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May 9, 1980

'

lloward Levin
U.S. NRC
Washington, D.C. 20555

,
'

.

. Dear Mr. Levin,

At your request, enclosed is a_ listing of the observed -

intensities at Northeastern U.S. localities for the
December 20 and 24, 1940 Ossippee N.II. carthquakes. Dis-
cussion of the results of regression analyses performed
on this data set are also included in this transmittal. ;

A listing of observed intensities for the Cornwall- i

Massena earthquake of September 5, 1944 will be forwarded i
in the near future pending inclusion of felt reports
observed at Canadian sites.

,

'
.

Data cards of the Ossippee felt reports and the
results of regression analysis were sent to TERA Corporation.

' '

Sincerely,

%),L C - 05fi

,

George C. Klimkiewicz
1.
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-The Oss'ippoo, N.H. carthquaken of December 20,'24, 1940- '

are cataloged as having maximum Modified Mercalli Intenn{ ties
of VII. Due to the occurronce of 2 ' aimilar uis:c.. shocks wit.hin-
the narrow time frame of four days,-the public's response to.

,

U.S. Coast and Gecdotic Survey and the Northeant Seismological
Association questionnaires, contained descriptions of the - .--
combined offects of both events. Ground-Motion effects woro- -

not easily associated with any one of.the shocks. Por this
reason, all acquired felt reports, for both events woro
combined into one data baso. ' The U.S. Department of Canmerco
publication, " United Staton Earthquakes,- 1940," contains a
listing of t.he intenalties interpreted for numerous localities
throughout the Northeast, excluding Canada, for the pair of-
carthquakes. The intensity information in this listing was

~

compared to the original questionnaire descriptions of t.ho
felt reports. No reavaluation of intensity, from those.,

4 listed in USE, 1940, was deemed necousary.

The data base forLthe attenuation study,. includes the*

information in the USE, 1940 list. Coordinatos of the
localities for the individual felt reports were determined,-,

) and distances computed from the cataloged epicentNr coordinato.
-

Regression analysis on intensity as the dependent variable,
was performed to determino tho. attenuation model in the ,

standard form:
. .j "*

,

Igtg = CO+CA+C2 I U10Ay

Two models were computed due to the manner in which the,

lower intensity data woro presented. The localities-reportingintenalties lower than IV were groupedJinto an undifferentiated
category of MMIaI-III. Theno localitien were assumed to'have
an average intensity of II in one regresulon analysis and were
assumed to have the maximum intensity of III in the other
regrension analysis. * ~.

REGRESSION MODELS FOR ATTENUATION

PROCEDURE 1 MMI I-III + MMI II
4

The data points and t.ho regression modol for thin pro-
ceduro are ahown in Figure 1.t

4

Regression Results:
,

Intercept: C 0.7441293 Ut01 t
f

0

j Regrounion '*

Coefficients: C 0,4010946 E-02-

3
C 0.1534778 Et01--

2
4
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Standard Deviation* '

of Regression
.

Coefficients: C 0.6140185 E-03 iy ,,

C 0.3330754 E+002 -

Multiple Correlation '

Coefficient: 0.7483367 E+00 -

.

Standard Error f.of' Estimate: 0.1213055 E+01 e

Final Model:

I = 7.441 .00406 - 1.535 log 10A Eq. 1site

Plotted against the above model in Figure 1 is the
model developed oh the basis of distance being the dependent
variable for a given intensity decrement (Eq. 3). This
model is clearly conservative, when used to estimate the

,

site intensity at a,given distance, since the curve envelopes,

.most of the observed felt reports in the range of distance
of interest, namely distances less than 100-150 km. '.

. *

PROCEDURE 2 MI I-III + MMI III

The data points and regression model*for this procedure
are shown in Figure 2.

Regression Results:

Intercept C .6693773 E+01O

Regression
- Coefficients: C -0.4888499 E-02

'
~

y
C -0.9829572 E+00

. 2
.

Standard Deviation .

of Regression
Coefficients: C 0.5589552 E-02y

C 0.3032062 E+002

Multiple Correlation
Coefficient: 0,7736629 E+00

,
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_



, .

,

. .. ,,

Standard Error
of Estimate: 0.1104272 E+01.

Final Model: 37 , ,

p r

I = 6.694 - 0049A - 0.983 log 10A
*

site
.

.

*

COMPARISON OF MODELS

Figure 3 compares the results of regression procedures
1 and 2 using Intensity as the dependent variable, with the
results determined by using distance as the dependent
parameter.

.

Models 1 and 2 are preferred for determining the best.

estimate of Intensity at a given distance for the
Ossippec N.H. earthquakes.
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DATA FORMAT .

Ossippec Earthquakes, December 20, 24 Felt Reports
. .

Card 1

Col. Parameter Format

1-8 Epicenter Latitude F8.4

9-16 Epicenter Longitude F8.4

17-20 blank 4x
. .

21-80 Earthquake Name, Date 6A10 *

,

'
.

Ca rd s 2+N

Col. Parameter Format

1-2 Modified Mercalli Int. 12 - -

..

3 blank
~

4-5 Degree part of Latitude (N)
-

of Felt Report F2.0

6-9 Minute Part of Latitude F4.1
~

10 blank 1x

11-12 Degree part of Longitude (W)-

of Felt Report F2.0

13-16 Minuto Part of Longitude F4.1 .

17-19 blank 3x

20-59 Locality of Felt Report 4A10

Weston Geophysico'
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B[DKELEv DALL AS B[THESDA WASHINGlON NEW YORK ~. D[t MAR . BA10N ROUG!

July 8, 1980
..

.

Lawrence Livennore National Laboratory
Attn: D. L. Bernreuter, L-90
P. O. Box 808 -

Livermore, CA 94550

Dear Don:
,

We are providing herein our revised results for the scaling between respo[ise. ,

spectra of different damping values. As in the August 1979 report, we have
used our improved data base for regression on the decimal damping factor for
a fixed site intensity and log-(distance). We have excluded the undamped
spectral ordinates from the regression because of their statistical insta-

.

bility. As the attached table indicates, there is very little d.ifference
between the previous results and these new results.,,

The application of this scaling law to the SEP results requires an assumption
whose validity we have not evaluated. The required assumption is that tt e.
source zone loads that make up the spectral ordinates are proportioned th}e
same, independent of damping factor. While this seems reasonable, the
process by which we combine loads is sufficiently complex that we cannot
be absolutely certain of the necessary independence.

IVery truly yours,

Yt/ ''

Lawrence H. Wight
Vice President

"LHW/hlj
Attachment

-

7/15/80 -

[ Leon R h '

;xc:
Mr. Howard Levin '

,

-
'

!
; t.
'

%.

TERA CORPORATION
2150 SHATTUCK AVENUE BERKELEY. CAllFORNIA 94704 415 845 5200

- _ , - .. - . .- . - . - - - - - - .
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'. " Attacia.ent 1-
' ' ''

- ' t.etter to Don Bernreuter* ' ' ' July 8, 1980-
,

,

.

SU:41ARY OF REGRESSION RESULTS-

log (GM) = Cy+Cl2s+CA +C log (r)
3 4

1 - MMI.
3

r - kilometers
A - decimal damping

-.

C
3

Frequency

GM Units HZ Aug. 1979 Current

2
PSA cm/s 25.00 * *

2
PSA cm/s 20.00 * *

2
PSA cm/s 15.30 -0.337 -0.290

2 "'

PSA - cm/s 12.50 -0.639 -0.600
2

PSA cm/s 10.00 -0.954 ' 0.904-

2
PSA cm/s 7.70 -1.310 -1,270

2 '

PSA cm/s 5.00 -1.680 -1.700 *~

2
PSA cm/s 3.30 -1.900 -1.990

'

2
PSA cm/s 2.50 -1.920 -1.950

2
PSA cm/s 1.33 -1.750 -1.810

2
PSA cm/s 1.00 -1.900 -1.960

2
PSA cm/s 0.50 -1.520 -1.600

.

* statistically insignificant coefficient

|

'

'-

.
,

TERA CORPORATION
.__ -~ .- -- , __ _ _ _ . . . . ._. . _ . . . _ . _ - , _ _ - - - . . _ . . - . _ . _ -
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BERKELEY DALL AS SETHESDA WASH!NGTON NEW YORK DEL MA.? BAION POUGE
<

''

. ~

April 4, 1980
'

,

Lawrence Livermore Laboratory
' Attn: Mr. D.L. Bernreuter, L-90
P.O. Box 808'

.

Livemore, California 94550 -

Dear Don: '

.

We have received and reviewed the letters written by the Attenuation Panel
Members and are herein providing a summary of their views and our recommenda-
tions for a final attenuation model for use in the SEP. Our recommendations

'

are, of course, built primarily upon our intuition and experience, but are
reinforced by ideas advanced from all participants in the attenuation panel,

and the summary letters provided by the panel members. For your convenience,
we have consolidated the panel member views on Attachment A.

Our recommendations are in two parts; First, we indicate how the presently
available SEP results could best be applied, given our current perspective
of attenuation. Second, we provide recommendations for further analysis that
will, we believe

(1) Confirm the short term recommendations, and
- (2) result in a significant advance in understanding -

of the EUS attenuation.

Our short term recommendation for interpretation of the current SEP results
is to use our latest regression results [of the form log (GM)=F(M,Is)] with
the Ossippee intensity attenuation relation. We strongly recommend that this
be used for the CUS sites, on the basis of the good, and often slightly con-
servative comparison between this model and Nuttli's theoretical model for CUS.
Application of the same model to NEUS sites is probably more conservative, since
there is some evidence that the absorption coefficient is slightly greater there.
It would be very interesting to see what Nuttli's theoretical model would
yield for values of the absorption coefficient appropriate to NEUS.

In terms of longer range recommendations, we propose the following;

(1) We strongly favor an empirical approach that builds upon the
relation log (GM)=F(M,I ). We acknowledge, however, certains
statistical biases that result from this formulation. Specifically,
the limited range of site intensity values in the CIT data base
result in substantial extrapolations beyond the data in application
of the model - and furthermore, the use of an intermediate, im-
perfectly correlated, variable always introduces a bias.

x

TERA CORPORATION
2150 SHATTUCK AVENUE BERKELEY. CAUFORNIA 94704 415 845 5200

._ . __ _ - . ._ ._- _ . - - - _ _ _
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Mr. D.L. Bernr'euter -2- April 4, 1980
These two pmblems may be interrelated and motivates us to
propose the following. Start with two WUS models; first a
WUS ground motion model of the form log (GM)=F(M ,r) andLsecond a WUS intensity attenuation model of the form I =F '

s(M ,r). Elimination of r between these two equations resultsL
in a model of the form log (GM)=F(M Is) which should notL
suffer from some of the statistical biases that result from.

direct estimation..

(2) The *next step would be to-incorporate your analyses with Nuttli's
to develop a model relating ML to mb-

(3) We feel it -is important to subject the EUS intensity data to
additional analysis and interpretation. Multiple regression
analysis of the data set represents one option, while application '

of Gupta-Nuttli to CVS with development of-a similar model for
NEUS represents a second option. We slightly favor the latter
approach.

'(4) Combination of these models results in log (GM)=F(mh,r).' We
'

advocate verification of this model by comparison with Nuttli's
peak acceleration model. We feel this comparison should be made
only over the distance range 25-200 kilometers. Major discre-
pancies would be reconciled, but miner differences would be
accepted. We envision this comparison would be for both. CUS
-(Nuttli's existing model) and NEUS (which would be developed).

(5) We reconmend, on the basis of an anticipated favorable comparison
with Nuttli's model, that the final models be incorporated into
the hazard analysis with a natural lognormal value for dispersion
of 0.65. The distribution should be truncated at some limiting

such as 2 , b0t for practical purposes the sameacceleration, 9
results could be obtained by truncating at three sigma. Finally.,>M
on the basis of scale saturation arguments, the accelerationg/

r

model should have a limit corresponding to mb 6.7. -

We hope these ideas and views will help you in presenting an overall recommenda-
tion to the NRC and we are prepared to elaborate on these points with you at any

*

convenient time.

Sincerely,

L,,,,'

Lawrenc 1. Wight
Vice President

LHW/p1h
Attachment

Dr. Leon Reiter,/; cc:

_ _ _ _ . _ . _ . __. __ . __,
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i Attachment: letter to'

O.L. Bernreuter,
* Dated April 4, 1980

.

Summary of Attenuation Panel Member Views
.,

Ground Motion Model Building

Nuttli proposed that models be developed differently depending on the distance
range. In the near field (<25 km) he proposed that any empirical approach
would be adequate while in the intermediate field (25-200 km) he favored his,

theoretical approach or an empirical approach that started with the relation
log (GM) = F(M,I's ). In the far field, he recommended his theoretical approach.
Trifunac was consistent with this in his overall recommendation in that he proposed
seeking the functional forms that have the most theoretical basis and then
selecting among them on the basis of an anslysis of residuals in the regression
analysis. Donovan pointed out the biases in going through intermediate
parameters while McGuire discussed these biases in much more detail. McGuire
therefore recommended use of Nuttli's theoretical results.

.

Intensity Attenuation
.

McGuire recommended using the actual intensity data as opposed to basing
results on isoseismals. He also pointed out the significance of the focal
depth on the intensity distribution. He further acknowledged the possible
significance of a non-linear scaling between epicentral intensities"but
observed that there is likely insui ficient data to support such a model.
Finally, McGuire proposed that the epicentral intensity report for given
earthquakes be carefully evaluated, perhaps using a method such as developed
by Chandrs.. Donovan also emphasized the possibility of non-linear scaling and
further observed that since site intens.ity data were of ten anomolous due to
site characteristics that the data should be carefully reviewed.

Data Base Issues

Trifunac advocated the use'of all the CIT data with disregard for the " trigger-
ing" problem (". . . not sure it makes all that much dif ference. . ."). He
suggested that European data not be used and he proposed that separate models
for both horizontal and vertical components ought to be developed. McGuire,
on the other hand, recommended that the data contaninated by a late trigger
be excluded from analysis, as should records with anomolously high accelera-
tions in the far field.

Distribution of Spectral Accelerations
!

i Trifunac suggested that the issue be treated with statistical tests, seeking
i the distribution with greatest statistical validity. McGuire cautioned

against premature abandonment of the lognonnal distribution until proper
theoretical basis was available. McGuire, furthermore, observed that there
was no basis for truncation of the lognormal distribution at any level.
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Magnitude. Scales-
"

I - Donovan strongly recommended use of the ML scale in EUS. Trifunac' indicated
~ ~

that the scale.(magnitude, intensity, ...~) should be selected on the basisL
of ' quantity 'and quality of available. data. Nuttli . recommended use of the.mb ~ inn".i. scale but' acknowledged several deficiencies-in this (and indirectly, in any t J a?
other) specification. An important point made by Nuttli, was,that mb . values ' . ',
~over 6.7 should not be considered in a. hazard analysis. McGuire acknowledged,.

4 .the difficulty cf the problem:and observed that there were -likely substantial ~
j. differences in ~ source characteristics' between WUS and EUS.

Regression Weighting ~ ,

; McGuire felt that weighting was important in order that the San Fernando'
earthquake would not bias the results. Trifunac also' advocated a weighting
scheme but cautioned against the scheme being too exotic.>

.

,

.

Near Field Models-

J

Huttli advanced the . idea that near field shaking could be cmpirically
; modeled in a variety of ways, that the approaches have equal validity and

that the results should not be greatly different. Trifunac advocated a ~;
j particular model - a direct correlation between shaking and intensity.

!

l,
~
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Bt tarttY . DAll AS . M mf SDA . WA% NGTON NEW VCRK DEt M AG BklON ROUCE

.

May 30,1980

Lawrence Livermore Laboratory
P.O. Box 808
Atin: D. L. Bernreuter, L-90
Livermore, California 94550

Dear Mr. Bernreuter:
.

Following up on our discussions with you and the NRC on May 15,1980, on the
Site-Specific Spectrum Program (SSSP), we are writing this letter to summarize
our views on the Program and the usability of ovailable results.

As we have indicated previously, there are three points that we hope you and the
NRC will consider in developing on SEP seismic design recommendation: -.

1) Consistent with the philosophy and gools of the SSSP, we
strongly recommend that the borord results be integroted
into o risk assessment which will formally account for
facility age, population, radionuclide inventory and dis-
persibility, and structural resistance. Much of the power
of the SSSP opproach is lost when a uniform hozord is
selected for each f acility, independent of the aforemen-
tioned risk porometers.

2) Whether the results are opplied uniformly to coch facility
or used as input to a risk assessment, we note that the
hozord is expressed as instrumental free-field ground
motion, and not design ground motion. Provision should
be made in the recommendation for on explicit accounting
of the design implications. For example, we have sepo-
rotely developed case studies and statistical dato to show
that the design input could be os little os one-half the
ground level free-field shaking.

3) We feel that there is unnecessary conservatism in the
limited results that have been developed under the SSSP
thus for. As on illustration, we present results below that
show that the 1,000 year loads con be conservatively
represented os 5,000-10,000 year foods. Any assessment
of the available results should take this into account.

decision has to be snade at this time with the limitedSurnmarily, if a
alternatives available to NRC, the 1,1,l/ TERA results form a conservative
specification of the free-field ground motion. While complete quaniification of

IERA CORPORATION
2160 SHA11UCK AVENUE BERKELEY. CAUI'ORNI A 94704 415 84S S200
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Mr. D. L. Bernreuter 2 May 30,1980 -

'this conservatism probably cannot bc cstablished on the scientific level, our
preliminary judgment of the level of conservatism is provided below. We believe
that it is important for NRC decision-makers to have 'an understanding of the
level of conservatism in order to reach a balanced decision. Regarding the
direct use of the LLL/ TERA results, we believe that provision should be allowed
for explicit accounting for the differences between frec-field and design ground.
motion and that an accounting be made of important risk parameters.

The first two points are self-explanatory, and .therefore, the balance of this
letter will address the conservatism issue.

We respect the fact that the. specification of oppropriate level of conservatism is
the NRC's responsibility, and feel o strong need for you to.understond our
assessment of the conservatism in the SSSP results. We hope that this will allow -

a more balanced decision by the NRC to be reached on the overall !cvel of
conservatism required.

In order to provide a framework for our comments below, we will briefly, review
the goals of the SSSP and the relationship of those goals to the quality of the
available results.

As we have of ten observed, the goal of the SSSP has changed with time. Origi-
nolly (July 1978), the SSSP was founded as o $50,000 research program directed
at improving the EUS seismic data base, modifying Dr. Mortgot's seismic hozord
computer code and illustrating the approach by assessing the seismic hozord at
the Dresden SEP site. The program was subsequently (December 1978) expanded
to include eight other EUS SEP sites. The goal of this exponded project was to
perform extensive sensitivity studies on the seismic hozord (see Attochment A,
Task 7) to determine the most important parameters of the problem and to,
therefore, establish a basis for possibly directing the licensees to undertake
specific studies that could result in licen'see-proposed site-specific spectra (see
Attachment B).

The program changed emphasis again in the Spring of 1979 when we began to
incorporate the subjective input from the ten expert seismologists. Consistent
with the framework of ony expert opinion analysis, we attempted to minimize

,

the role of TERA's opinions and, instcod, replace those opinions with either on
expert's opinion or o consensus. For example, although we performed a complete
set of analyses for all the sites in May 1979 using a value of acceleration
dispersion of 0.7, we performed the next set of analyses using a value of 0.9
based on consensus input to us. While we did not personally support this value,
we nevertheless incorporated this conservative value into the analysis since the
scope of the project at the time was to provide extensive sensitivity results.

Indeed, we initiated a more formal sensitivity study in November 1979 (see
Attachment C) with a scope consistent with the earlier effort; that is, to "...
determine quantitatively which porometers or component models are driving the

.

%
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Mr. D. L. 13ernreuter 3| : May 30,1980
'

0-
.

..

t

.

results, particularly for the northeastern sites." The ' proposal wenti on to say
thot".~.. we feel that this is a most important effort that should be undertaken as

'soon as possible in order to provide o partial explanation for the unusually large;-
accelerations reported in the August 24,.1979 report."

.

Thus, we note that the manner in which the ' August results were developed and -
in which the sensitivity studies were scoped ~ were both verythe manner'

exploratory and, in a limited sense, academic. Neither the formal. work scope-
.nor our informal conversations were directed at construction of our " preferred"
case, although it was clearly.our mutual expectotion that such a case would be
constructed by' September 1980. In the remainder of this letter, we attempt o

: quantification of the conserv,atism in the currently available results.

The probabilistic calculation of extreme hozords in any analysis is always a blend .

. of the ovollable dato and judgment. We herein' provide our judgment of this time
for' the northeastern sites, based on a model that contains o more' reasonable--

degree of conservatism. We fully expect that between now and September 1980,
we will have o technical basis for removing certain additional conservatisms.'

We report, in Table I, the peak (instrumental) ground ' acceleration (PGA) for
Expert 3 (who is typically very near the synthesis) using our judgment as to more
reasonable, yet conservative input. *

At tenuation - Functional Form' - o .

'

At this time, we favor the use of the Nottii theoretical attenuation model for .t .
'

prediction of PGA of distances greater than 2S kilometers, based on:

I (l) our own judgment
(2) the judgment of our attenuation panel,

(3) the current confusion regarding the Ossippee data.' *

We feel that the Gupta-Nuttli ottenuotion model, os modified by us, is on'

adequate and conservative representation of Nottli's theoretical model, when
opplied to the northeastern sites. We expect that the conservatism will be ,

demonstrated by incorporating into Nottli's model the octual absorption coeffi-
cient opplicable to the Northeast. This was, in fact, one of our recommended
efforts for the next phase of the SSSP, as summarized in our April 4,1980 letter.

Attenuation - Dispersion

We recommend the use of a natural logarithm dispersion on PGA of 0.6, based
on:

(l) recommendations from our attenuation panel
,

(2) our judgment and experience.4

'

,

i
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Mr. D. L. Bernreuter 4 May 30,1980

We feel strongly that even this value _is high, porticularly in the near-field, and
we expect that certain studies currently underway will demonstrate this conser-
votism.

We acknowledge that a formal statistical combination of errors in the develop-
ment of the attenuation model results in a higher value of dispersion *, but we
believe that this is a by-product of using intensity as on intermediate parameter.
We believe that the close (but conservative) agreement with Nottli's model
justifies using a substantially lower value. Furthormore, this is in keeping with
the original spirit of the program of separating the random and systematic
errors.

.

The value of 0.6 is not hostily chosen by us, but instcod is representative of our
judgment on dispersion for over three years, as expressed in various final reports.
For example, in December 1978, we reported on a seismic hazard analysis at the
Battelle Memorial Institute facilities in Columbus, Ohio, that had been
performed four months previously (just as the SSSP was starting). This analysis,
which used a value of dispersion of 0.6, was reviewed and approved by various-

NRC staff members and Dr. Newmork.

As another point of comparison, in July 1978, we reported upon our seismic
hozord analysis for the Vallecitos Nuclear Center. This analysis used a western
United States attenuation model with a value of dispersion equal to 0.45, based,
in port, on the Son Fernando dato. Again, this analysis was subjected to careful
review by the NRC staff and Dr. Newmark. Thus, it should be evident that we
are including in our judgment additional uncertainty in our eastern United States
attenuation modelling.

In terms of additional chorocterization of the distribution associated with this
dispersion, we assume o lognormal distribution truncated at three standard
deviations. We feel that this, too, is conservative, and trust that future work
will support a different, less conservative distribution.

In addition to truncating at, three standard deviations, we have, for purposes of
i this calculation, truncated all site intensities less than MMI V from the

analysis. Although this does not greatly influence the results for the north-
eastern sites, we feel that it is on important technical point to incorporate. The
basis for this is contained in the unabridged definition of the Modified Mercalli
Scale (Attachment D). This clearly shows that slight corthquake damage begins
at MMI VI, and even then, only to poorly constructed buildings. Furthermore,
any building designed in accordance with nominal UBC standards would experi-
ence only negligible domoge at MMI Vll-Vill. We feel that incorporating
occelerations for site intensities less than V con produce misleading representa-
tions of the actual corthquake hozord. This logic is identical to the arguments
that earthquakes of low magnitude should not be included in a hozord analysis.

Cornell, C.A., Baron, H., and Shokal, A.F., (1977) MIT Report No. R77-34;*

also in Western Geophysical Corporation reports to TVA.

%
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Mr. D. L. Bernreuter -

Backaround. t ,

We report, in Toble I, the results for "no background." We judge that the
conservatisms in the analysis are more than sufficient to occommodate alterno-
tive models for the background.

Summarily, we note that the results presented in Table I are substantially lower
than those presented in the LLL/ TERA reports. The 1,000-year loads in Toble I
are reduced 50-60 percent from the results in the reports or, put another way,
the 1,000-year loods appear to be at least 5,000-10,000-year loads. ' We further
believe that, as the reiurn period increases, there is marginally increasing
conservollstr. since loads of such long return periods os 10,000 years principally
result from o very conserVotive modelling of the toils on the acceleration
distribution.

Finally, we note that on explicit accounting of the facility age, assuming a
40-year facility life and allowing a uniform probability of exceedance during the
remaining life, evenfurther reduces the foods. For example, Millstony changes
from ||2 to 94 cm/s and Yankee Rowe changes from 127 to 92 cm/s ,'for the'

t

1,000 year return period.

We sincerely hope that our quantification of conservatism in the SSSP and
certain elements of the risk assessment con be incorporated into decision-
making.

, , ,

Very truly yours . ,
;

,

.

Lawrence H. Wight
Vice President

,

cc:
Mr. Howord Levin .

Attachments

j

..
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TABLEI

2
PGA (cm/s ) LOADS FOR TERA' 5/20/80 -

'

PREFERREDINPUT

-

.,

SITE

. Oyster Yankee . Conn.
.

RETURN PERIOD Creek Rowe Ginna 'Yonkee. Millstone
.

200 35 64 27 59 53"

l 1,000 91 127 81 119 |12.
,

. .

4,000 145 |93 129 |82 172
.
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November 29, 1979

i

:

paul O'Connor, project Manager
Operating Reactors-SEp Branch
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Subject: Comments on the LLL/ TERA Reports
NRC Docket 50-10/237

Dear Mr. O'Connor:

Commonwealth Edison requested Fugro to review the
LLL/ TERA reports and to provide their comments. Attached are
Fugro's general comments on the LLL/ TERA reports. In addition to

. the Fugro comments, Commonwealth Edison's general comments are provided
'

in the following paragraphs.

In the type of study performed by LLL/ TERA, the use-
fulness of the results is directly related to the consistancy

3"
of the expert opinions. This survey is attempting to determine the
state of knowledge on the expected maximum seismic event to occur
at a given site. If the expert opinion varies significantly the
reasons for the variation must be understood before the opinions can
be used. In the LLL/ TERA report there is a wide variance in the
opinions generated by the experts polled by LLL. Due to the wide
variance in the opinions the output of the LLL/ TERA program appears
to be wrong. As a result, the output is unusable. We believe the
three basic reasons for the wide variance in the opinions are:i

1) It appears not all the experts properly understood the questions
in the survey, 2) the experts were not allowed sufficient time to
provide required responses and, 3) in some cases, the experts were
commenting on tectonic areas they were not intimately familiar with;

'

as to it's seismologic history.

Commonwealth Edison believes for the methology developed
by LLL/ TERA to be useful, LLL/ TERA must go back and examine the
causes of the variances in the expert opinion and resolve those areas

i they find questionable. They should then obtain expert opinion *

about a particular tectonic area from the~ expert most familiar with
the area. In addition, a feedback mechanism should be established
to make certain the experts understand the questions and that they
have sufficient time to provide the required answers. j(c7QS
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Please address any questions you may havo concerning
the matter to this office.

One (1) signed original and thirty-nine (39) copies of
this transmittal have been provided for review.

1

5.b AY|.wae$4

R F. Janocek.

Nuclear Licensing Administrator
Boiling Water Reactor

.
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CRITIQUE OF LLL/ TERA REPORTS

ON

SEISMIC HAZARD ANALYSIS

.

.

Prepared for:

, .

NUCLEAR SERVICES CORPORATION
1700 Dell Avenue

Campbell, California 95008

i

.

Prepared by:

FUGRO, INC.
Consulting . Engineers and Geologists

3777 Long Beach Boulevard
'

Long Beach, California 90807

.

October 26, 1979
i
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INTRODUCTION and Huclear Scrvicc0h Edison
tha request of Commonwealt d the following three draftAt

Corporation, Fugro has revieweLivermore Laboratory ,

(LLL) and

r; ports prepared by Lawrence rd Analysis: c ' U.

Tcra Corporation on Seismic HazaA Methodology for the Easter p
n --,.: .

" Seismic Hazard Analysis: August 23, -W1979 3

.

" Tera Corporation, Opinion,"o
of ExpertUnited States, Solicitation

" Seismic Hazard Analysis: i

23, 1979. rd.$o
Tera Corporation, August Site Specific Response Sectra I

(Tera)" Seismic Hazard Analysis: C. P. Mortgat "

Bernreuter (LbL),o
L.Results," by D. 23, 1979.
(Tera), August ulatory Commission

and L. H. Wight submitted to the Nuclear Reg
*

.

of older
These reports Evaluation Program (SEP)were

as part of their Safety i

(NRC)

nuclear power plants. Because
,, ,

reports.of these :critique reports and
This document presents a l contained in thesei

of the large amount of mater a for review, the comments
available

limited amount of timethe t re.

below are mostly general ~in na u

(1) a
reports basically present:CRITIQUE 1

at a

The three LLL/Teraimating uniform risk spectraGeneral.
interpre-

probabilistic model for est of expert opinions and the
*

d l,
solicitation in the probabilistic mo esite, (2) the iopinionsof theseand incorporation . ,

ordinates havewhose period.
response spectrai g exceeded during some timeare

Uniform risk spectra1

the same probability of be n

funno
- q~;ry, ,;.yg.7.s-w.g,,,.. 9. v:p; - n- 7 y.

-* -t ~e
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the results of'the application of this~ mode'l to nine
,

and (3)
nuclear power plant sites included in'the NRC's SEP.

.

The results for each site consist of a set of uniform-risk
each spectrum derived using one expert's opinions,- and

spectra, '

f an overall spectrum representing the synthesis of all expert s
|.

'

Comparisons are also made between the' synthesized
opinions.

h s.

spectrum and spectra obtained from more deterministic approac e

The reports make no _ recommendations as to which spectra are to
~

,

'

be used in the SEP or the corresponding performance criteria of
However, some discussion

structural components and local soils.

is given'on the merits and liritations of the use of each type
,

An important criticism of uniform risk spectra
of spectrum.

that was mentioned is that the spectra essentially represent
i

the contribution of all possible earthquakes in the site reg on. .e
the shaking from

on the other hand the facility has to resist
.

the uniform riskTherefore,
only one earthquake at a time.

and other
spectra may be overly conservative in this regard,,

types of spectra may be more appropriate for the SEP.
'

The critiques of each of the three reports are given below.

Ten experts in the fields of
Solicitation of Excert Ooinion.

in
seismology and tectonics responded to specific questions

in order to provide the necessary inputs to the
these areas

the experts should be veryIdeally,probabilistic model.
knowledgeable in all the problem areas -and ha,ve plenty of time

,

data
to seriously study the questions and all of the relevant

jucun
.
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However, for
0 and responld in an unbiased and objective manner.

it appears that these ideals were not achieved.-.

various reasons,

The. experts generally were seismologi'sts with some expertise
To our knowledge none of the experts has-done

in tectonics.

extensive research on the attenuation of strong ground motion

or the response of local soils during earthquake shaking, two -

~ The
important considerations in any site-specific analysis.
limited expertise in the latter area was evidenced by the .

9

response to Question 4-20 (p. 11-106), which asked what was
,

-the maximum acceleration that various. types of soil deposits
.

.Only three experts responded and their answerscould su. stain.
Some of the expertsindicated a limited knowledge in this area.

Even withinemphasized their low confidence in their answers.
III

their fields of expertise, the experts are usually most knowl- i 3-

edgeable about the seismicity and tectonics in the region in

which they are located. In this regard it appeared that the

experts concentrated their efforts on the data they were most
'

familiar with and spent little time with other data. Sometimes

only two or three experts rcsponded to a particular question or

group of questions.

More feedback between the experts and LLL/ Tera would have been

desireable during the course of the study. The experts did not
st u

have a chance to judge the reasonableness of the LLL/ Tera
nor didinterpretations of their responses to the questions, *

the experts review the methodology or the results of the Tera /LLL

probabilistic analyses for each site. The experts may well have
i

|
i

.
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stions if they had understood.

modified their responses to some quewere going to be used.
way in which those responses

the opinions and theperts'
Tha nethod of self-ranking of the ex all o'f theto weight

information by LLL/ Tera
.

inclusion of the resulting synthesi::ed
Theis questionable. is

. . .

experts' opinions weighting technique Ihe
spectrum from the application of t fidence in

who have a high degree of con
biased toward experts in one's answer does

A high self-confidence ect.their opinions. that a,nswer is likely to be corr
.;;,
'

necessarilynot necessarily mean that nking does not
-

Conversely, a lower self-confidence,ra Some type of
f the problem.

reflect a , lesser understanding oexperts might have establishe
d whose

cross-ranking between the
respected.

opinions were 'most /
The major concern

d States.
Methodolocy for the Eastern Unite t ent of the uncertaintfies
with the methodology was the trea m del,

input parameters of the probabilistic moA detailed
associated with uncertainties of the results.aluate their ,and the impact of these

uncertainties in order t o f ully ev whether oranalysis of the Ilowever, LLL/ Tera did question
impact was not given. ies in the attenuation relations

.

the rather large uncertaint l data and the
uncertain-

not

statistical analysis of empirica were accurate represen-
i

based on 's opinion

ties associated with the expertLimited sensitivity studies performe
d on

tations of reality. one particular example that
uncertainty showed in similar

*

the attenuation standard d'eviation had ain the Althoughincrease return period.an 80 percent
spectral level for a given

increase in the

fucua
.
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the uncertainty in the final'probab'ilistic distribution for the
response spectral ordinates was not' estimated, it is important
to'know if the model is combining the uncertainties of the input

parameters.in such a way so as to produce a grossly overestimated

uncertainty in the final distribution. If the model-is doing

this, then at long return periods the corresponding uniform risk'

. spectra will be overestimated.
'

.

'

Site Specific Response Spectra Results.. The reasonableness of ,

the results could be better evaluated if a more complete docu-
.

mentation were given on the-effects the various input parameters,

| had on the results. For example, the relative contributions of

the various earthquake magnitudes, in addition to the seismic

sources, would have been.useful. More analysis of the effects

of the uncertainties of the input parameters, through formal ,;.
~e

statistical methods and sensitivity studies, would also be useful.
.

i

A review of the results for the Dresden nuclear power plant was .

made based on our knowledge of the seismicity and tectonics of -

that site region. The LLL/ Tera results showed that the New Madrid
!*

seismic zone contributed anywhere from 35 to 47 percent to the
i

1000-year peak ground acceleration while the Central Stable ,

The relativeRegion seismic source contributed 45 to 61 percent.,

* '

contribution from the New Madrid zone seems unreasonably high

simply because the zone is 300 to 500 km from the site (depending $

on the expert's choice of the appropriate northern boundary) at

its closest approach. Expected peak ground'a'ccelerations at ;

these distances from an earthquake of epicentral intensity equal

,

bGRO
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to XII ( M.! ) should be less than 0.019 according to the formula'

given on Table 5-5 (p. 5-21) of the LLL/ Tera report, Site"

Specific Response Spectra Results." The report offers no

concrete explanations or presents any analysis to explain why
the New Madrid seismic zone should contrib'ute so heavily to the

results and, until this is investigated, the reslts for Dresden

should he interpreted with reservations.
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