior to performing the detail
analyses work. From the above analyses the maximum ground,

.
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acceleration that the' plant could withstand without making major
structural modifications to the containment building will be') developed. ,

-

-
. .

.

Based upon this DPC determined maximum ground ' acceleration value,
LLL recommendations and NRC experience with other utilities
participating in the SEP, NRC will' select the maximum ground
acceleration and site seismic spectra as indicated in the flow

*

chart. .

. If major plant structural modifications are required to m'eet the "
NRC seismic criteria using conventional seismic analysis methods,
NES will perform non-linear time history seismic analyses to take

4 advantage of the additional material strength (reserve energy)
available in the plastic range. Also wherever feasible pro-
balitic combination of various loadings will be considered.

As indicated in the seismic analyses flow chart, mathematical
*models, load combinations, structural acceptance criteria, etc.

will be similarly developed for essential equipment. These
equipment and essential systems will be evaluated to verify
their adequacy to survive and seismic and/or a LOCA event by

- using appropriate analytical methods, available environmental
test results for similar equipment and/or in sites vibration
testing. In the analytical methods, the floor response spectra

| or floor response time history results from the containment building,

seismic analysis .will be used as input seismic motion. Informa-
3, tion (models, . input data, etc.) available from prior GU study

and NES analyses work (Reference 1 through 6) will be utilized_

to reduce the effort required in the SEP analysis work. The
seismic and structural analyses will be performed using STARDYNE,
ANSYS and PIPESD computer codes (References 16 through 18) .

.

D. Workscope

Since the SEP seismic / structural analysis work is quite extensive,
' the workscope for the analysis of each individual building structure

equipment, and piping system will be furnished to DPC prior to
starting the detail analysis work.

,

The workscope for the seismic / structural evaluation of the
containment building which is being performed by NES is given below:

1. Prepare lumped mass mathematical of the containment building
including soil structure interaction effects.

|
2. Develop member properties, lumped masses and base input'

'motion

3. Perform selsnic analysis.
.

U
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4. Prepare finite element.models of the contairanent building j

to evaluate the effects of other normal and abnormal ;
' ' 'loadings. :- -

- -
.

, , ,

5. Prepare stiffness properties and input data f' r the normalo
and abnormal loading conditions. .

-
. ,

.

6. Perform appropriate static / dynamic analysis of the finita -
~element models. -

-
. .,

* '7 . Evaluate 'the effect.: of the combined. seismic and' other normal /-
abnormal loading conditions on the overall containment -

building structures and on the local critical. areas such
as pile foundation, containment to foundation interface,
opening for the personnel lock, overhead tank, crane to
support column, reactor vessel to pedestal connection, etc.

8. Develop the acceptable maximum horizontal ground acceleration -
.

.
values.

!
9. Prepare the detail analysis report.j

-

|

| i

1

3 &

!

|

|

.
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E. Task Engineer
'

I. Husain will be Task Engineer for this workscope. .

.

G. Schedule
.

The workscope items will be completed within five months.

H. References

1. GUS Report No. SS-1162, Seismic Evaluation of the
Lacrosse Boiling Water Reactor

2. NES 81A0089, Seismic and, Stress Analysis of LACBWR
Recirculation Piping System.

3. NES 81A0038, Seismic and Stress Analysis of LACBWR
Main Steam Piping System

4. NES 81A0087, Seismic and Stress Analysis of LACBWR
Feedwater Piping System.

l

S. NES 81A0090, Seismic and Stress Analysis of LACBWR
High Pressure Core Spray Suction Line Piping System.

6. NES 81A0091, Seismic and Stress Analysis of High
Pressure Core Spray Discharge Line Piping System.

.

7. USNRC Standard Review Plan, Section 3.8.4.

8. USNRC Regulatory Guide 1.60 " Design Response Spectra for
Seismic Design of Nuclear Power Plants" Rev.1, December 1973.

i

9. USNRC Regulatory Guide 1.61, " Damping Values flor Seismic
Design of Nuclear Power Plants", October 1973.

L
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- 10. USNRC Regulatory Guide 1.92, " Combination df Modem and ''

[.) Spatial Components in Seismic Response Analysis", Rev. 1,
February, 1976. -

,

.
-

.

11. USNRC Regulatory Guide 1.122 " Development of Floor Design
.

' Response Spectra for Seismic. Design of Floor-Supported.

Equipment .or Components", September 1976.
'

,
, ,

12. USNRC Regulatory Guide 1.57 " Design Limits and Loading
* , Combinations for Metal Primary Reactor Containment ' System *

.

Components", June 1973.
,

13. ASME Boiler and Pressure Vessel Code, Section III', Division 1,
1974 Edition, Nuclear Power Plant Components.

14. "AISC, Steel Construction Manual", American Institute of
Steel Construction, Inc., New York, Seventh Edition, 1970.

,

,

15. " Building Code Requirements for Reinforced Concrete
.

(ACI 318-71)", American Concrete Institute, March 1973.

16. MRI/STARDYNE 3 - Static and Dynamic Structural Analysis
Systems for Scope 3.4 Operating System User's Information
Manual, Revision A, Control' Data Corporation, August, 1976.

17. Swanson Analysis, Inc., "ANSYS - Engineering Analysis System

-) User Information Manual", Revision D, Control Data Corporation,
March, 1976.

( 18. URS/ John A. Blume and Associates - "PIPESD" - Pipe Static,
l Dynamic and Thermal Transient Analysis System, Version

5.1, Revision F, Control Data Corporation, December 1977.
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Mr. Richard E. Shimshak March 22, 1979
Lacrosse Boiling Water Reactor Project / Task No.: 5101

*
Dairyland Power Cooperative Reference No.: 5101-481-

P.O. Box 135
Genoa, W1. 54632

Subject: SEP - Seismic and Structural Analysis

Re ference: Telecon between R. E. Shimshak and R. A. Milos,
Same Subject, on March 20, 1979

.

Dear Mr. Shimshak

Enclosed is the revised SEP - Seismic Analysis Flow Chart which
you requested in the referenced telecon. This flow chart was

revised to indicate completion dates for the containment building -
rodel, the containment steel shell analysis and the complete con-
tainment building analysis to determine the maximum seismic loads
which the containment building can survive. The flow chart alco,

l indicates the time intervals to ec=plete other specific analyses, which
will be required after the site specific spectra have been established

i and agreed to by DPC and NRC.

Enclosed also is a copy of the SEP - seismic and structural analyses
Task Plan which was sent to you on October 24, 1978 with letter
5101-420.

If we can be of further assistance, please call.

ve y truly yours,
,

NUCLEAR ENERGY SERVICES, INC.
'NES Division

_. ,M
g

RAMima Richard A. Milos
|Enc. Project Manager

cc: W. J. Manion
- A. H. Yoli
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Mr. Richard E. Shimshak March 22,1979
Lacrosse Boiling Water Reactor Project / Task No.: 5101

* Dairyland Power Cooperative Reference No.: 5101-481-

P.O. Box 135 '
/ -

Genoa, Wi. 54632 ,

Subject: SEP - Seismic and Structural Analysis

Re ference: Telecon between R. E. Shimshak and R. A. Milos, .

Same subject, on March 20, 1979
,

Dear Mr. Shimshak |

Enclosed is the revised SEP - Seismic Analysis Flow Chart which '

you requested in the referenced telecon. ':'his flow chart was ,
revised to indicate completion dates for the containment builcling - ,

codel, the containment steel shell analysis and the complete coa ,

tainment building analysis to determine the maximum seismic loads '
which the containment building can survive. The flow chart also,

indicates the time intervals to complete other specific analyses, which
will be required after the site specific spectra have been established
and agreed to by DPC and NRC.

' Enclosed also is a copy of the SEP - seismic and structural analyses
Task Plan which was sent to you on October 24, 1978 with letter
5101-420.

If we can be of further assistance, please call.
,

very truly yours, -

,

NJCI.ZAR ENERGY SERVICES, INC.
NES Division

,

ARAM ma Richard A. Milos '

''

Enc. Project Manager

ces w. J. Manion
A. H. Yoli

~
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Southern California Edison Company '.
PO 80x 80)

2244 Wat Nut caOVE AVENUE
|

A OS EU E A D. C A LIF OR NI A 917 7 0

January 27, 1978 g

5k[./f N T

g .f%;;78/'I4h
Director of Nuclear Reactor Regulation s k i.yAttention. Mr. A. Schwencer, Chief %Operating Reactors Branch #1 g .f

Division of Operating Reactors f?*U. S. Nuclear Regulatory Com:nission 73

Washington, D. C. 20555

Gentlemen:

Sub'j ect : Docket No. 50-206
Site Specific Earthquake
San Onofre Nuclear Generating Station
Unit 1

Enclosed for your revi'ew are 20 copies of the
report " Simulation of Earthquake Ground Motions for San
Onofre Nuclear Generating Station, Unit 1, Executive Summary",
dated January 24, 1978. Copies of this report were requested
in a meeting with the NRC on January 27, 1978. Based on dis-
cussion at that meeting, we are planning to meet with repre-
sentatives of the Regulatory Staff on February 15, 1978 to
further discuss the site specific earthquake program.

.

Should you have any questions concerning this
; matter, please let me know.

Very truly yours,

Yb WW
J. G. Haynes
Chief of Nuclear Engineering

Enclosure
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SIMULATION OF EARTHGUAKE GROUPO MOTIONS FOR

SAN ONOFRE NUCLEAR GENERATING STATION - UNIT I
'

I

EXECUTIVE SUMMARY

January 24,1978
.

THE PROBLEM

A study has been undertaken to estimate amplitude, duration and frequency
content of ground motion at the San Onofre Nuclear Generating Station in the

event of a. major earthquake rupture along the hypothesized offshore zone of
deformation. Our experience with past earthquakes indicates that rather com-

plex hysical processes are involved. When shear fracture initiates along a pre-

existing fault, strain energy that is stored in the tectonically stressed earth is
released. A portion of this released energy emanates from the fractured surface

in the, form of seismic waves. Several factors influence the production of
.no cut ,

:

seismic energy along''the fault surface including the frocture strength of the
,

Gs e+
,

subsurfoce rnater.ials, the arnount of energy that is expended in creating new
crack surface, the shear-carrying capacity of ruptured rock (sliding friction) and

ine spatial and temporal vcriations in these processes os the rupture spreods.
Furthermore, shear fracture leads to a quadrupole (four-lobed) radiction pattern

which is biased by the velocity of the spreading rupture and its inherent lack of

coherence. The end product of the complex rupture process is to cause slip along

the froctured surface. The time history of slip for each point along the fracture

surface is a suitable and complete chorocterization of the production of seismic
,

waves along the fault surface.

The outgoing seismic waves encounter a multiplicity of different rock types,
each of which results in reflections, refractions and conversions to diffe' rent

wave types. These effects that crise from geologic heterogeneities are generally

.

'
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' occentuated near the earth's surfoce where geologic complexities tend to be

more pronounced. Earthquake waves are influenced most significantly by the

general increase in wave speed with depth starting from the stress-free boundary
at the earth's surfoce. The gradient in wave speed with depth tends to bend

seismic energy toward the earth's surface where waves become trapped in the

form of surface waves.

.

The amplitude or energy density of the seismic waves decreases with increasing
distance frorn the fructure surface due to geometric spreading and material
attenuation. Close to an earthquake rupture, geometric spreading causes some
waves to decay with distance by less'than r-U2 (the decay rate for trapped
surface waves) while other waves decay by as much as r-2 where r denotes

distance from the rupture surface. Material attenuation tends to preferentially
diminish the energy in high frequency waves with the greatest effects in the
shallowest layers. Soft, sedimentary layers con attenuate high-frequency waves

( > 10 Hz) by an order of mognitude in a short distance (less than one kilometer).
,

Thus, it is apparent that numerous inherent complexities are involved in esti-
mating earthquake ground motions. These ground motions depend rather strongly

on local geologic and tectonic conditions. Of fundamental importance are:

1. The chcracteristics of the earthquake rupture process that
go into producing seismic energy. .

2. The earth properties along the pcth between the observer
and the rupture surfoce. -

3. The distance and orientation of the fault with respect to
the observer.

SOLUTION STRATEGY

|

The traditional earthquake engineering approach is to estimate ground motions

using empirical relationships which are based on strong motion data recorded for

post earthquakes. Because the past recordings were made under geologic and
tectonic conditions that differ from the conditions present at San Onofrd and

- 2 %
TERA CORPORATION*
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because litt|2 strong motion dato is availabla at distanccs cf Isss than 10 km-

from the rupture surfoce, there would be, based on empirical dato, significant-

uncertainty as to the nature of ground shaking that could occur at the plant from

o major earthquake along the hypothesized zone of deformation opproximately

8 km offshore from the site.
.

In order to establish a more credible basis for estimating ground shaking from o

postulated earthquake offshore, we have proceeded with a program to develop

and implement computer models for simulating the physical processes that would

occur during such on earthquake. The goal has been to model the earthquake

processes in three spatial dimensions over the frequency range from 0.5 to 20 Hz.

The general strategy for occomplishing this goal hos been as follows:

1. Implement the most odvanced computer methods which

are suited for modeling the spontaneous fracture process

and the propogotion of seismic waves in the earth. While

numerical finite element or finite difference methods
could model the fracture processes, the problem of propa-

goting high frequency waves over several kilometers using

these methods is beyond the capability of even the largest

and fastest digital computers. On the other hand, no
analytical method was available for propogoting all of the

waves that arise in earthquakes, even for on idealized
i earth that is horizontally layered. Consequently, such on

analytical method had to be developed for the purpose of

this work.

2. Chorocterize the physics of earthquakes for incorporation!
-

,
into the computer models. Some details of the physics of

earthquakes are not well understood; for example, the

processes by which the crack spreads in what appear to be

irregular potterns-first rupturing along one segment,
stopping, and then storting again along a slightly offset
segment. Other physical processes are well understood

|

i

%'
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but beyond our ability to model; the principal exampla
being the way in which earthquake waves encounter
somewhat different rock types every few hundred meters.

(Small heterogeneities that appear along a horizontal path

are not only beyond our ability to model on the computer
but also beyond our ability *o measure in the field.)
Fortunately, the most significant processes which contri-

bute to ground motion con be modeled and the suitability
of the various idealizations that are made to simplify the

more complex behaviors con be tested by simulating
earthquakes from the past. Sensitivity studies also aid in
determining the importance of various complex physical

processes.

3. Test and verify the computer model by simulating three

past earthquakes, at least one of which is to be a large
mognitude event for which strong ground motion was
recorded for several seconds. Because the geologic con-

ditions offshore of San Onofre indicate strike-slip fault-

ing, preference was given to the selection of strike-slip
earthquakes for the test events. The three events that
were selected are Brawley (magnitude 4.9, 1976), Imperial

Valley (magnitude 6.5 to 7.2,1940) and Parkfield (mog-
nitude 6.5, 1966).

4. Calculate site specific ground motions at San Onofre from

a major earthquake along the hypothesized offshore zone

of deformation. A sufficiently exhaustive pan neter.

,

study was conducted to insure that the range on reason-

obly likely earthquake conditions has been covered and to

reveal how ground motion depends on the various model

parameters.

~ 4
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Thus, the generci strategy has been to develop, test and *mplement computer
models for simulating earthquake ground motions. This opproach has been pur-
sued as a means for estimating ground motions under geologic ond tectonic

conditions particular to Son Onofre.

COMPUTER MODEL

The computer model that has been developed for simulating earthquakes is

partitioned into three basic steps: fracture simulation, wave propogotion and
ground motion synthesis. The combined computer procedure, termed SISPEG
(Site Specific Earthquake), is visually depicted in Figure 1. Distinct computer
models are implemented for treating each of the three basic steps as described

below.

1. Fault Slip

A three-dimensional finite element code.(SWIS) is used in conjunction with ano-

lytical solutions and laboratory experiments to provide information on how fault

slip occurs during on earthquake. Experiments performed on compressed rock

specimens indicate that shear fracture occurs when the shear stress exceeds
some limiting value in the neighborhood of one kbar. (The octual failure strength

depends on rock composition, loading rate, the presence of cracks, confining
pressure, and interspersed fluid.) The fracture strength of rocks strongly in-

,

fluences the maximum velocity of particles on the fault surface near the crack

tip. The suitability of SWIS for simulating spontaneous shear fracture has been
demonstrated for idealized cases that have been modeled in the laboratory or

modeled by analytical solutions. Results from SWIS calculations provide the

basis for determining physically plausible chorocterizations for fault slip for use

in earthquake simulations.

-
5 ..
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2. Wavn Prcpogotion-

An analytical code (PROSE) has been developed to propogate seismic waves in

horizontally layered, viscoelastic earth. The method utilizes a rather sophis-
ticated procedure for inverting solutions, expressed as functions of horizontal
wave number and frequency, into radial distance and time, respectively. This

procedure is depicted in Figure 2. The resulting method occurately synthesizes

the multiplicity of waves that arise in a horizontally layered medium over the
frequency range from 0.1 to 20 Hz. Elementary solutions (Green's functions) are

obtained using the appropriate geologic layering for wave contributions that
result from rapid slip over small fault segments which are distributed over the
surface of impending rupture. Several hundred of these elementary solutions
(Green's functions) are obtained for o single earthquake to insure occurate
simulation of the seismic energy that radiates from o!! portions of the rupture

surface.

3. Ground Motion

The fault slip, which is prescribed based on calculations by SWIS, is combined

with the wave propagation produced by PROSE to produce synthetic earthquake

motions using a convolution code (FALTUNG). The prescription of fault slip is
convolved, both in time and space over the rupture surface, with the elementary

solutions from PROSE to produce synthetic ground motion at selected points on

the earth's surface over the frequency range from 0.1 to 20 Hz. The procedure is

illustrated in Figure 3.

EARTHQUAKE PARAMETERS

The earthquake calculations produce ground motions that depend on the charac-

terization of fault slip and on the surrounding earth structure. The various
parameters that define on earthquake simulation are itemized below along with a

description of how values are assignad to the parameters. Information on how
the various parameters influence the computed ground motion is presented in the

subsequent section " Discussion of Results."

%'
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Layered Earth Model Boundary Conditions Three-Dimensional
Equations of Motion

e Thicknesses and in Cylindrical
e Densities Source Conditions Coordinates

e Wave Velocities

e Quality Foctors

I

u

Transform Governing Equations

e Fourier Time (t) -. Frequency (w)

e Fourier Azimuth (6)-*
Intecer Order (n)

,
e Bessel Epicentral Distance (r)-*

Horizontal Wave Number (k)
e No Transform on Depth (z)

u

Obtain Closed Form Expressions
for Particle Displacement in the
Transformed Domain (z, n, k, w)

.

u

Numerically Invert Bessel Transform
to Obtain Ground Motion over Distance (r)

u

Numerically Invert Fourier Transforms
to Obtain Ground Motion over Azimuth (e)

md Time (t)

u

SYNTHETIC SEISMOGRAMS

FIGURE 2*

PROCEDURE FOR SYNTHESIZING THE PROPAGATION OF

S_EISMIC ENERGY (PROSE) IN HORIZONTALLY LAYERED EARTH
~

%
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Geology of the Fault Tectonic and Earth i

Region and the Chorocteristics along
Propogotion Path the Fault Zone

, r , r

PROSE: Mothematical WIS: 3-D Finite Element
i Model for the Propogotion i | Model for Earthquake l

of Seismic Energy Rupture

1r 1 r

Elementary Solutions for Slip Chorocterization
Ground Motions Produced over the Rupture

by Small Rupture Segments Surface

|

FALTUNG: Earthquake Model as the
Convolution of Fault Slip with ;;

Rupture-Segment-Induced Ground Motion

i r

'

Computed Earttquake
,

| - Ground Motion

|
1

| FIGURE 3

PROCEDURE FOR MODELING SITE SPECIFIC EARTHOUAKE

GROUND MOTIONS (SISPEG)
,
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1. Earth Structure

The earth's crustal structure is characterized by horizontal, viscoelostic layers to

o depth in excess of 20 km. The material in each layer is characterized by layer

thickness, density, sheor-wave velocity, compressional wave velocity, and quality

foctor (Q). The Iqyer thickness cnd wave velocities are extracted from field

data, primarily seismic profiles. The density is estimated from the wave
velocities and from geologic evidence on rock type. The quality factor for each

layer is empirically related to the sheor-wave velocity using both seismic
evidence and laboratory data for guidelines. For cases in which conflicting
evidence occurs, we hcve chosen to rely on that evidence with the largest quality

factor, i.e., we use the smallest material attenuation that is censistent with the
available data. These parameters for earth structure are used in the compu-

totions of elementary propogation functions by PROSE.

2. Rupture Extent

Elementary propogation functions are computed for o distribution of small rup-

ture segments of the faulting surface (s) of interest. In subsequent ground motion
calculations with FALTUNG, o particular rupture geometry is specified, which
includes the lateral dimensions of the impending rupture surface (s) and the

hypocenter-the point of first rupture. The hypocenter is generally positioned
near the deepest extent of rupture, which does not exceed 14 km for our studies

of strike-slip earthquakes in California. The shallowest extent of rupture rangesI

from 0 to 12 km and the rupture length ranges from I to 40 km.

3. Shp Characterization

The physics of spontaneous shear fracture is inherently centained in our chcrac-
terization of fault slip. The fracture, which initiates at a point and spreads over

the prescribed fault surface, is characterized for ground motion calculations in
FALTUNG by a space-time representation of fault slip. The following para-
meters serve to characterize fault slip.

|

!

:
|

l
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(a) Rupture Velocity: The rupture initiates at a point on the
fault surface and spreads at a velocity which is taken as a

fractional port of the local shear-wave velocity. Thus,
the rupture may spread at different velocities in different

layers. Sensitivity studies have been performed with
,

rupture velocity varying from 50 percent to 90 percent of
the shear wave velocity, the upper limit being set at the
Rayleigh-wave velocity according to fracture mechanics.

Also, test calculations have been performed for non-
uniformly spreading ruptures to gain some insight into how

fluctuations in rupture velocity might affect ground
motions.

(b) Dynamic Stress Drop: Rather forge particle occelerotions

conceivably occur of points on the fault where new crack

surface is being produced due to concentrations in stress

at the crock tip. Immediately following the production of
a new crack surfoce, the shear stress drops, almost.

instantaneously, to a lower value. Based on laboratory

experiments on rock, this drop in shear stress at the crack

tip, which is termed dynamic stress drop, is expected to
be in the vicinity of 1.0 kbar. This effect is characterized

in the slip function by peaking of- the slip velocity at
rupture initiation. This rapid slip, which is related to the
dynamic stress drop using simplified mechanics, occurs for

a brief interval of time while the crack extends a few tens
of ' meters. The duration of rapid slip (dynamic stress

drop) is set to 1/40 sec. for all calculations in the study.'

(c) Static Stress D.op: The static stress drop is a measure of

the average difference in shear stress before and after an

earthquake. The average final offset on the fault is

- 8
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linearly related to the static stress drop when the rupture

area is held constant. Seismic dato indicate that while
static stress drop varies from below 10 bars to above 100

bars depending on the earthquake, the mean value for all

picte boundary earthquakes is about 30 bars.

(d) Rise Time: Rise time is a word that has been coined in
seismology for the duration of fault slip at a single point.

SWIS calculations indicate that the " rise time" is con-
trolled by the time it takes for information from non-
sliding portions on the fault surfoce to propogate to points

where sliding is occurring. On the average, the " rise

time" appears to be the time it takes for the shear-wove
velocity to traverse the fcult width, which is the
preferred value for our earthquake calculations.

(e) Spatial Variations: In an octual earthquake, slip charac-
teristics inevitably vary in some complex manner over the

fault surface. In an effort to minimize the number of
earthquake parameters, the some slip function is used for

all points on the rupture surface. ,

Thus, the slip function is chorocterized by four parameters; rupture velocity,
dynamic stress drop, static stress drop (offset) and " rise time". The lost three
parameters govern the slip function once rupture initiates at a point as dictated

by the rupture velocity. The dynamic stress drop controls the initial slope of the

slip function (the initial slip velocity), the static stress drop provides the final
offset and the rise time regulates how much time is available to make the
transition from the initial slope to the final offset in the slip function. The

major portion of the slip duration, between the initial slope and the finct offset,
i

occurs with a constant slip velocity as illustrated in f :gure 4. This behavior is

characteristic of the results of rupture calculations performed by SWIS.

|

L
L
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FICURE 4

CHARACTERIZATION OF FAULT SLIP VS TIME
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VALIDATION STUDIES

The range of validity of the computer model hos been tested by simulating three

post earthquakes-Brawley (1976), Imperial Valley (1940) ano Parkfield (1966).
For all three earthquakes, best fits are obtained for o rupture velocity of 90
percent of the sheor-wave velocity, o dynamic stress drop of 0.S kbars and " rise

time" set to the travel-time for shear waves to traverse the smallest fault.
Specific information is provided below and in Table I for each earthquake
studied.

Brawley - Ground motions are modeled et on epicentrol

distance of 33 km using a 1.8 km-square rupture surface

at a hypocentrai depth of 7 km. A sufficiently good
match is obtained between computed and recorded ground

motion to validate both the computer model and the
geologic model for Imperial Valley. Sensitivity studies
indicate that on odequate match with recorded signals

depends critically on all the rnodel parameters including
the size and depth of the rupture.

Imperfol Valley - Ground motions are computed at the El
.

Centro recording station using a bilateral rupture which
initiates 12.3 km to the southeast of the recording station.

This rupture extends over o length of 48 km and width of

12 km. Although on odequate fit to the response spectra

is obtained by a linear bilaterol rupture, the fit to the
l codo is improved by use of a rupture propagating along the

crooked path of the mapped surface break.

Parkfield - Comparisons of the observed and computed

response spectro show excellent ogreement for the hori-

zontal components of Stations 5,8 and 12, using a 32 km

( 10o
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TABLEI

EARTHQUAKE PARAMETERS

Imperial
Brawley Valley Parkfield

Rupture Extent (km)
~

Length 1.8 48 32-

Width 1.8 12 9
Deepest Extent 7.5 12 10.5
Hypocentral Depth 7.5 12' 10.5

Distance (km) from Recording
Station to:

Epicenter 33 12.3 31.1 (Sta. 2)
32.5 (Sta. 5)

'

33.9 (Sta. 8)
36.2 (Sta. 12)
40.1 (Temblor)

Fault 33 6.6 0.2 (Sta. 2)
5.4 (Sta. 5).

8.8 (Sin. 8)
13.5 (Sta. 12)
9.5 (Temblor)

Slip Characteristics

Ratio of Rupture Velo-
city to Shear-Wave
Velocity 0.9 0.9 0.9
Dynamic Stress Drop
(bors) 500 500 500

Static Stress Drop
(bars) 140 90 24

Rise Time (sec) 0.3 2.4 2.7

Magnitude
23 27 26Seismic Moment (ergs) 3 x 10 0.36 x 10 0.39 x 10

Surface Wave Magnitude (M ) 4.9 6.9 6.3
3

.

a
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long rupture with a width of 9 km. The computed vertical

components are uniformly high in the mid-frequency range

but give good fits rear the extreme frequencies of 0.1 and

20 Hz. Station 2 is so close to the fault that most of its
response depends on local rupture properties which are not

resolved in this study. The geologic structure on the N.E.
side of the fault is not the same as on the S.W. side;

however, the fit for the Temblor station is reasonably
good. The fit to multiple observations at varying dis-

tances from the fault indicates that SISPEG !s successful
in scaling ground motion with distance.

As discussed above, some aspects of fault slip may be complicated beyond our

ability to understand in detail; however, rather uncomplicated characterizations
can be used which explain ecrthquake data over a broad range of frequencies.
Based on these studies we conclude that our computer models con provide useful

estimates of the frequency content of site specific ground motions for
earthquake design purposes.-

POSTULATED GROUND MOTION AT SAN ONOFRE
.

The computer model was used to estimate ground motion at San Onofre from

several postulated earthquakes along the hypothesized offshore zone of deforma-i

tion using geologic layering representative of that region. Layer thicknesses and
material velocities were obtained from a seismic refraction profile taken by

Western Geophysical Company at a location about midway between the San
Onofre station and the hypothesi::ed offshore zone of deformation. Quality

.

foctors were assigned to each layer by applying the same velocity-attenuation
.

formula used in the verification studies. Rupture parameters consistent with the

verification studies were used to investigate the effect of varying the length and

width of the rupture surface. In particular, the parameters were assigned values

as follows; rupture velocity = 90 percent of the local sheor-wave velocity,
dynamic stress drop = 500 bars, static stress drop = 100 bars, and rise
time = fault width divided by shear-wave velocity.

,
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Several construed rupturcs w:ro synth: sized. The most critical cose involv;s a
40-km break that ruptures toward the plant and extends at least to o point

opposite the plor,t. Such a rupture corresponds to about a magnitude 7 earth-

quake having a zero pericd (peak) acceleration of 0.61 g. Response spectro were'

computed and smoothed for six different 40-km rupture configurations. The
envelope of these smoothed velocity response spectra is shown in Figure S along

with the corresponding response spectra obtained using the meibods of Housner,

Newmark, and Regulatory Guide 1.60. All spectro are for two percent of critical

damping. The envelope of the computed response spectro represents on upper
bound for computer-generated magnitude 7 earthquakes using our best estimates

for the various rupture parameters.

The ansitivity of computed response spectro to the various rupture porometers

is discussed below.

.-

DISCUSSION OF RESULTS

Advanced computer methods have been developed and irhplemented for simul-

cting hypothesized earthquake conditions at Son Onofre. Whereas the math-
emotical procedures used in the study are quite soohisticated and complex, the
mathematical description of the earthquake processes is not exceedingly
complicated. The model employs four parameters to chcrocterize slip along a

specified rupture suricce in on idealized horizontally layered ecrth. Each

parameter in the model is motivated by current understanding of earthquake

physics. A brief discussion follows on how the various parameters influence the

computed ground motion at the Son Onofre Nuclear Generating Station.

The properties of the geologic layering can have significant effects on the
chorocteristics of the computed ground motions. Computed ground motions vary

by more than a fccfor of two over some frequency bands when identical
earthquake conditions are simulated in the three distinct earth structures of

13
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FIGURE $
~

ENVELOPE OF SMOOTHED VELOCITY RESPONSE SPECTRA
COMPUTED FOR SAN ONOFRE VS. REGULATORY DESIGN SPECTRA

'
-

.

|
'

.

!

bt 6 56 s'
y , y A f f,3g100

[o/ N /7\
-\-)<\h@ "AM b 'f . 9 .

) Y /O
s

U 20 b' % '
~

)*
.

. Y .

[
10 f\ (y 7 jyj7 Ag yp , agj AA g y. ygg

D N & A /N' Y .p/p ' /\ hT\//X /8

/ / / .gh $? / )
,

w

~

M'd$b'd)$$$$)N$
FRM "#WWF3?SN
/sN'X d/ / /\ A NXE X/ AA W- / A

I

g/[/X /\ ')Cs\/// /\ 'XNN Q'8

h
j %g / / / /'

\

k*6.08.1MAMs?s8.04 .0 .2 .4 .6 .8 I 2 4 6 8 10 20

PERIOD (SEC)

1 SONGS I DBE, HOUSNER 2%

2 SONGS 2 & 3 DBE, NEWMARK 2%

3 REGULATORY GUIDE I.60 2%

4 SONGS SITE SPECIFIC EARTHQUAKE 2% %
TERA CORPORATION

-.
_.



. _ . .

..:.. r
,

*
.

.

'

Parkfield, Imperlol Valley, and Son Ornfre. This fact emphasizes the importance
'

of using information on local subsurface properties for chorocterizing site-
specific ground motions.

The hypothesized earthquake rupture of Son Onofre was assumed to pcss within
'8 km of the power station. A 40-km rupture length was used to appraise poten-

tial earthquake motions at the plant even though our calculations indicate that

the portion of the rupture beyond 20 km does not significantly influence high
frequency shaking (above 5 Hz) at the plant in the presence of more local earth-

quake fracture. Motions of the plant were found not to be significantly influ-
enced by the presence or obsence of surface breakoge; however, the deepest

'

extent of the rupture is of some importance for anticipating high frequency
shaking.

Sensitivity studies have been performed to determine how the computed ground

motions depend on the four rupture parameters. Changes in rupture velocity leod

to brood-band changes in computed ground motion. In general, the intensity of

ground shaking increases with increasing rupture velocity. Alterctions in
*

dynamic stress drop influence the amplitude of shaking for periods shorter than

4.0 seconds; velocity response spectro vary almost linearly with dynamic stress

drop for periods shorter than 1.0 second. Static stress drop, on the other hand,

influences periods longer than 1.0 second; velocity response spectro vary linearly

with static stress drop for periods longer than 4.0 seconds. Finally, the " rise
time" influences the amplitude of ground shaking for periods longer than the " rise

.

time" but less than about five times the " rise time." The general trend is for -

increased low frequency ground motions with decreasing " rise time."

!

In summary, the computed ground motions at Son Onofre are based on our cur-

rent understanding of the physics of earthquakes. The computer model has been
,

tested on three post aorthquakes. The rupture parameters that influence ground

motions for frequencies above 1.0 Hz were found to be independent of the
particuiar earthquake modeled within the resolving power of the computer
model. This foct, combined with the physical consistency of the model, . lends

considerable credibility to the use of the computer model for predicting ground

motions at Son Onofre from a hypothesized offshore earthquake.

14
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Telephone 617 366-9011
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710 390-0739

YANKEE ATOM 10 ELECTRIC COMPANY ,.,21

* Q[ h *
WYR 79-146

20 Turnpike Road Westborough, Mcssachusetts 01581
.Yxuxscs .

November 29, 1979

United States Nuclear Regulatory Ccznmission
Washington, D.C. 20555

Attention: Office of Nuclear Reactor Regulation
Mr. Dennis L. Ziemann, Chief
Operating Reacters Branch #2.

Division of Operating Reactors

Reference: (a) License No. MPR-3 (Docket No. 5C-29)

Dear Sir:
.

Subject: Yankee Rowe SEP; Site Dependent Response Spectra

Enclosed as Figure 1 is the horizontal seismic response spectra for the
Yankee Rowe Nuclear Power plant site.

.

The response spectra for the Yankee Rowe site were developed using only
earthquakes determined to appropriately fulfill the prescribed earthquake
ground motion potential at a site; namely, the magnitude of the SSE, the
hypocentral distance, and the site foundation conditions. This approach,
which is in accordance with the criteria of Appendix A, avoids many of the
problems inherent with determining ground motion by scaling event size or
epicentral distances. From recent seismological studies, it is known that the
shape of the spectral excitation is dependent on earthquake size as well as
frequency-dependent attenuation effects. The proper selection of

I accelerograms which are used to construct the response spectra void the errors
| resulting from scaling.

The seismicity evaluation for Yankee Rowe as prepared by Weston
Geophysical was submitted to the NRC on February 23, 1979. This report
entitled " Geology and Seismology, Yankee Rowe Nuclear Power Plant" considered

| the seismicity within the site tectonic province as well as adjacent tectonic
'

provinces and structures to reach the conclusion "that an Intensity VI(MM) is
an appropriately conservative estimate of the Safe Shutdown Earthquake". ,The
Safe Shutdown Earthquake is best characterized by a magnitude of 4.5 in the
report entitled " Eastern United States tectonic Structures and Provinces
Significant to the Selection of a Safe Shutdown Earthquake" prepared by Weston
Geophysical for the SEP Owner's Group and submitted to the NRC on
October 16, 1979, a .
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The occurrence of a larger earthquake at a greater epicentral distance I
was also considered in the seismicity evaluation of the Rowe site. A $
magnitude range of 5.5 to 6.0 for an Intensity VIII(MM) earthquake associated.

with the Ossipee and Cape Ann plutons of the White Mountains Intrusive Series
and a magnitude range of 5.0 to 5.5 for ar Intensity VII(MM) earthquake
associated with the Adirondack Uplift constitute the maximum risk to the Rowe
site from a distant event.,

Geological investigations of the site locale show that the Rowe plant is
situated on glacial sediments in the lower elevation of a broad bedrock valley

! with the bedrock surface beneath the site dipping at 30 to 5000 to the
southeast. Seismic refraction surveys and test borings have identified the
glacial deposits as dense till. In-situ velocity measurements (report
transmitted to the NRC on April 5, 1979) have determined that the 70 to 140
feet of glacial till beneath the site has a compressional wave velocity of
6,700 to 7,000 f t/sec and a shear wave velocity of 1,700 to 2,200 ft/sec.

'

Using the seismicity and site conditions defined above, our strong motion,

i data base was searched for accelerograms produced by earthquakes within' the
appropriate magnitude and epicentral distance ranges and recorded at sites
whose geologic setting and/or foundation conditions (based on shear wave,

velocity data if available) resemble those at Rowe. The selected
accelerograms were corrected for instrument response in accordance with
state-of-the-art procedures to obtain response spectra for each available
component.;

The selected data for the magnitude 4.5 earthquake in the site province
included 60 horizontal components (30 earthquakes) . The earthquake magnitudes

; ranged from 4.4 to 5.4 (mean magnitude 4.8), and the epicentral distances.

ranged from 1.7 to 33.2 kilometers (mean epicentral distance 15.0 km) . The
selected accelerogram data set included 26 recordings from California (14 from

j 1975 Oroville earthquake sequence) and 34 recordings from the 1976 Friuli,
| Italy earthquake sequence. The mean response spectra for this data set is

presented on Figure 2.

The data set of accelerograms recorded from moderate sized earthquakes at
epicentral distances greater than 50 kilometers is limited because of low
acceleration at greater distances. Selection from this data was restricted to
.those site conditions representative of Rowe. Eight (8) components (four
earthquakes) met the seisnicity-distance criteriar namely, a magnitude 5.5 to.

6.0 earthquake associated with the Cape Ann or Ossipee plutons (epicentral
distances 188 km and 178 km, respectively) or a magnitude 5.0 to 5.5 event
associated with the Adirondack Province (minimum epicentral distance 70 km)..

These accelerograms, all from California earthquakes, have a magnitude range
of 5.4 to 6.0 (mean magnitude 5.7) and an epicentral distance range of 53 to'

85 km (mean epicentral distance 69 kr.). The shorter epicentral distances in

the selected data set take into account the slower attenuation for eastern
United States' earthquakes. The mean response spectra for the data set from
distant sources are presented on Figure 3.

The horizontal seismic design response spectra recommended for the Rowe
site (Figure 1) was obtained by, enveloping the mean spectra derived for the

,.
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U.S. Nuclear Regulatory Commission November 29, 1979
Mr. Dennis L. Ziemann Page 3

site province (Figure 2) and for distance sources (Figure 3). The spectra
developed for a seistaic risk within the site province governs at periods less
than .5 seconds while the spectra developed for seismic risk at distance
sources governs at periods greater than .5 seconds.

A detailed report for the Site Dependent Response Spectra will be
forwarded shortly. Should you have any questions relative to this matter,
please contact us at your convenience.

Very truly yours,

YANKEE A1VMIC ELECTRIC COMPANY

A ./ W
Robert H. Groce
Senior Engineer - Licensing

JWS/kaf

Enclosure
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ENVELOPE OF MEAN SPECTRA DETERMINED FOR

SITE PROVINCE AND DISTANT SOURCES-

'
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HORIZONTAL SElSMIC DfSIGN RESPONSE SPECTRA
| YANKEE ROWE NUCLEAR POWER PLANT

Figure 1
Weston Geophysicot.
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@MEMORANDUM FI : Dennis.M. Crute teld, Chief s

I Systematic Evaluation Program Bran h 4

rd Levin, Techni M nt 2FROM: -Division of Engineering

h ib']#V --
SUBJECT: DIGITIZED PSEUD 0 SPECTRAL ACCELERATION DATA FOR

SEP PLANTS M'

,

& J
'

Attached are digitized pseudo spectral acceleration va7ues (5% damping)

for the preliminary site specific ground response spectra transmitted

to you in a letter from R. Jackson, dated June 23, 1980. Noted is a q

scaling relaticaship which can be used to convert from the 5% damped yM
spectra to spectra in the range of 2% to 20%. ,

,
,

,

,

^ st.wtw .

, , Howard Levin, Technical Assist t
Division of Engineering.

.

-

d Eisenhut
'

c: ,# _1
' '

O- R. Vollmer ( P-

l'
VL'

J. Knight ~,,'
. ( 4R. Jackson ',.

,

L. Reiter . p]*],-k ''' .

J. GtdLyes ' -
'

'

'

T. Cheng -' '

,
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** -4 SYSTEMATIC EVALUATION PROGRAM
SITE SPECIFIC SPECTRA

2
PSEUD 0 SPECTRAL ACCELERATIONS (cm/sec )

Yankee Oyster- Haddam Big
Period Rowe Creek Ginna Neck Millstone Rock Pt. Lacrosse Palisades Dresderi -

I
' 04 208.00 172.61 178.85 215.91 196.23 122.29 122.29 122.29 134.40
.

,.05 ' 213.69 178.17 192.52 228.92 210.91 130.19 130.19 130.19 142.56

.08 247.74 206.77 230.16 279.47 253.44 , 152.05 152.05 152.05 164.92

.10 275.68 229.98 258.38 316.00 287.00 179.69 179.69 179.69 181.76

.20 434.80 363.77 388.92 475.17 433.65 213.50 213.50 214.77 270.73

.30 / 455.49 376.59 375.82 456.79 415.45 201.96 201.96 224.41 267.48

.40 - 408.76 339.90 328.79 395.71 360.53 171.68 195.71 218.32 , ~ 249.33

p.b 224.32 180.98 165.10 183.25 165.68 122.90 151.98 174.57 185.13

10 93.80 64.12 60.85 67.56 59.84 59.65 77.51 91.85 33.98

PGA 195.20 161.33 168.65 202.48 184.16 102.50 102.50 102.50 124.15

'19.66 17.82 11.39 13.50 15.18 16.05PG'Jo 22.48 18.41 16.92 .

'

CONVERSION'TO OTHER DAMPING VALUES (RANGE 2% - 20%)
;. .

PSA PSAgg x"Ib
T4ns da@ng .W

Period CT
-

.

.04 **

.05 **
.

.065 ' -0.290'

.08 -0.600

.10 -0.904

.13 -1.270

.20 -1.700

.30 -1.990

.40 -1.950

.75. -1.810

1.0 -1.960

2.0 -1.600
.

* Units =cm/sec ,

** Statistically Insignificant Coefficient, Use 5% PSA Value..

, ,

4

.
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MEMORANDUM FOR: William Russell, Chief
Systematic Evaluation Program Branch
Division of Licensingr 'i \ j\

THRU: f James P. Knight, Assistant Director
( for Cwpnents and Structures Engineering

j Division of Engineering

FROM: Robert E. Jackson, Chief
Geosciences Branch.
Division of Engineering

SUBJECT: FINAL REVIEW AND REC 0!14ENDATIONS FOR SITE SPECIFIC
- SPECTRA AT SEP SITES

On April 24, 1981, we received the most important outstanding items related !

to the Site Specific Spectra Study, Drafts of Volumes 4 and 5 of Seismic
Hazard Analysis (Lawrence Livennore Laboratories). Please find enclosed our
final review of this study with respect to the SEP. This review and our
recommendations were prepared by Dr. Leon Reiter of the Geosciences Branch
and are attached to this memorandum. A sumary of these recomendations is:

1. We reaffirm the spectra recomended in the " Initial Review and
Recommendations for Site Specific Spectra at SEP Sites" (Memorandum
from R. Jackson to D. Crutchfield, June 23,1980).

2. We find no need to reduce the spectra at rock sites. This possibility
was raised in the June 23, 1980 Memorandum.

,

3. We have not take'n into account possible anomalous site conditions at
Palisades, Lacrosse or Yankee Rowe.

4. Application of this study and its review recomendations to other sites
or other programs should be examined on a case by case basis.

We consider the recommended spectra and the evaluation of their conservatism
|
' as described in the section entitled " Conservatism of Recommended Spectra"

in the attached review to be consistent with the general SEP approach.. The
assessment of these spectra with resp 2ct to safety and design adequacy should
be considered within the context of structural and mechanical performance of
plant structures, piping and equipment.

!

!

-

-

.. ,

V'

-
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MAY 2 0 9811

William Russell -2-

.

Based upon our ongoing review of site geology to satisfy SEP Topics II-4;
Geology and Seismology, and II-48: Proximity of Capable Structures to the
Site, we do not anticipate that our final review of these topics will have
any impact upon the recommended spectra.

t

Ro ert E. Jac n, Chief

Geosciences r nch .

Division of gineering

Enclosure:
As stated

!

cc: w/ enclosure
R. Vollmer
D. Eisenhut - ~

G. Lainas
W. Russell

'T. Cheng
D. Crutchfield
F. Schauer
H. Levin
L. Wight, TERA Corp.
G. Lear
L. Heller,

i D. Bernreuter, LLNL
GSB Personnel
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FINAL REVIEW AND RECOMMENDATIONS FOR SITE SPECIFIC SPECTRA AT SEP SITES-

.

Purpose and Scope

This review presents final recomendations for Site Specific Spectra to be
,

used in the reevaluation of SEP plants. It supplements " Initial Review and

Recommendations for Site Specific Spectra at SEP Sites" (Memorandum from

R. Jackson to D. Crutchfield, June 23, 1980, and. referred to below as Initial
_;

h Review) and is based upon those items reviewed for the Initial Review plus
k
ff the following documents.
c.1
!Q
$3 (-1 ) Seismic Hazard Analysis: Volume 4, NUREG/CR-1582, Application of
4

7#j Methodology, Results and Sensitivity Studies (Draft) D. L. Bernreuter,
,

d LLNL April 1981 NUREG/CR-1582. (ReferredtobelowasVolume4).
9
'd (2)SeismicHazardAnalysis: Volume 5, NUREG/CR-1582, Peer Review, Eastern
in

{ Ground Motion Panel and Fonnal Feedback (Draft) D. L. Bernreuter LLNL,

April 1981 (Referred to below as Volume 5)..

(3) Final Report Seismic Hazard Analysis: Results, TERA Corporation,

February 1981
-

;

(4) Introduction to Ground Motion Panel, TERA Corporation, February 1980."

(5) Second Round Questionnaire, TERA Corporation, September 1980.

(6) Seismic Hazard Analysis: Solicitation of Expert Opinion Second Round

Questionnaire, TERA Corp., January 1981.

.

.*

. _
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All of the above documents and many of those listed in the initial review

will appear in their final form as text or appendices in volumes 4 and 5 of

NUREG/CR-1582 Seismic Hazard Analysis. Two segments of this study, Volume 2,

"A Methodology for the Eastern U.S.," and " Volume 3, " Solicitation of Expert

- Opinion," have already been published. Volume 1 of this series, which-

; .) represents an executive sunnary of the study, has not yet been submitted.

I. : ,F.! Items originally listed in the Initial Review which have not been received
,, -

F
i'y.:s';

-. . . . ,

M are:
j

~ :,

Njkj (1) Review of the Draft Seismic Hazard Analysis by the USGS,

1?hN
~ ~

'|j (2) Additional Review and Comments by Drs. Newmark and Hall.
,

dih

ce. ]. Licensee submittals for individual SEP sites are being handled by the SEP

. Branch separately on a case by case basis.
_; ::.

,,

,

.

O7 Recomendations
,5 ,

'.] In the Initial Review the following reconsnendation was made.
,

\ .k:, f. 9
-p

! W "It is recommended that the following spectra presented in the
-G Sensitivity Results (May 1980) be used as site specific free field4

- jj spectra.
,

Eastern U.S. (Yankee Rowe, Connecticut Yankee, Millstone, Ginna,
- - Oyster Creek) "1000 year" spectra assuming no background and

Ossippee Attenuation.

Central U.S. (Dresden, Palisades, Lacrosse, Big Rock Point) "1000 yr"
spectra assuning no background and Gupta-Nuttli Attenuation.

;

-?
.

k)*
*

.

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

These spectra account for gross site conditions (soil or rock) and*

do not take into account any specific conditions which may result
inamplification(Lacrosse,YankeeRosa, Palisades).

It is also recommended that a minimum be established for which no
;j spectra be allowed to i;o below. It is suggested that this minimum
i be the median (50th pc* centile) representation of real spectra for'

: a magnitude 5.3 earthquake. This minimum exceeds the "1000" yr
1 spectra for Big Rock Point, Lacrosse and Palisades at frequencies
j greater than 2 to 3 Hz."

,

_

:d
Based upon review of the documents and information received since preparation-

%~

.1
of the Initial Review, we conclude that the reconsnended spectra as described

-

Ty above in the Initial Review are appropriate for use in the Systematic
,

% Evaluation Program. The rationale for this conclusion is discussed below.

Digitized ; response spectral . values (5% damping) for each site and a scaling

relationship which can be used to derive spectra at other damping values are
,

_} attached to this review (Enclosure 1).
.

; .2 j

Basis for previous Reconmendationj
j As described in the Initial Review the above recommended spectra depend upon

i

several important assumptions by the staff. They are:

i
.

(1) The appropriate ground motion model to be used in the Central-U.S. was''

| that based upon a modification of the Gupta and Nuttli (1976). relation.

(2) The appropriate ground motion model to be used in the northeastern U.S.

was that calculated from the 1940 Ossippee earthquake. The particular
I

,
version of the Ossippee model to be used is that which was originally

s

presented since it is more analagous to that used by Gupta and Nuttii

(1976) for the central U.S. and falls closest to theoretical models of
'

ground motion.''

.

- -e- n.----w , - - - ,-.,~-, , - , ., - - v- -

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

3) The appropriate zonation assumptions should be intermediate between those

labeled " Background" and "No Background". _

4) The appropriate dispersion assumed for ground motion estimation should be

U = 0.7 (natural logaritNns) truncated at + 3 tT.
^4

5) The recommended spectra can be associated with return periods of the order
.

'

of 1,000 to 10,000 years.
_ :

|7T.|
O

'. ' 1 The additional review herein concentrates upon the appropriateness of the
~

-;.7 ig

i[| preceeding assumptions in light of the new material received.
;7

:, e
34 *J Q
"'#''; Feedback and Second Round Questionnaire

.)
M The most important item received since the previous review centers about

. _ , q
- convening the experts for a round table discussion and the subnittal by them'

of answers to a second-round questinnnaire. At the meeting of the experts

the results of the first questionnaire, calculated results, and sensitivity
.:4

parameters were presented and discussed. This meeting was followed bi .

,

submittal of a second round questionnaire which gave each expert the

opportunity to modify his input to the study regarding the seismicity models
z

used in the LLNL/ TERA analysis. In addition each expert was asked to

explicitly address those issues which were not adequately discussed previously
~

.

It isand were shown to have an important effect upon the calculated spectra. ,

important to point cut that in the interim (between responding to the first

and second questionnaires) there occurred an m ig = 5.2 earthquake in Kentucky.b
.

$

.*

.

_ _ - _ _ . _ _ _
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.

This was the largest event to occur in the U.S. east of the Rocky Mts. since

the southe' n Illinois earthquake of 1968 and it provided an opportunity tor

test the effect of new infonnation upon the experts' input and the calculated

spectra.

I

Change in Seismicity Models
,

L Most of the experts suggested some changes in their seismicity models. While

I many of these changes were minor, some had possible major impact upon the

j calculated results. One expert provided a significantly different seismic

zonation than he previously had provided, several changed their upper magnitude
i

cut-off and two experts suggested modified b values. Qualitative assessments

! of the impact of these changes on calculated results were originally made

(Volume 5) indicating net changes in resulting ground motion for individual

experts ranging from a 5% decrease to a 30% increase in the central U.S. and

from a 15% decrease to a 15% increase in the eastern U.S. It was also felt

that the effects of these individual changes in the input would lead to

changes in the synthesis that would certainly te less than 15% in the central
.

U.S. and less than 10% in the eastern U.S. '.LLNL' recalculated results'(Volume 5)

for four of the experts. (The generic parameters were the same as those

recommended in the Initial Review). The experts selected were those for whom

most of the larger changes were indicated. Many of the changes were not as

large as originally anticipated particularly for the expert who had large

changes in zonation. As a result of the recalculations it was estimated (LLNL)

that the change in any synthesis would be less than 10%. Based upon our

..

O

_ _ _ _ _ _ _ . _ _ _ . _ _ . _ _ _ _ . _
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.

examination of the individual results we believe that this can be even further
restricted to less than about 5%. This net change in synthesis ground motion

;

would be least (a very slight increase or decrease) in the eastern U.S. and

reach an increase of perhaps several percent in the central U.S. It is

important to note that probabilistic estimates remain quite stable in .

particular these based upon a syntheses of opinion even though some of the
.

input parameters may vary significantly. This is due primarily to the

balancing effects which result from the changes in different input' parameters

for the same expert and the balancing effects which result from changes in

input parameters from different experts.

Feedback on Generic Assumptions

The experts were asked to provide their input on generic assumptions previously
;

[
assumed in the study which were applied to all the inputs uniformly. With:

.

respect to the assumption of " background" vs. "no background" most of the
|

experts (6) supported the original assumption of background (and zone

i supposition) while the others were either unsure, rejected this concept or ,

offered no opinion on the subject.
:

. .

With regard to the' choice of the ground motion model the opinion was
.

diversified. Different models including some which were not previously

considered were recommended. There seemed to be a preference for intensity ,

attenuation based upon several earthquakes and the use of different models for

I

o.

.
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the central and northeastern regions. Some recommended the use of theoretical*

models. With respect to the uncertainty assumed in the ground motion model

the experts recommended the use of standard deviations (0-) which ranged

from 0 = 0.5 to 7= 0.9 with some preference for.'he 0.6 to 0.7 range.t

Effect of Second Round Ouestionnaire Upor. Conclusions of the Initial Review

As indicated above the preferred model for calculating risk suggested in the

Initial Review assumed Gupta-Nuttli intensity attenuation in the central U.S.,

Ossippee Intensity attenuation in the eastern U.S., a dispersion of F= 0.7

13 cr and an intermediate position between " background" and "no background".

Zone superposition was assumed to be coincident with the assumption of

background. Since calculations were not carried specifically for this model

of dispersion and background, existing models were examined and we concluded

that the calculations based upon Cr= 0.9120 and no background would approximate

the desired results. The higher level of ground motion (t7 to +10%) in the

calculated result which was caused by assuming greater dispersion was

balcnced by the lower level of ground motion (-Z to -10%) in the calculated

result which was caused by assuming nb background.
~

.

With respect to generic assumptions in the Initial Review, input from the

Second Round Questionnaire can be summarized as follows.

.

.*

.. _ - _ _ _ _ _ _ . _ . . _ _ _ _ _ _ _ _ _ _ _
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; 1) There is no preferred guidance from the experts as to which intensity
'

attenuation relation should be used.-

_

2) The use of a standard deviation of GF= 0.6 to 0.713GF (.Second Round
I . expert preference) as compared to the use of CT= 0.9 1 20P would result

in a decrease of 10 to 15% in estimated ground motion at the level

recommended in the Initial Review (Volume 5).-
,

,

3) The use of a generic seismicity model which favored the use of background

(Second Round expert preference) with respect to a model which assumed no

background would result in an increase of about 10% or more in estimated

ground motion at the level recommended in the Initial Review.

4) The use of revised inputs for seismicity and zonation would result in an

[ estimated char.ge of 5% or less in estimated ground motion at the _ level

recommended for the various sites in the Initial Review.
.

|

|
Based upon the above discussion, we estimate that inclusion of input from

the Second Round Questionnaire would lead to calculated sita specific spectra -

which would be roughly similar to those recommended in the Initial Review

differing at most by several (less than 10) percentage points. This is not
.

to say however that an individual expert would not or could r.ot provide
.

input that would lead to calculated spectra that were different. Sitght

variations in the choice of attenuation model and ground motion dispersion

alone could have a major impact upon the results. What these results do

indicate however is the relative stability of integrated estimates synthesized

from different individual input assumptions.

>=

I

9
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Comparison with Other Studies
,

The Final Report Seismic Hazard Analysis: Results (TERA Corporation,1981)

includes a comparsion with several other seismic hazard studies. In general

it was found that when using input taken from other studies with the TERA

computer code, the same results were obtained and that the difference

between these results and those obtained using input from the expert panel

could be explained by differences in assumptions. One of the studies compared

was a probabilistic assessment of ground motion carried out to assess the

likelihood of liquefaction at Lacrosse '(Deres and Moore,1980). Taking into -

account the variations in input, the Dames and Moore (1980)/ study and that

I performed by TERA-LLNL are in close agreement.

An interesting comparison was also made utilizing a " pseudo-historical"
|

| analysis at Dresden and Yankee Rowe. In this analysis, no zonation is -

j -

assumed and the probability of exceeding a given level of ground motion is
|

determined entirely from the historical record. Lacking instrumental records

the ground motion itself is estimated from a given attenuation model. These -

,

estimattu are sensitive to the inclusion of rare events such as the 1811, 1812

New Madrid Series and have not been corrected for homogeneity or uppte magnitude

cutoff. They do however yield results that are generally within the range of

ground motion estimates calculated from the inputs of the individual experts

fo? these sites.

|
|

P'
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Adequacy of Spectra for Rock Sites

In the cover letter to the Initial Review it was indicated that a reduction

in spectra at intermediate and low frequencies may be called for at rock sites

(Dresden, Ginna, Haddam Neck and Millstone). The change (Table 5-2, Final

Report Seismic Hazard Analysis: Results TERA Corporation,1981) was

recommended by TERA Corporation based upon its restructuring (weighting) of

the strong motion data set used in ground motion estimation primarily to
'

avoid overemphasis upon the 1971 San Fernando Earthquake. While this

restructuring may be valid for estimating ground motion as a function of

magnitude and intensity or distance, LLNL has pointed out (Volume 4) that

it also results in a significant reduction in the number of rock records since

many such records resulted from the San Fernando Earthquake. We agree

therefore with LLNL's assessment that the original nonweighted model is more

appropriate for determining differences in ground motion between rock and

soil sites and no reduction is called for.

,

Conservatism of Recommended Spectra
.

Our estimate in the Initial Review was that although the recommended spectra

were labelled "1000 year" spectra the actual return periods associated with

these spectra were longer. TERA Corporation had estimated these actual return |'

periods to be closer to 5,000 or 10,000 years. While we were not sure what
|

the precise estimates were we concluded that they were consistent with the

previous implicit acceptance of design spectra that were assumed to have return

periods of the order of 1,000 or 10,000 years. As a result of this final review

we find no new information that changes our previous estimate.

p.

.
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Since other levels of ground motion-spectra could fit into this range of

probabilities it is worthwhile reexamining the criteria by which the

recommended spectra were found to be appropriate.

1. These spectra, whatever their true return periods actually are.. represent

approximately equivalent levels of seismic hazard at the different SEP sites

currently being considered and represent a more consistent estimate to be

used in seismic analysis than standard " deterministic" procedures. These

" deterministic" procedures generally rely upon tectonic provinces and

controlling earthquakes regardless of the size of the tectonic province,

or the frequency of earthquake occurrence. As arresult, these procedures

can lead to the acceptance of different levels of seismic hazard at

different locations.. The recommended spectra generally indicate a

relatively greater earthquake hazard associated with sites in the

northeast when compared to sites in the upper midwest.
.

2. When compared to the deterministic procedure recommended for use in the

SEP in flVREG/CR-0098 the recommended spectra as a group bracket the 50th
,

and 84th percentile deterministic spectra as calculated in the Initial

Review.

.

'

3. When compared to non- probabilistic site specific spectra derived from real

records, an approach currently being pursued with many OL reviews, the

; recommended spectra vary from the 84th percentile to the 50th percentile

representation of a magnitude 5.3 earthquake. The 50th percentile of the

|

I

l
..

I
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spectra from real records was specified in the Initial Review as the

minimum which recommended spectra would not be allotted to fail. The

84th percentile is that level which has been used in OL reviews.

4. The recommended spectra form a band centered about the Regulatory Guide

spectrum anchored at 0.1g. New plants licensed in these areas would most

likely utilize peak accelerations of 0.12 to 0.20 g to anchor the -

Regulatory Guide Spectrum.

Based upon the above discussion we consider this approximate overlap of the

higher of the recommended spectra with the mid to lower range of those spectra

estimated applying current deterministic criteria to indicate that the
,

|

|
recommended spectra can be generally associated with the higher end of the

range of implicitly assumed seismic hazard that has been found acceptable

using current criteria.

l
-

Lacking more defined levels of acceptable seismic hazard and a prescribed
~

method for calculating this hazard, the use of individual and often

non-q iantifiable judgement cannot be avoided in assessing the results of this

- study so as to integrate it with other techniques into a decision-making

framework.-

Based upon the above comparison it is our position that the recommended

spectra represent the appropriate levels of free field ground motion to be

used in the SEP for the purpose of evaluating the seismic design adequacy

of the selected plants.

o.
,

.
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Application of this study and its review recommendation to other sites or

other programs should be examined on a case by case basis.

Anomalous Site Conditions

As was indicated in the Initial Review these spectra only account for gross

site conditions (soil or rock). No attempt was made to consider soil

amplification beyond that already inherent in the soil records used in the

study. Lacrosse, Palisades, and Yankee Rowe have been identified as having

site conditions which may be anomalous with respect to those site conditions

associated with the soil records used in this study.

.
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'
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'

.' Syste=atic Evalu.ation Program Branch:
-

-

,
:

~
,. . ' .

.

1... ,
' |**,.

.
=

' ', . . ( j
FROM Howard Levin. Technical Assistant .

-
-* .

.
'

; - ,1Division of Engineering . .

, . , .

-
- - 1. . - . _ '

SUBJECT: DIGITIZED PSEUDO SPECTRAL ACCELERATION DATA FOR.
*

.

.
;'

-

....... PLANTS r., e r.SEP
- e

.
. - .

.

: -l.--
' - ,. ...g.. . .. .

. .. . . ...
- ...- .. : -

..i.. . , ..; : . . , . . . ......-;,..~..s,..-. . ..

..i
, . .. . . :. . . .. . .. . .

.

--
. . . . .. ,.

Attached. are digitized pseud) sp;e'etral acceleration values (5% damping) ' 'l
.. . . . . . ''.

... .

.. -i.: . .' w 3:; . p :.5 t. . ., ,? fp.y G 4pt -

. . . , . ;; t ...

for the p"reliminary site spe;ific ground r)esponsa spectra transmitted.:.'Jp f,..
.

.
.

. . 34~. ' .:" - ;. y ,' . y t. 5 't... '*?.. W = i i .~...a-
t
to you in a letter from R. Jackson, dated June 23, 1980, !!oted is a - j'?;-.-

,
-

. :. . e,--
.

..- :. .

scaling relationship which can be ushd to convert from the 5% dagped.'
~~ -

'

|
- = .

. '
.

: -

spectra to spectra in the range of 21 to 20%. .

- .

1 -

. .
-

.

1 -

'

.
Howard Levin, Technical Assistant'

'
-

- Division of Engineering ,

.

,

- J. . . .
. r. ,

cc: D. Eisenhht.
- - - ,

... .
. *

R. Vollaer. 1. . . 2.
- .

-
-

. ,... . . .

<. .. : . -]; .- .'
-

< - ,.f- -

J. Knight.,. - ,
,

R. Jackson ' . - . . . - . . . . . . . '
- -' .

.

L. Reiter . . . . . .

.--'

J. Greeves ~.. .. ...... . - --.

T. Cheng ./.
.- .- -

.
. ,

- - .
. . .

,
- .

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

.
-

. .

~,. _
- * . .: . . ...

?
' .
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t.
*
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c' ' '6 SYSTEMATIC EVALUATION PROGRAM
'5 SITE SPECIFIC SPECTRA.

*
24Y PSEUD 0 SPECTRAL ACCELERATIONS (cm/sec )

r~<.~
''

' Yankee Oyster- -Haddam Big'

Period Rowe Creek Ginna Neck Millstone Rock Pt. Lacrosse Palisades Dresden

04 208.00 172.61 178.85 215.91 196.23 122.29 122.29 122.29 134.40

.05 213.69 178.17 192.52 228.92 210.91 130.19 130.19 130.19 142.56

.08 247.74 206.77 230.16 279.47 253.44 152.05 152.05 152.05 164.92

.10 275.68 229.98 258.38 316.00 287.00 179.69 179.69 179.69 181.76

.20 434.80 363.77 388.92 475.17 433.65 213.50 213.50 214.77 270.h3

.30 455.49 376.59 375.82 456.79 415.45 201.96 201.96 224.41 267.48

.40 408.76 339.90 328.79 395.71 360.53 171.68 195.71 218.32 249.33

1.0 224.32 180.98 165.10 183.25 165.68 122.90 151.98 174.57 185.13

2.0 93.80 64.12 60.85 67.56 59.84 59.65 77.51 S1.85 33.98

, 168h65 202.48 184.16 102.50 102.50 102.50 124.15PGA 195.20 161.33

PGV* 22.48 18.41 16.92 '19.66 17.82 11.39 13.50 15.18 16.05

.

'

CONVERSION TO OTHER DAMPING VALUES (RANGE 2% - 20%)

PSAgg=PSAS% x'10

Period CT
_

.04 **

.05 **
.

.065 -0.290

.08 -0.600

.10 -0.904

.13 -1.270

.20 -1.700

.30 -1.990.

.40 -1.950

.75 -1.810
1.0 -1.960
2.0 -1.600

* Units =cm/sec '

** Statistically Insignificant Coefficient, Use 5% PSA Value
.

-
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. ,#,. q UNITED STATES

y y;W4(q )g NUCLEAR REGULATORY COMMISSION @ A

[ D"\ / E WASH tNGTON, D. C. 20555

5 o* June 17, 1981 3 ga.....

,/ 2 3 Jggg ,:--
~

LS05-81-05-068 7

LETTER TO ALL SEP OWNERS ' D8,

. (EXCEPT SAN ONOFRE)., g f,

4w Gentlemen: '-

[! SUBJECT: SITE SPECIFIC GROUND RESPONSE SPECTRA FOR SEP PLANTS

g.j LOCATED IN THE EASTERN UNITED STATES

[)i Reference: Letter to SEP Group II Plant (Big Rock Point, Dresden 1,
;. Haddam Neck, La Crosse, Yankee Rowe) Licensees from 1

W D.G. Eisenhut, NRC dated August 4, 1980
-,

Nib
@ Our letter dated August 4,1980 (reference) issued the prelimiary version of
Tj.jj site specific ground response spectra for the eastern United States SEP
b,9 plants . Recently, these spectra have been finalized by the staff. Enclosure
dG 1 includes the recommended ground response spectra (5% damping) for the' east-
d ern SEP sites. The bases of our final decision regarding the spectra and the

#y6:] digitized spectral acceleration values (5% damping) for these spectra are docu-
h mented in Enclosure 2.

d The site specific spectra (SSS) included in Enclosure 1 establish the ground
1;] motion acceleration values to be input into the structural reevaluation

_; analyses to determine the resultant seismic loads. The geology reviews for
'

Palisades, Ginna and Dresden 2 have been completed by the staff. The results
of the review did not identify any geologic features that would affect the,

L site specific spectra for those facilities. Based on our review to date for'

" the remainder of the SEP facilities located in the eastern United States, we

7$ do not expect the SSS to be changed due to local geologic considerations.
e. . a
iej Sincerely, -

,

r -
,

(jf
I, * *

L Dennis M. Crutchfield, hief,

| Operating Reactors Br.. ch No. 5
Division of Licensing

Enclosure:
As stated g ,ge

,

cc w/ enclosure: .D. 6 # 5 enN - I c7
'

See next page T. A, a g et s . icy
R. Taegsod - s eyG L,ter IC(

')g&
.

R.J{ereneanalifr

Slo 4 x a rv -set
y ,/ / 9 y. C k h t . sed-

'

I y a$g gg I$'. Il-If * 0A
{ .Sl - 16- 87 17)IS fp

,
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Mr. J. S. Abel DRESDEN 1
Docket No. 50-10

CC
Isham, Lincoln & Beale
Counselors at Law -

One First National Plaza, 42nd Floor
Chicago, Illinois 60603

Mr. B. B. Stephenson
Plant Superintendent

- ; Rural Route #1
Morris, Illinois 60450./

u3
-

"3 U. S. Nuclear Regulatory Comission
,

11 Resident Inspectors Office
%4 Dresden Station
M RR fl* -

fj Morris, Illinois 60450

i$ Mary Jo Murray
ty Assistant Attorney General - _ - _

Environmental Control Divisionc_ ;

igg 188 W. Randolph Street
4.a Suite 2315
7 Chicago, Illinois 60601 -

.

p
' '"Morris Public Library.:

604 Liberty Street
(~'.j Morris, Illinois 60451
, i

.

f. Chairman
j Board of Supervisors of' .

_gy Grun@ County .

Grundy County Courthouse! a

Morris, Illinois 60450.

.) Illinois Department of Nuclear Safety
|

' ' ' _ - 1035 Outer Part Drive, 5th Floor
Springfield, Illinois 62704

cq

|
U. S. Environmental Protection Agency

| Federal Activities Branch
Region V Office
ATTN: EIS COORDINATOR
230 South Dearborn Street

-
.

Chicago, Illinois 60604

:

.
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Mr. J. 5. Abel DRESDEN 2
Docket No. 50-237

CC
Isham, Lincoln & Beale Illinois Department of Nuclear Safety

1035 Outer Park Drive, 5th Floor
C'ounselors at Law
One First National Plaza, 42nd Floor Springfield, Illinois 62704
Chicago, Illinois. 60603 U. S. Environmental Protection Agency~

3 Mr. B. B. Stephenson Federal Activities Branch
,

.

;i Plant Superintendent Region V Office
ENj Dresden Nuclear Power Station ATTN: EIS COORDINATOR

' fith Rural Route il 230 South Dearborn Street

7 %;;'y Morris, Illinois 60450 Chicago, Illinois 60604

Dr. Forrest J. RemickM 304 East Hamilton Avende
|fi Natural Resources Defense Council

. d3 91715th Street, N. W. Chicago, Illinois S0604~

@$f[ Wa_shington, D. C. 20005
.A,

.@@ U. S. Nuclear Regulatory Comission- - . .

@ Resident Inspectors Office
s.4j Dresden Station

:=s::5M RR i1
Morris, Illinois 60450o

_A
, pj Mary Jo Murray

Assistant Att'orney General -

Environmental Control Division
.,

4

188 W. Randolph Street
*

Su'ite 2315'

,

.;| Chicago, Illinois 60601
n.~:45 Morris Public Library -

604 Liberty Street .
*

Morris, Illinois 60451
q

''i Chairmr.n
;i Board of Supervisors of

Grun@ County
Grundy County Courthouse
Morris, Illinois 60450

John F. Wolfe, Esquire
3409 Shecherd Street
Chevy Chase, Maryland 20015

Dr. Linda W. Little
500 Hermitage Drive
Raleigh, North Carolina 27612

.
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Mr. Jchn E. Maier R. E. GINNA
Docket No. 50-244

CC .

Harry H. Voigt. Esquire Mr. Themas B. Cochran
LeBoeuf, Lamb, Leiby and MacRae Natural Resources Defense Council, Inc.
1333 New Hampshire Avenue, N. W. 1725 I Street, N. W.
Suite 1100 Suite 600-

Washington, D. C. 20036 Washington, D. C. 20006

. Mr. Michael Slade U. S. Environmental Protection Agency
12 Trailwood Circle Region II Office

j, Rochester, New York 14618 ATTN: EIS COORDINATOR
26 Federal Plaza .

Ezra Bialik New York, New York 10007
Assistant Attorney General
Environmental Protection Bureau- Herbert Grossman, Esq. , Chaihnan
New York State Department of Law * Atomic Safety and Licensing Board

! 2 World Trade Center U. S. Nuclear Regulatory Comission
New York, New York 10047 Washington, D. C. 20555

Jeffrey Cohen Dr. Richard F. Cole ~
New York State Energy Office Atomic Safecy and Licensing Board
Swan Street Building U. S. Nuclear Regulatory Comission
Core 1, Second Floor Washington, D. C. 20555

Emire State Plaza .

Albany, New York 12223 Dr. Emmeth A. Luebke
Atomic Safety and Licensing Board''

|; Director, Technical Development U. S. Nuclear Regulatory Comission
i Programs Washington, D. C. 20555

|
State of New York Energy Office

| Agency Building 2
; Eg ire State Plaza
| Albany, New York 12223 -
|} -

l' Rochester Public Library
115 South Avenue|

' Rochester, New York 14604

Supervisor of the Town,

of Ontario
107. Ridge Road West

.

Ontario, New York 14519

Resident Inspector
R. E. Ginna Plant

i: c/o U. S. NRC
1503 Lake Road
Ontario, New York 14519

l ,'

4
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Mr. David P. Hoffman BIG ROCK POINT 50-155
PALISADES 50-255

f
'

CC ,y .

M. I. Miller, Esquire Charles Bechhoefer, lisq., Chairman
Isham, Lincoln & Beale ' Atomic Safety and Licensing Board
Suite 4200 Panel
One First National Plaza U. S. Nuclear Regulatory Comission.

Chicago, Illinois 60670 Washington, D. C. 20555

Mr. Paul A. Perry, Secretary Dr. George C. Anderson
Consumers Power Company Department of Oceanography

q* ; 212 West Michigan Avenue University of Washington
Jackson, Michigan 49201 Seattle, Washington 98195

Judd L. Bacon, Esquire Dr. M. Stanley Livingston"

h Consumers Power Company 1005 Calle largo
< 212 West Michigan Avenue Santa Fe, New Mexico 87501 '

'

Jackson, Michigan 49201 .-

d Alan S. Rosenthal, Esq. Chairman
H Myron M. Cherry, Esquire Atomic Safety and Licensing Appeal Board
2 Suite 4501 U. S. Nuclear Regulatory Comission

One IBM Plaza Washington, D. C. 20555
- Chicago, Illinois 60611

Mr. John O'Neill, II7
Kalamazoo Public Library Route 2, Box 44"

315 South Rose Street Maple City, Michigan 49664
Kalamazoo, Michigan 49006

Herbert Grossman, Esq., Chairman
Joseph Gallo, Esquire Atomic Safety and Licensing Board
Isham, Lincoln & Beale U. S. Nuclear Regulatory Comission
1120 Connecticut Avenue Washington, D. C. 20555

q Room 325
j Washington, D. C. 20036 Dr. Oscar H. Paris,

Atomic Safety and Licensing Board-

;i
I.j Peter W. Steketee, Esquire U. S. Nuclear Regulatory Comission ,

; 505_ Peoples Building Washington, D. C. 20555
4 Grand Rapids, Michigan 49503

Charlevoix Public Library Mr. Frederick J. Shon
107 Clinton Street Atomic Safety and Licensing Board'

Charlevoix, Michigan .49720 U. S. Nuclear Regulatory Comission
Washington, D. C. 20555

' Ms. Mary P. Sinclair
Great Lakes Energy Alliance Big Rock Point Nuclear Power Plant

'

5711 Summerset Drive ATTN: Mr. C. J. Hartman
Hidland, Michigan 48640 Plant Superintendent

Charlevoix, Michigan 49720
Resident Inspector
Big Rock Point Plant Mr. Jim E. Mills !

| c/o U.S. NRC Route 2, Box 108C .-
'

RR #3, Box 600 Charlevoix, Michigan 49720
Charlevoix, Michigan 49720

,

|
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-2- BIG ROCK POIllT 50-155Mr. David P. Hoffman
PALISADES 50-255

cc Ms. JoAnn Bier' ~
- Chairman 204 Clinton StreetCounty Board of Supervisors Charlevoix, Michigan 49720Charlevoix County

Charlevoix, Michigan 49720
Thomas S. Moore
Atomic Safety and Licensing Appeal BoardOffice of the Governor (2) U. S. Nuclear Regulatory CommissionRoom 1 - Capitol Building

- Washington, D. C. 20555Lansing, Michigan ' 48913

Herbert Semsl Dr. John H. Buck . .
,

Atomic Safety and Licensing Appeal BoardCouncil for Christa Maria, et al. U. S. Nuclear Regulatory Commission
Urban Law Institute _

,

i

: Antioch School of Law ~ Washington, D. C. 20555
-

263316th Street, N. W.
. . .

Washington, O. C. 20009
1
1

U. S. Environmental Protection'

Agenqr
Federal Activities Branch

i Region V Office
ATTN: EIS COORDINATOR
230 South Oearborn Street -

ej Chicago, Illinois 60604
'', Resident Inspector
c/o U. S. NRC.

P. O. Box 87
~ South Haven, Michigan 49090

1,
Palisades Plant

-

L ATTN: Mr. Robert Montross -

Plant Manager
Covert, Michigan 49043 ,

_

Township Supervisor
|c Covert Tcwnship;

! ;' Route 1, Box 10
l Van Buren County, Michigan 49043

,

Christa-Maria
Route 2, Box 108C
Charlevoix, Michigan 49720

William J. Scanlon, Esquire
2034 Pauline Boulevard
Ann Arbor, Michigan 48103 .

,6

1
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Mr. W. G. Counsil HA00Aff NECK 50~-213
f1ILLSTONE 1 50-245

CC
William H. Cuddy, Esquire Connecticut Energy Agency
Day, Berry & Mcward ATTN: Assistant Director
Counselors at Law Research and Policy

4

One Constitution Plaza Development
..

Hartford, Connecticut 06103 Department of Planning and"

i Energy Policy
:: Board of Selectmen 20 Grand Street

lj Town Hall Hartford, Connecticut 06106
Haddam, Connecticut 06103p.

% Resident Inspector
Northeast Nuclear Energy Company Haddam Neck Nuclear Pcwer Station

..

i ATTN: Superintendent c/o U. S. NRC
% Millstone Plant East Haddam Post Office
f P. O. Box 128 East Haddam Connecticut 06423
# Waterford, Connecticut 06385
M U. S. Environmental Protection
3 Mr. Ja'mes R. Hininelwright Agency

y Northeast Utilities Service Conpany Region I Office . _ _

1 P. O. Box 270 ATTN: EIS COORDINATOR

t Hartford, Connecticut 06101 JFK Federal Building
i Boston, Massachusetts 02203
F, Resident Inspector
~'

c/o U. S. NRC Superintendent
j

P. O.,ic, Connecticut
Box Drawer KK Haddam Neck Plant. .

diant 06357 RF0 il -
,

,

E Post Office Box 127E'

.

Waterford Public Library East Hampton, Connecticut 06424*

,

;, Rope Ferry Road, Route 156
L.' Waterford, Connecticut 06385
,

First Selectman of the Tdwn
"

of Waterford
Hall of Records -

200 Boston Post Road;

|
Waterford, Connecticut 06385

John F. Opeka.,

Systems Superintendent'
,

!: Northeast Utilities Service Company
| P. O. Box 270
i

Hartford, Connecticut 06101

Natural Resources Defense Council
j 91715th Street, N. W.

Washington, D. C. 20005
;

.
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Mr. Frank Linder LA CROSSE (BWR)
'

Docket No. 50-409

.

cc
'Fritz Schubert, Esquire U. S. Environmental Protection

Staff Attorney Agency
-

Dairyland Power Cooperative Federal Activitics Branch
2615 East Avenue South Region V Office
La Crosse, Wisconsin 54601 ATTN: EIS C0ORDINATOR

' 230 South Dearborn Street
_- 0. S. Helstand, Jr. , Esquire Chicago, Illinois 60604

=% Morgan, Lewis & Bockius
; 1800 M Street, N. W. Mr. John H. Buck

" #Cj Washington, D. C. 20036 Atomic Safety and Licensing Appeal Board
'

,j U. S. Nuclear Regulatory Commission
.,,,; Mr. R. E. Shimshak Hashington, D. C. 20555
7pm La Crosse Boiling Water Reactor

10.X 3 Dairyland Power Cooperative Dr.Laurence R. Quarles
P. O. Box 135 Kendal at Longwood, Apt. 51

;&fi'])21:1c5 Genoa, Wisconsin 54632 Kenneth Square, Pennsylvania 19348
. 3 Li

12r auj Ms. Anne K. Morse
~' Charles Bechhoefer, Esq., Chairmane

Coulee Region Energy Coalition Atomic Safety and Licensing Board
;-/;7 f,;i P. O. Box 1583 U. S. Nuclear Regulatory Commission

..

Eac.JW)j La Crosse, Wisconsin 54601 Washington, D. C. 20555
7

-4 La Crosse Public Library Dr. George C. Anderson
-_. 800 Main Street Department of Oceanography

La Crosse, Wisconsin 54601 University of Washington
,9 Seattle, Washington 98195
; U. S. Nuclear Regulatory Commission

, . # ,;;! Resident Inspectors Office Mr. Ralph S. Decker
Ji Rural Route #1, Box 225 Route 4, Box 190D

Rid 2 a Genoa, Wisconsin 54632. Cambridge, Maryland 21613

l ~ .b
.

~

j Town Chairman Thomas S. Moore
~ s71 Town of Genos Atomic Safety and Licensing Appeal Board

ic %( ii Route 1 U. S. Nuclear Regulatory Commission
|"~#*N Genoa, Wisconsin 54632 Washington, D. C. 20555

: .i

U Chairman, Public Service Commission
'

'

'

of Wisconsin '

Hill Farms State Office Building~

. .

Madison, Wisconsin 53702
e

i Alan S. Rosenthal Esq., Chairnan'

'

Atomic Safety and Licensing Appeal Board
' O. S. Nuclear Regulatory Commission

Washington, D. C. 20555
,

i
' Mr. Frederick Milton Olsen, III

:
' -

609 North lith Street -

- Lacrosse, Wisconsin. .

, . .. _. .. .. .. ,

e
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HADDAM NECXMr. W. G. Ccunsil Docket No. 5@
.

Cc
Day, Serry & Mcward ~

.
Counselors at t.aw .

q One Constitution Plaza-'

..
Hartford, Connecticut 061.03

_~ :q

.

Superintendent- ...;
-

M Haddam Neck Plant '
< ~r?|Q Afj RFD #1 '

g: 2,_'---qq Post Office Box 127E
EEEffM East Harmton, Connecticut 06424'

q""Q::qx.fy
"? : 9 Mr. James R. Hinraelwright

.

@$M$ f Northeast Utilities Service Conpany
, A : . C@+ d74 P. O. Box 270 '

JS Hartford, Connecticut 06101
.',' W ;"j$ $|t

' Russell 1.ibrary
_MTEa

a. i ..- - d
#2 A ,3 119 Broad Street ~- ~

. . . , 0] Middletown, Connecticut 06457'

.c.. 9..
-

J.74W2J$ Board of Selectmen -

'

4 Tcwn Hall '

Ju . . i Haddam, Connecticut 06103
-' - f ;,3 . ';.

| Connecticut Energy Agency~"

u~ m ATTN: Ass'istant Ofrector
Research and Policy-

Development~ ;. 3
'J

~

>1 Department of Planning and
Energy Policy

s-sc M Q J M: 20 Grand Street -*
' .i Hartford, Connecticut 06106 -

;

. - ,
.

o

U. S. Environmental Protection Agency;~.c .s ,

' .4 Region I Office
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MbORANDUMFOR: William' Russell, Chief
Systematic Evaluation Program Brancha

,- Division of Licensing

James P. Knight, Assistant DirectorN
. THRU: -

for Ccmponents and Structures Engineering*- $
, Division of Engineering>;c; . . - l j

! Mud
d'i O. FROM: Robert E. Jackson, Chief
d?'W Geosciences Branch.
I?h d Division of Engineering
5;.; in
fdW SUBJECT: FINAL REVIEW AMD.RECOINENDATIONS FOR SITE SPECIFIC

,

y%;F2(j SPECTRA AT SEP SITES
*

'

JMM
24, 1981, we received the mos1; important outstanding items related*4 ,

fit % On April
to the Site Specific Spectra Study, Drafts of Volumes 4 and 5 of Seismic.nssii Hazard Analysis (Lawrence Livermore Laboratories). 51sese find enclosed our
final review of this study with respect to the SEP. This review and oura

- ;'
recernendations were prepared by Dr. Leon Reiter of the Geosciences' Branch

-

J ;;c !
.

and are attached to this memorandum. A sum.ary of these recomnendations is:
,

-.

We reaffir:n the spectra recommended in the " Initial Review and1.
Recommendations for Site Specific Spectra at SEP Sites" (Memorandum
frcm R. Jackson to D. Crutchfield, June 23, 1980). --, ,.

- >

a:M
~'

H 2. We find no need to reduce the spectra at rock sites. This possibility-

was raised in the June 23, 1980 Memorandum.
H _ ' :,; .-w:

| . 6c/.i 3. We have not taken into account possible ancmalous site conditions at
Palisades, Lacrosse or Yankee Rowe.* ' " ' " *

:. ;.4
Application of this study and its review reco=endations to other sites'

'

4.
or other programs should be examined on a case by case basis.'

We consider the recom. ended spectra and the evaluation of their censervatism
as described in the section entitled " Conservatism of Recommended Spectra"
in the attached review to be consistent with the ceneral SEP approach. The
assessment of these spectra with resp (ct to safety and desicn adecuacy should,

be censidered within the context of structural and mechanical performance of
plant structures, piping and equipment.

.. .

.

w.- ,me.
-

w
.-.

4*
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William Russell
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. .

Based upon our ongoing review of site geology to satisfy SEP Topics II-4;Proximity of Cap,able Structures to theGeol.ogy and Seismology, and II-4B:
Site, we do not anticipate that our final review of these topics will have

.

,

any impact upon the recom, ended spectra. .
,

h- -

,

Re ert E. Jack cn, Chief. ,,

d Geosciences rinch-

h .i
Division of ~ gineering .

..:,
..

i:n
,-,%;;j Enclosure:
{' 4_/,. a As stated .
;. y
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FINAL REVIEW AND RECOMMENDATIONS FOR SITE SPECIFIC SPECTRA AT SEP SITES

Purpose and Scoce .

This review presents final recommendations for Site Specific Spectra to be4-
p-

..;

i used in the reevaluation of SEP plants. It supplements "Ini.ial Review and
^

, ;~ UQ
- hD Recommendations for Site Specific Spectra at SEP Sites" (Memorandum from

- -

thIfed! R. Jackson to D. Crutchfield, June 23, 1980, and referred to below as Initial

* |::2'Mi]
iMasXisj Review) and is based upon those items reviewed for the Initial Review plus

"4;4sMik9 ,

. ;f.y/{.!.f(f the following documents.

we,w .. .

'g;yj', (1) Seismic Hezard Analysis: Voiume 4, HUREG/CR-1582, Application of--?jp;s
.

, ,. , 3 Methodology, Results and Sensitivity Studies (Draft) D. L. Bernreuter,

d@D; LLNL April 1981 NUREG/CR-1582. (Referred to below as Volume 4).a wwm

.p;

$3;JM" (2) Seismic Hazard Analysis: Volume 5, NUREG/CR-1E82, Peer Review Eastern

Ground Motion Panel and Formal Feedback (Draf t) D. L. Bernre' uter LLNL,
'"" ''

April 1981 (Referred to below as Volume 5). , , ,
s.

'
-

..

.am

, ,
.

(3) Final Report Seismic Hazard Analysis: Results, TERA Corporation,,

-

! d
Februa'ry 1981

..

''

.

'N Ild':d -
;

(4) Introduction t6 Ground Motion Panel, TERA Corporation, Feoruary 1980..
, . . .

<~ , ?'

(5) Second Round Questionnaire, TERA Corporation, September 1980.
.

.

(6) Seismic Hazard Analysis: Solicitation of Expert Opinion Second Round
- ,t

Questionnaire, TERA Corp., January 1981.*
~

.
.. .

#
v t

.

P- .

\
-

..
-

' * -,
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All of the above documents and many of those listed in the initial review . .

will appear in their final form as text or appendices in volumes 4 anc 5 of

NUREG/CR-1582 Seismic Hazard Analysis. 'Two segmen'ts of this study, Volume 2,

"A Methodology for the Eastern U.S.," and " Volume 3, " Solicitation of Expert

Opinion," have already been published. Volume 1 of this series, which
.

represents an executive summary of the study, has not yet been submitted.
. s. ,

Items originally listed in the Initial Review which have not been received
,~ ;[

[(N[] are:
w,

.

c: ~.?:3

ENftNil (1) Review of the Draft Seismic Hazard Analysis by the USGS,2
, .9' E .:

.

-

3:::'m Additional Review and Comments by Drs. Newmark and Hall.~

(2) ,

. :

ewdhaw.c ya .

1 i Licensee submittals for individual SEP sites are being handled by t'he SEP
'

-.

.

Branch separately on a case by case basis.8 ~w .

-

. '. . v . t "*

- Recommendations'

, J,b * gh;
' In the Initial Review the following r' commendation was made.e

. -

i "It is recommended that the following spectra presented in thet

. . 6. - w Sensitivity Results (May 1980) be used as site specific free fieldY"* * ''" i

( C' spectra.' ,

,

! Eastern U.S. (Yankee Rowe, Connecticut Yankee, Millstone, Ginna,
f

' Oyster Creek) "1000 year" spectra assuming no background and'

.

. Ossippee Attenuation.

Central U.S. (Dresden, Palisades, Lacrosse, Big Rock Point) "1000 yr.""

spectra assuming no background and Gupta-Nuttli Attenuation.
' q.

| :. -
..

|'
1

~

__

o- :
.

O

e

. . _ s.__.



,

i;. ,.
- -

. .

~, -3 ,.s ,.

,

..

' These spectra account for gross site conditions (soil or rock) and
do not take into account any specific conditions which may result
in amplification (Lacrosse, Yankee Rowe, Palisades).

' It is also recommended that a minimum be established for which no
spectra be allowed'to go below. It is suggested that this minimum
be the median (50th percentile) representatien of real spectra for.

,

l a magnitude 5.3 earthouake. This minimum exceeds the "1000" yr
,

spectra for Big Rock Point, Lacrosse and Palisades at. frequencies2

' , ,c, greater than 2 to 3 Hz.",

::>,
.

*a

..,...Q

Id Based upon review of the documents and information received since preparation
7 .w . if

7:GG,vg of the Initial Review, we conclude that the recommended spectra as described

,;.{%. , q.1jj above in the Initial Review are appropriate for use in the Systematic j
' : -J.

-: . y .

The rationale for this conclusion is discussed below.'M Evaluation Program.
2~-My ,

?j
-

2-% =)) Digitized ; response spectral values (5% damping) for each s'ite and a scaling
m.:2 ,

f
''

| relationship which can be used to derive spectra at other damping values are
:_ . , 4

attached to this review (Enclosure 1).

.

, [.{,
. . .

Basis for previous Recommendation' '

_

| As described in the Initial Review the above recommended spectra depend.upon'

.

y
"

. .d several imp'ortant assumptions by the staff. They are:
, z. y -

( (1) The appropriate ground motion model to be used in the Central-U.S. was' .-
.

that based upon a modification of the Gupta and Nuttli (1976J. relation.

(2) The appropriate ground motion model to be used in the northeastern U.S.-

was that calculated from the 1940 Ossippee earthquake. The particular
.

version of the Ossippee model to be used is that which was originally

.s ,

presented since it is more analagous to that used by Gupta and duttli
~

(1975) for the central U.S. and falls closest to theeretical models of
'

ground motion.''

*

.

O
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3) The appropriate zonation assumptions should be intermediate between those

labeled " Background" and "No Background". .

4) The appropriate dispersion assumed for ground motion estimation should be

Cr = 0.7 (natural logarithms) truncated at + '' %

5) The recocr. ended spectra can be associated with return periods'of the order
.

3
..

- 2 of 1,000 to 10,000 years. .

.. m *

;n ~

Ui)
The additional review herein concentrates upon the appropriateness of thes;

:Qj
preceeding assumptions in light'of the new material received.. ~q t

'

: y,(
,.

.
?

$t:
'

;" Feedback and Second Round Ouestionnaire

The,most important item received since the previous review centers about ,
qs

convening the experts for a round table discussion and the submittal by them,'t

' i
~

'

j of answers to a second-round questionnaire. At the meeting of the experts'
.,M

the results of the first questionnaire, calculated res"ults, and sensitivity
.;.

,

l parameters were presented and discussed. This meeting was followed by
,

~

)- .

submittal of a second round questionnaire which gave each expert thej'
:

. y

opportunity to modify his input to the study regarding the seismicity models
,

- '] '

used in the LLNL/ TERA analysh. In addition each expert was asked to

explicitly address those issues which were not adequately discussed previously
.

| -

It isand were shewn to have an important effect upon the calculated spectra. .

.

important to point out that in the interim (between responding to the first
.2 earthquake in Kentucky.and second questionnaires) there occurred an m ig

=
b

-

-

;o.

.

._
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This was the largest event to occur in the U.S. east of the Recky Mts. since
.

the.scuthern Illinois earthquake of 1968 and it provided an opportunity to
,

test the effect of new Information upon the experts' input and the calculated

spectra.
.

.

2

CP.ance in seismicity Models_.4 While
Most of the experts suggested some changes in their seismicity models.t4

hy .

many of these changes were minor, some had possible major impact upon theav
}yj

$0() c.alculated results. One expert provided a significantly different seismic,

zonation than he previously had provided, several changed their upper magnitude~

>

.3L
Qualitative assessmentscut-off and two experts suggested modified b values.

.,.g '

of the impact of these changes on calculated results were originally made
,

. (Volume 5) indicating net changes in resulting ground motion for individual
~

'1
:(j

experts ranging from a 5% decrease to a 30% increase in the central U.S. and,

:

It was als,o felt
f' rem a 15% decrease' to a 15% increase in the eastern U.S.u!
that the effects of these individual changes in the input would lead toi

changes in the synthesis that would certainly be less than 15% in the central
.

.

U.S. and less than 10% in the eastern U.S. ' LLNL recaleJ1ated results (Vclume 5)
4: ,

.'

(The generic parameters were the same as those
,; ,

i
for four of the experts. , ,

reccomended in the' Initial Review). The experts selected were these for whom

most of the larger changes were indicated. Many of the changes were not as

large as originally anticipated particularly for the expert who had large

As a result cf the recalculations it was estimated (LLNL)changes in zonation.
Based upon cur

that the change in any synthesis would be less than 10%. .

O

9

%*,

No

e

e
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examination of the individual results we believe that this can be even further
~

res'ricted to less than about 5%. This net change in synthesis ground motion
,

,

would be least (a very slight increase or decrease) in the eastern U.S. and

reach an increase of perhaps several percent in the central U.S. It is

_'.'?;U important to note that probabilistic estimates remain quite stable in
.

317 6 particular those based upon a syntheses of opinion even though some of the
:iptnj
"'' : t3 input parameters may vary significantly. This is due primarily to the
??.3d i. .

Q:27P'! balancing effects which result from the changes in different input parameters
j??@ .

. .

S,p'pjgh{ for the same expert and the balancing effects which result fran changes in
.

:.:< u
~fd$y input parameters from different experts.

.

q
;y *

. . ~ . . . .

, ' ??Q
~~

Feedback on Generic Assumotionsc.

o::&' ) -
JJabijj The experts were asked to provide their input on generic assumptions previously

assumed in the study which were applied to all the inputs uniformly. With"?! 1
. ~,

^ respect to the assumption of " background" vs. "no background" most of the
,,,; ~- e_,

:s

. .'.s;. :*". W.i
axperts (6) supported the original assumption of background (and zone'

,

]

supposition) while the others were either unsure, rejected this concept or->. -

f 0. j,j .

. :c,.v. - |
'

.J> p g .j
offered no opinion on the subject.

. . . .
|

. : * ti .
'

.
,

With regard to the choice of the ground motion model the opinion was
|

-
t

civersified. Different nodels including some which were not previously'

considered were recommended. There seemed to be a preference for intensity.

attenuation based upon several earthquakes and the use of different models for'

.

.

'
- .

? k'. ' ' , .
*

p- - ,

e
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the central and northeastern regions. Some recommended the use of theoretical

With respect to the uncertainty assumed in the ground motion modelmodels. .

thi experts reconr. ended,the use of standard deviations (C-) which ranged

from O'= 0.5 to 7= 0.9 with some preference for the 0.6 to 0.7 range.

'

.

9 Effect of Second Round Ouestionnaire Uoon Conclusions of the Initial Review
t

_ q
As indicated above the preferred model for calculating risk suggested in theL' y
Initial Review assumed Gupta-Nuttli intensity attenuation in the central U.S.,

M_,
y] Ossippee Intensity attenuation in the eastern U.S., a dispersion of F= 0.7

'i 3 c and an intemediate position between " background" and "no background".
-

, ,,-s y:q
~fM

md Zone superposition was assumed to be. coincident with the assumption ofne
*

i.~ G1 Since calculations were not carried specifically for this model
' thJ background. .-

-

Mi ' of dispersion and background, existing models were examined and we concluded
:1

that the calculations based upon CT= 0.9 i 20 and no background would approxi. ate
-

;an
'.} -

,

the desired results. The higher level of ground motion (t7 to +105) in the
-

calculated rest R which was caused by assuming greater dispersion was, ;q
1

:,4 balanced by the lower level of ground motion (-Z to -105) in the calculated
.V

result which was caused by assuming nb background.
-

.:n
i

..,

- :e4
-

. .

.
. .

3 .

With respect to generic assumptions in the Initial Review, input frcm the
.

Second Round Questionnaire can be summarized as follows.

'
.

.

.; .

e

%

-

.- :
-

.-
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'

There is no preferred guidanc,e from the experts as to which intensity.,

1) .

attenuation relation should be used.
.

-

|
-

.

2) The use of a standard deviation of
G* = 0.6 to 0.7 + 3GF (. econd Round

'
-

S

expert preference) as ccmpared to the use of CI= 0.9 + 20' would result

~ in a decrease of 10 to 15% in estimated ground motion at the level
>

recommended in the Initial Review (Volume 5).
.

e
- . .

- 14 '
)

The use of a generic seismicity model which favored the use of backgrounda.: c
~p{ 3)

(Second Round expert preference) with respect to a model which Assumed no. . , _ .

m ,,.;. . . -.s

- background would result in an increase of about 10% or more in. estimated
, wy.

ground motion at the level recommended in the Initial Review. __

A" sh
.-

The use of revised inputs for seismicity and zonation would result in an
4)

. q.

estimated change of 5% or less in estimated ground motion at the level
,

'~J

recommended for the various sites in the Initial Review.
- -

.

'i" Based upon the above discussion, we e' stimate that in lusion of input from

the Second Round Questionnaire would lead to calculated site specific sp_actra
1 .

-

which would be roughly similar to those recommended in the Initial Review' '

This is not|

' [ differing at most by several (less than 10) percentage points.I~ .

. .

to say hoWever that an individual expert would not or could r.ot provide
Sitght

input that would lead to calculated spectra that were different.- .

variations in the choice of attenuation model and ground motion dispersion .
What these results do

'
~ alone could have a major impact upon the results.

indicate hcwever is the relative stability of integrated estimates synthesized
:

i ,

from different individual input assumptiens.'

6

~

,

e
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Comcarison with Other Studies

The-Final Report Seismic Hazard Analysis: Results, (TERA Corporation,1981)

includes a comparsion with several other seismic hazard studies. In general

it was found that when ,using input taken from other studies with the TERA

computer code, the same results were obtained and that the differenceM
,

betweta these results and those obtained using input from the expert panel
-

One of the studies compared
i could be explained by differences in assumptions.g j.

g 1j.j
was a probabilistic assessment of ground motion carried out to assess the: , ..

_ ' ;) likelihood of liquefaction at Lacrosse (Dames and Moore,1980). Taking intog:;9

:-N q account the variations in input, the Dames and Moore (1980) study and that~ '~ ;
. . .

$Ef] perfonted by TERA-LLNL are in close agreement.
1 .

.:

An interesting comparison was also made utilizing a " pseudo-historical"
e

..y
q .

In this analysis, no zonation is
,

:
.nalysis at Dresden and Yankee Rowe.a

*

assumed and the probability of exceeding a given level..of ground motion is
;

] determined entirely from the historical record. Lacking instrumental records-.. ~A

'

,

the ground motion itself is estimated from a given attenuation model. Thesev,

1811, 1812
estimates are sensitive to the inclusion of rare events such as the

.:;

''l .

New Madrid Series and have not been corrected for homogeneity or upper magnitudel i

They do however yield results that are generally within the range ofcutoff.
ground notion estimates calculated from the inputs of the individual experts

.

for these sites.
-

.

2
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Adecuaev of Soectra for Rock Sites , , '*

In the cover letter to the Initial Review it was indicated that a reduction
- -.

j in spectra at intermediate and low frequencies may be called for at rock sites.

,

.

(Dresden, Ginna, Haddam Neck and Millstone). The change (Table 5-2, Final .

Report Seismic Hazard Analysis: Results. TERA Corporetton,1981) was

recommended by TERA Corporation based upon its restructuring (weighting) of

i the strong motion data set used in ground motion estimation primarily to -

' N3 avoid overemphasis upon the 1971 San Fernando Earthquake. Whi,le this
' ,'

j restructuring may be, valid for estimating ground motion as a function of
'

,q .

magnitude and intensity or distance LLNL has pointed out (Volume 4) t' hat1 -

; rt.j it also results in a significant reduction in the number of rock records'since; a ,

'

,. ; 4

: ,5G' many such records resulted from the San Fernando Earthquake. We' agree
' ^ ' :
L l therefore with LLHL's assessment that the original nonweighted model is more.

e,

',|
' ' appropriate for determining differences in ground motion between rock _ and -

.,

-

soil sites and no reduction is, called for. - -

;

..
,

-e
'

~

| Conservatism of Recommended Seectra
'

.
l

.}
- ,

.

Our estimate in the Initial Review was that although the recommended spectra
4

| ._1
| ' , ' were labelled "1000 year" spectra the actual return periods associated with

-o,,

! these spectra were longer.' TERA Corporation had estimated these actual return# '

i
~ periods to be closer to 5,000 or 10,000 years. h'hile we were not sure what

.

the precise estimates were we concluded that they were consistent with the
.

previous implicit acceptance of design spectra that were assumed to have retura ,

:,

periods of the order of 1,000 or 10,000 years. As a result of this final review

| we find no new infomation that changes our previous estimate.
7

,
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' Since other levels of ground motion-spectra could fit into this range of '

probabilities it is worthwhile reexamining the criteria by which the

recommended spectra were found to be appropriate.

1. These spectra, whatever their true return periods actually are, represent

approximately equivalent levels of seismic hazard at the different SEP sites
,

' currently being considered and represent a more consistent estimate to be

j used in seismic analysis than standard " deterministic" procedures. These

" deterministic" procedures generally rely upon tectonic provinces and
')

"-l . controlling earth * quakes regardless of the size of the tectonic provine'e

'} or the frequency of earthquake occurrence. As a: result, these procedures
t1

1 can lead to the acceptance of different levels of seisnic hazard at
d
]... different locations.. T'he reccmended spectra generally indicate a
q .

relatively greater earthquake hazard associated with sites in the-- p
,

a

northeast when compared to sites in the upper midwest. .

*
.

2. When compared to the deterministic procedure recesiindec' for use in the
:

SEP in flVREG/CR-0098 the recor:nended spectra as a group bracket the 50th ,,

and 84th percentile deterministic spectra as calculated in the Initial

| j Review.
'

>
. .

, ,

3. When compared to ncn- probabilistic site specific spectra derived from real
'

records, an apprcach currently being pursued with many 01. reviews, the

recomended spectra vary from the Sath percentile to the 50th percentile'

representation of a magnitude 5.3 earthquake. The 50th percentile of the

-
- .

9

'

c.
-

!
-

.

'
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spectra from real records was specified in the Initial Review as the
fhe -

. minimum which recercended spectra would not be allowed to fail.
.

-

.

84th percentile is that level which has been used in OL reviews.

The recommended spectra form a band centered about the Regulatory Guide4.

spectrum anchored at 0.1. New plants licensed in these areas would most9

likely utilize peak accelerations of 0.12 to 0.20 g to anchor the .

Regulatory Guide Spectrum.
,

..q

Based upon the above discussion we consider this approximate overlap of the .

- -

.

higher of the recernended spectra with the mid to 1ower range of those spectra,

. ,

l estimated applying current deterministic criteria to indicate that the
!

.

I- reco. mended spectra can be generally associated with the higher end of'the

i

| , range of implicitly assumed seismic ha:ard that has been fcund acceptable

using current criteria.
. . .

'

Lacking more defined levels of acceptable seismic hazard 'and a prescribedi
;

method for calculating this hazard, the use of individual and often
, .,

non-quantifiable judgement cannot be avoided in assessing the results of this
.;

study so as to integrate it with other techniques into a decisien-making'

'

framework.
.

Based upon the above comparison it is our position t. hat the reccmended

spectra represent the appropriate levels of free field ground motion to be

used in the SEp for the purpose of evaluating the seismic design adequacy
~

of the selected pluts.

..

ee
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' Application of this study and its review recc=endation to other sites or

other programs should be examined on a case by case basis.
,

.

-

Ancmalous Site Conditions

As was indicated in the Initial Review these spectra only account for gross

site cor.ditions (soil or rock). No attempt was made to consider soil

amplification beyond that already inherent in the soil records used in the

study. Lacrosse, Palisades, and Yankee Rowe have been identified as.having

site conditions which may be anomalous with respect to those site conditions
..::..

associated with the soil records used in this study.;

.
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SYSTEMATIC f"ALUATIO.'s PROGRAM-

SITE SPECIFIC SPECTRA
2PSEUC0 SPECTF.AL ACCELEF.AT10:;S (cm/sec )

Yankee Oyster. Haddam Big

ied Ret:e Creek Ginna flock Millstene Rock Pt. Lacrosse Palisades Dresde

203.00 172.61 178*.85 215.91 195.23 122.29 122.29 122.29 l'34.4
. . .

g 213.69 178.17 192.52 228.92 210.91 l'30.19 130.19 130.19. 142.5

8 247.74 205.77 230.16 279.47 253.44 152.05 152.05 152.05 164.9
;

3 275.63 229.98 258.38 316.00 287.00 179.69 179.69 179.69 181.7

3 434.80 363.77 388.92 475.17 433.65 213.50 213.50 214.77 270.h

] 455.49 375.59 375.82 456.79 415.45 201.96 201.96 224.41 257.4

3 403.76 339.90 328,79 395.71 350.53 171.68 195.71 218.32 249.3

224 32 180.98 165.10 183.25 155.68 122.9'O 151.98 174.57 18'5.1
' ' ' '

,

-

.
.. . . .. - . . . . .

A 195.20 161.33 168.65* 202.48 184.16 102.50 102.50 102.50 124.1
~ . . ....

1
-

. .. ...

L'o 22.43 18.41 16.92 19.65 17.02 11.39 13.50 15.18 16.0
.

*

-

~

C0 :"r.RSION TO OTF.ER DAMPI! G VALUES (RA!!GE 2% - 20%)_

'C x(new damping (x) .05)' -

I iPSA , = PSA-, x 10
xn :n

.

ficd CT . . .

-
.

**
44 ,

5 ** -.

55 b.29b

:3 b.6b0

3 b.9b4
- -

.
,

;3 -1.2'/0

;0 -1.700 .
.

.

*
' '

|3 -1.990 *

..,.

.

1 % -1.950
'5 .1.810.

.1.960
- .

.

'
-

.- s
.

-

N .
,

%1ts ocm/sec . ,
-

Statistically Insignificant. Coefficient, Use 5% PSA Value ,

'

_

.
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