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ABSTRACT

As part of the Site Specific Spectra Project, this report seeks to

identify the sources of and minimize uncertainty in estimates of seismic

hazards in the Eastern United States. Findings are being used by the Nuclear

Regulatory Commission to develop a synthesis among various methods that can be

used in evaluating seismic hazard at the various plants in the Eastern United

States.

In this volume, one of a five-volume series, we discuss the application of

the probabilistic approach using expert opinion. The seismic hazard is

developed at nine sites in the Central and Northeastern United States, and

both individual experts' and synthesis results are obtained. We also discuss

and evaluate the ground motion models used to develop the seismic hazard at

the various sites, analyzing extensive sensitivity studies to determine the

important parameters and the significance of uncertainty in them. Comparisons

are made between probabilistic and real spectra for a number of Eastern

earthquakes. The uncertainty in the real spectra is examined as a function of

the key earthquake source parameters.

In our opinion, the single most important conclusion of this study is that

the use of expert opinion to supplement the sparse data available on Eastern

United States earthquakes is a viable approach for determining estimated

seismic hazard in this region of the country.
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NOMENCLATURE

Commonly used terms and abbreviations:

CIT Used in referring to the data set of strong motion

accelerograms and computed response spectra which the

California Institute of Technology published between 1969

and 1974.

CUS Central United States, roughly the area bounded in the west

by the Rocky Mountains and on the east by the Appalachian

Mountains, excluding both mountain systems themselves.

EUS Sometimes used to denote the general geographical region

east of the Rocky Mountains, and sometimes used to mean the

specific region east of the Central United States (CUS).

Intensity The intensity at which a specific earthquake is felt, as

measured on the Modified Mercalli Scale.

LLNL Lawrence Livermore National Laboratory, the overall project

manager and director of this study.

NRC Nuclear Regulatory Commission

PGA Peak Ground Acceleration

PGV Peak Ground Velocity

PSA Pseudo-absolute acceleration spectrum. Also see definition

of spectra below and Section of Appendix C.

PSRV Pseudo Relative Velocity Spectrum. Also see definition of

spectra below and Section of Appendix C.

Return period Inverse of the annual risk of exceedance.

SEP Systematic Evaluation Program, which includes this study.

Also see Volume .

Spectra used generically to refer to all the different spectra,

e.g., Fourier amplitude spectra of the ground motion

acceleration, the relative velocity spectra at various

damping levels, etc. Also used specifically in this report:

the regression analysis on spectral ordinates were at %

damping for the pseudo-absolute acceleration spectra (PSA)

at nine frequencies 25, 20, 12.5, 10, 5, 33, 25,1, 0.5

Hz) These were converted to PSRV by the usual relations.
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SSSP Site Specific Spectra Project

TERA The corporation which served as LLNL's primary subcontractor

in the development and application of the methodology

presented in Volumes 2 and 3.

WUS The regions in the Western United States where we have

strong ground motion data recorded and analyzed.

Comonly used symbols-

C Coefficients of different parameters in the equations. The

coefficients are determined by regression analysis.

GM Ground motion parameter, used in discussing a variety oil

measurements, e.g., peak acceleration (a), peak velocity

M, etc.

Is Local site intensity, as measured on the Modified Mercalli

Scale.

I0 Epicentral intensity, as measured on the Modified Mercalli

Scale.

M Used generically for any of the many magnitude scales but

generally mb' mb (Lg), or ML.

ML Local magnitude (Richter magnitude scale).

mb True body wave magnitude scale, assumed to be equivalent to

mb (Lg) (see Chung and Bernreuter, 1980).

mb(Lg) Nuttili's magnitude scale for the Central United States.

MS Surface wave magnitude

Q Seismic quality factor, which is inversely proportional to

the anelastic damping factor.

R Distance metric, generally either the epicentral distance

from a recording site to the earthquake or the closest

distance between the recording site and the ruptured fault

for a particular earthquake.

S Site factor used in the regression analysis = for soil

and = for rock sites.
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1.0 INTRODUCTION

1.1 BACKGROUND

The Site Specific Spectra Project (SSSP) was conceived as a multi-method

approach for determining site-specific spectra (Bernreuter, 1979a) It

encompasses probabilistic approaches for predicting peak acceleration, peak

velocities, and uniform hazard spectra for different return periods and also

an empirical approach which includes calculation of 50th and 84th percentile

spectra from ensembles of real data at different magnitudes, site conditions,

and distance ranges. The probabilistic approach is basically that suggested

by Cornell 1968), modified to formally incorporate 'expert" judgments. This

approach is explained in detail in Volume 2.

This project represented both research into the use of expert judgment in

seismic hazard analysis and an effort to carry out a licensing action of the

Systematic Evaluation Program (SEP). This led to conflicts between the need

to obtain results that were timely for licensing requirements and the need to

understand intermediate results and sensitivities before releasing the final

product. Through many different sensitivity runs, we attempted to identify

the major assumptions and parameter choices that led to significant variations

in the predicted hazard at the various sites. The staff of the Geosciences

Branch of the Nuclear Regulatory Commission (NRC) had the difficult task of

obtaining a synthesis among the various results and methods, as well as

choosing the appropriate seismic hazard level for each site for use in the

seismic evaluation of the various plants. The NRC's preliminary conclusions

are given in Jackson 1980).

This volume thus serves a dual role. From the research point of view, it

documents the application of the methodology developed in Volume 2 to a number

of sites and provides interesting insights into the parameters that control

the seismic hazard at them. From the licensing point of view, we discuss the

application of the Volume 2 methodology--using the data from our Eastern

United States (EUS) Seismicity Panel tabulated in Volume 3--to the nine SEP

sites located east of the Rocky Mountains. In this discussion there is

considerable emphasis on understanding the extent of uncertainty in the

seismic hazard estimates and identifying the assumptions that lead to
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significant variations in the predicted hazard at the various sites. To

assist the NRC in this effort we developed several sets of spectra based on

recorded time histories. The criteria used to select these sets are discussed

in Section 40.

Appendix A shows that the Geosciences Branch of the NRC (Jackson, 1980)

followed similar emphases. In addition, Appendix A contains excerpts from our

first results report issued on August 23, 1979. Appendix documents our

extensive sensitivity study. Appendix C provides TERA's final report to

LLNL. It is included for completeness as well as for its additional insight

into what sensitivity the results have on various modeling assumptions.

Appendix D is the result of new information we received about the procedure

used to develop an attenuation model. This new information was used to

perform a revised analysis, which is documented in Appendix D.
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2.0 REVIEW OF HAZARD ASSESSMENT METHODOLOGY USED

In Volumes 2 and 3 we discussed the general philosophy of our approach in

detail. However, it is worth reviewing the important features of our hazard

analysis for the nine SEP sites located east of the Rocky Mountains. The main

characteristic is the explicit use of expert opinion at several levels of

input. We used the following method of obtaining it:

0 Expert panels were created, including the Overall Eastern

Seismicity Panel (see Volume 3 Ground Motion Model Panel (see

Volume 5), and Peer Review Panel (see Volume 5).

0 Detailed written questionnaires were sent out, with follow-up meetings

to obtain feedback.

0 Most of the experts were paid.

0 Each expert was asked to be a "Bayesian Processor,' giving us

subjectively modified data.

0 Each expert's input was used individually in the hazard analysis. The

final synthesis hazard curves were obtained by a complex weighting

method.

To develop our seismic zones and earthquake occurrence models, as well as

the uncertainty about these models, we sent a questionnaire to the members of

the overall Eastern Seismicity Model Panel. It covered source zone

configuration, maximum earthquake, earthquake occurrence,

attenuation/earthquake source model, and self-ranking/overall level of

confidence. The data obtained from this panel are provided in Volume 3 and

form the basis for the seismic source zones and earthquake occurrence models.

See Volume 2 and also Appendix C of this report for additional details.

Although the earthquake source zone configuration and earthquake

occurrence models required the use of judgment and insight for their

development, they could, with some degree of confidence, be obtained either

from the responses to our questionnaire or from the historical data. However,

we found it extremely difficult to construct ground motion models from the

information provided by most of the experts. Thus, we developed our own. The

rationale is discussed in Section 30 of this volume.

The seismic hazard at a site was evaluated by computing the level of

various ground motion parameters at various probabilities of exceedance.
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Although the various computer programs that do this differ, as shown in

Appendix C, if the same input model is used, the answer is the same. In our

view the major differences in studies result from the input models, how

uncertainty is handled, and how synthesis is reached.

Two types of uncertainty exist in analysis: systematic and random.

Systematic uncertainty is that associated with errors in the form and model

parameters used (e.g., form and parameters of the attenuation law, upper bound

magnitudes, site amplification factors). We call it systematic because it

uniformly affects the earthquake events calculated for a given site. By

contrast, random uncertainty represents independent variation from earthquake

to earthquake (e.g., the magnitudes of different earthquakes, given their

common distribution, or the random uncertainty associated with attenuation

models). To obtain the greatest possible accuracy, these two types of

uncertainty need to be kept separate. We attempted to do this by treating

each expert separately and by using several different ground motion mdels.

As discussed in Volume 2 we combined the hazard results from each expert

into a single synthesis result at the output stage. We felt that a synthesis

should not be reached at the input level but that the complete input of each

expert, together with its uncertainty, should be processed individually. This

had the advantage of providing hazard curves for each expert and allowing

sensitivity to be established for each set of assumptions. During the

feedback loop, each expert was able to consider his own output and compare it

with the others. Moreover, this approach treated systematic biases in expert

opinion independently rather than considering those variations randomly, as

they would have been if the consensus were reached at the input level.

(Combining at the input stage would have also run the risk that each expert's

answer was negatively correlated such that averaging would give a false

impression. For example, the upper magnitude cutoff and other parameters of

the recurrence relation could somehow reflect common biases for experts such

that they partially cancelled.) Finally, this method allowed for a synthesis

at the results level. Since the model is nonlinear in the input parameters,

averaging the input would have given different answers.
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3.0 GROUND MOTION MODELS

3.1 BACKGROUND

The ground motion observed at a site arises from three elements. First,

there is the earthquake rupture and energy release, which can be described by

a number of earthquake source parameters such as magnitude, seismic moment,

dynamic stress drop, type of faulting mechanism, etc. Second, as the seismic

energy radiates from the source region, there is a definite radiation pattern,

as well as both geometrical and regional anelastic attenuation (travel path

effects). Third, there are the local site effects. What we refer to as the

ground motion model is the combination of these elements into a relationship

of the earthquake's seismic energy specification, distance from the site of

interest, and the ground motion observed at a site.

Because the ground motion model enters the hazard analysis in a very

direct way, the estimates of the probability of exceedence vary one-to-one

with changes in the ground motion model. Thus, the uncertainty in our ground

motion estimates plays a very significant role--it directly drives the hazard

at a site. In this report the ground motion model (except for the attenuation

of intensity) is always assumed to be lognormal, and the measure of the

uncertainty is generally the standard deviation of the log of the ground

motion variable, e.g.,a ln a'

Developing a ground motion model for the EUS is a difficult task for

several reasons. First, there is not much strong ground motion available from

EUS earthquakes Second, it is generally agreed that one cannot directly use a

ground motion model developed for the Western United States (WUS) because data

from a number of sources, e.g., Nuttli 1979), Chung and Bernreuter 1979),

indicate that the attenuation of seismic energy in the EUS is much different

than in the WUS. Thus, we put considerable effort into the development of

ground motion models for the EUS for use in our hazard analysis.

Our first approach was to include a number of questions on this subject in

the questionnaire we sent to our EUS Seismicity Panel. Volume 3 shows that

this section of our questionnaire was not too successful. This was partly

because our questions were not formulated well enough and partly because some
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of the Panel members did not have as much expertise in the area of strong

ground motion as in the area of seismicity and tectonics. To overcome these

difficulties we formed our EUS Ground Motion Panel. The results of our

meeting with this panel are given in Volume 

3.2 INFERRING EUS GROUND MOTION

After extensive discussion with our onsultants and meeting with our EUS

Ground Motion Model Panel, we singled out four approaches as 'best'. Given

the limited amount of strong ground motion data and the fair amount of

intensity data available for the EUS, there are few options. Three of the

approaches use intensity as an intermediary variable to compare the ground

motion between WUS and EUS:

Distance weighting

I = f(I , R) BUS Data
s 0

Log GM = G(I s, R) and in some cases G(1.1 M L R) WUS Data

Magnitude weighting

Is = fio, R) E(JS Data

Log GM = G(I s, L WUS Data

Mb = M(M L )

I = 2m b 3.5 EXJS Data

No weighting

Is = fI 0, R) EXJS Data

Log GM = g(I S) WUS Data

The fourth method uses a theoretical approach such as Nuttli's (1979) model.

It ombines theoretical modeling with measured regional Q values, assumes the

near-source ground motion in the BUS is the same as in the US, and scales

only by magnitude. The implications of these various weighting schemes are

discussed in Appendix E of Volume .

If we keep in mind that the elements of our ground motion model are a

combination of source travel path and local site effects, we see that all four

approaches make a common assumption. This is that the set of WUS earthquakes

making up the strong ground motion data set adequately represent future

earthquakes in the EUS in terms of such parameters as dynamic stress drop,
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static stress drop, seismic ment, focal mechanism, etc. This point received

considerable discussion among our onsultants. It was generally agreed that

variations in earthquake source parameters have a significant effect on the

level of ground motion observed from any earthquake of the same magnitude, but

no consensus was reached on the question of how much (if any) the typical uS

earthquake source parameters might differ from the parameters for WUS

earthquakes.

3.3 MODELING UNCERTAINTY

As noted earlier, both random and systematic uncertainty entered into our

models. It is very difficult to separate them in a ground motion model. An

example of random uncertainty is the random variation in source parameters of

earthquakes of the same magnitude and focal mechanism. One potential

systematic uncertainty is the modeling assumption that the distribution of the

values for the source parameters for WUS earthquakes is the same as for S

earthquakes. The random uncertainty is handled by assuming that there is some

distribution (generally lognormal in this report) associated with the mean, or

best estimate of the ground motion as a functon of distance, which is

determined by a regression analysis. This uncertainty is usually

characterized in this report by a value for the standard deviation of the

distribution, usually the natural log of the ground motion parameter of

interest. The systematic modeling uncertainty could affect both the value of

the estimate of the mean and the value of the standard deviation.

Another clear source of significant modeling error is the assumption that

we can make an estimate of the regional attenuation of the strong ground

motion from an earthquake by using regional attenuation of intensity combined

with a relation between site intensity and ground motion. For example,

McGuire in Appendix E of Volume shows that in estimating one random variable

W from another (x), introducing a third random variable (y) as an

intermediary causes bias in the mean estimate of z, as well as a larger

uncertainty in the estimate of z than would occur if z were estimated directly

from x. In the case of estimating ground motion, the procedure of estimating

site intensity from epicentral intensity results in amplitudes that are less

dependent on earthquake size and distance than they would be if ground motion

could be estimated directly.
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Some uncertainty about the estimated ground motion from a specific

earthquake also arises because different sites are involved. If the site is

fixed for all observation, this uncertainty is removed. However, a potential

for a systematic site effect is introduced, as discussed by Bernreuter (1979b)

and Bernreuter and Chen 1980). To allow for this we apply a systematic

correction to the spectrum of the ground motion at rock sites.

The effect of random uncertainty has been included by using several

different values for the standard deviation of the log of the ground motion

parameter being studied. Rather than attempt to explore each source of

systematic uncertainty in our ground motion model, we bined them and

included sensitivity studies for several ground motion models. The NRC

Geosciences staff made the final assessment of how to combine the systematic

uncertainty in the ground motion model.

3.4 DATA SETS USED

3.4.1 Intensity Attenuation Data Base

The first three approaches require a relation giving the attenuation of

intensity as a function of distance. Ideally we would have had a number of

earthquakes with a range of epicentral intensity (I 0) and many reports of

site intensity (I s) for each earthquake. Then we could obtain the required

relation of the form through a simple regression analysis.

(I I = 1 + 2R + C3 1n R. (3-1)

However, no such data set exists in a usable form. Considerable data does

exist, but it is in the form of isoseismals for given earthquakes.

Isoseismals have a number of drawbacks, including the fact that they are

generally subjectively determined. Of even greater significance is the fact

that isoseismals represent the average distance at which a given intensity was

felt. Our type of analysis required the average intensity at any given

distance.

We examined all possible sources for this data and found only five

earthquakes that have been studied in enough detail to develop sufficient data

for determining the required coefficients by regression analysis. These are

listed in Table 31. See Fig. 5-1 of Appendix C for each of the earthquake's

8



TABLE 31. Summary of earthquakes used in the intensity data base.

Maximum Analysis

Name Date Intensity Source

Southern Illinois 11/9/1968 VII G.A. Bollinger

Cornwall-Mass'ena �/4/1944 VII R.J. Holt

Ossippee 12/20/1940 VII R.J. Holt

Giles County 5/31/1897 VII-VIII G.A. Bollinger

Charleston 8/31/1886 X G.A. Bollinger

intensity attenuation relations, normalized to the same epicentral intensity.

It is important to note that, as indicated in Table 31, we did not obtain

these results by our own analysis. This lack of verification caused us

considerable difficulty. We learned only after releasing our sensitivity

study report (Appendix B) that the regression analysis for the Ossippee

earthquakes had been performed with a two-step process. First an average

distance R was found for each intensity level. Then the relation between site

intensity and distance was found of the form I = (R) by a regression

analysis. The implication of this point is discussed in Appendix D.

3.4.2 Strong Ground Motion Data Base

By this term we mean a data set which contains such information as peak

ground aceleration (PGA), velocity, distance from the recording site to the

epicenter and/or nearest approach of the fault rupture plane, earthquake

magnitude, and information about site geology. A number of such data bases

have been developed, e.g., Murphy and O'Brien 1978), Trifunac and Brady

(1975), McGuire and Barnhard 1977), Boore et al., 1978). One of our main

requirements was to have spectral data as well as PGA. This restricted us to

data sets based on the California Institute of Technology (CIT) data tapes,

such as those of Trifunac and Brady or McGuire and Barnhard. These sets are

then used to obtain relations of the form

9



In GM = C1 + 2I + 3 In R (a)

or

In GM = C1 + 21 + 3M (b)

or (3-2)

In GM = C1 + 2I (C)

and

In GM = C1 + 2M + C3 In R + C4S (d)

where

GM = ground motion parameter (a, V, spectral ordinate) at given frequencies

Is = site intensity

R = distance metric (epicentral, closest approach, etc.)

M = generally local magnitude

S = site type parameter (for soil = for rock = )

The parameters C are determined by regression analysis using an

appropriate data set. The values of Is, R, and site type for some records

differ significantly between data sets. Thus some choices are involved.

After onsiderable discussion we adopted the intensities assigned by Trifunac

and Brady to the CIT data set. The choice of distance metric is only

important for Es. (3-2a) and (3-2d).

A number of different combinations could be formed, and in fact we

developed two sets which are given in Appendix E. The makeup of these two

sets are:

• Set 1. Basically the Trifunac and Brady data base except for the

classification of either soil or rock. The criteria used to classify

a site type was based on those used by Boore et al., 1978) and based

on TERA's assessment of various data sources. Regression analyses

using this data set were unweighted.

• Set 2 Trifunac and Brady intensities. The closest approach,

distance metric, was used when available and was based on TERA's best

estimate from several data sources. Records which were incomplete

due to late start times were removed. Set 2 had the same site

classification as Set 1; however, some refinements were made based on

a more careful look at available data sources. Regression analyses

using Set 2 were all weighted by number of records per earthquake.

The second set is an outgrowth of the first; the most significant

difference between the two is the choice of the distance metric. As you will
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note, the first set uses epicentral distance, while the second uses the

closest distance to the rupture fault when this measurement is available.

3.5. SITE CORRECTION FACTORS

The ideal way to include a generic correction factor for rock sites is to

perform the required regression analysis using only the rock subset of the

data; in place of Eq. 31) we could use

I I = + R + C ln R + C 
s 0 1 2 3 4

where site type ( = for soil and = for rock), and in place of Eqs.

(3-2a, b, c) we would include a site type in the relation between ground

motion, site intensity, and distance or magnitude.

We did not follow this approach for two reasons. First, the intensity

attenuation data set does not include the site type and, considering the

disagreements in the CIT data set about the site type at the well defined

locations of the strong motion accelerometers, there seemed to be little point

in simply assigning a site type by using regional geologic maps. Thus we

consider the regression analysis results using Eq. 31) to apply to soil

sites, as there are generally more soil than rock sites. Second, we did not

include a site type in the regressions using Es. 32 a, b, c) because the

intensity assigned to a given record was not generally recorded at the site

where the accelerograph was located but rather was determined from isoseismals

or nearby reports of intensity. We felt that this introduced an unacceptable

amount of uncertainty, which could not be directly measured, into an already

uncertain relation. We believe that the main effect of neglecting site type

is to increase the dispersion (as measured by r) of the data about the mean

relation.

We took an ad hoc approach to correct for the systematic difference

between a rock and a soil site on the spectrum of the ground motion. We first

assumed that the combination of Eq. 31) with Eq. (3-2a), (3-2b), or (3-2c)

results in a relation of the form

ln GM C 1 + 2 + 3R + C 4 1n R



This is valid for soil sites in the EUS and is 'comparable' to a relation

obtained for WUS data using regression analysis and the form of Eq. (3-2d),

with = for soil sites. The second assumption is that the correction

factor, given by the coefficient C 4' is the same in the EUS as in the WUS.

Thus, our general ground motion model for the EUS is the combination of Eq.

(3-1), the appropriate form of Eq. 32) and the inclusion of the term C 4S

( = for soil sites and = for rock sites) where C 4 was obtained from

WUS data. Two sets of the coefficient C 4 were determined by regression

analysis using Eq. (3-2d) and both data Set and Set 2 Table 32 gives the

coefficients C 4 for both data sets. The validity of the form of Eq. (3-2d)

has been studied by McGuire (1978a) . He concluded that the data did not

support complex models any better than the simple form assumed by Eq. (3-2d) .

TABLE 32. Summary of regression analysis on site geology, using an

unweighted and weighted data set.

S=Site factor (soil = , rock = )

In (GM) = C4 + 1 + C 2ML + C3 In (r)

Ground motion Frequency Set a Set 2 a

(cm/s 2 (Hz) (C (C
4 4

PGA - b b

PSA 25.0 b b

PSA 20.0 0.042 b

PSA 12.5 0.074 b

PSA 10.0 0.089 b

PSA 5.0 0.039 b

PSA 3.3 -0.038 -0.256

PSA 2.5 -0.069 -0.334

PSA 1.0 -0.169 -0.604

PSA 0.5 -0.192 -0.705

PGVc --- -0.138 -0.504

aData set was unweighted. Data set 2 was weighted by the number of

records available for a given earthquake.

bStatistically insignificant coefficient

ccm/s
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3.6 DEVELOPMENT OF GROUND MOTION MODELS

3.6.1 Distance-Weighted Model

Recall from Section 32 that we classify a model as distance-weighted if

the relation between the observed ground motion and the site intensity used as

an element of the ground motion model is of the form

log GM = G(Is R) or GISFM LF R)

We use a distance-weighted model because it fits better with the data, as

measured by the standard deviation. Distance weighting has clear physical

significance as well. However, it may not be possible to use a

distance-weighted model that has been developed with WUS data and insert it

into a relation that uses EUS attenuation.

The implications of such a procedure are discussed by Nuttli and McGuire

in Appendix E of Volume 5. For example, Nuttli points out that distance

weighting uses the same site intensity for WUS and EUS sites at the same

epicentral distance. This requires that the WUS earthquake be greater in

magnitude than the EUS earthquake. The WUS time history would probably

consist of lower wave frequencies, because (1) larger magnitude earthquakes

tend to have more law-frequency motion and 2 the absorption of the

high-frequency waves is greater in the WUS. Nuttli also would expect to see a

lower peak acceleration for the WUS than for the EUS strong-motion time

histories, even though the site intensities are the same. The duration for

the WUS and EUS time histories should be about the same because they are

controlled by dispersion which would be similar at the same epicentral

distance. The shapes of the response spectra would be different.

Several members of our EUS Seismicity Panel suggested that we use the

Nuttli-Herrmann 1978) model. It was developed by combining Murphy and

O'Brian's relation 1978) based on worldwide data, mostly WUS:

log 10 a = 01418+ 0.24M - 068 log 10 R + K , (3-3)

with an approximation to the Gupta-Nuttli 1976) relation giving the

attenuation of intensity in the CUS. The free parameter K was selected using

the little available Central United States (CUS) strong motion data.
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Because the Nuttli-Berrmann model was restricted to only peak

acceleration, we needed to develop a model similar to it but with several

changes. First, we felt that there were insufficient data for us to determine

a free parameter at all spectral ordinates. Second, we felt that the very

slight reduction in the standard deviation obtained by using the model

log GM = C 1IS+ 2 + 3 log R + C 4 ' (3-4)

as cpared to Eq. (3-2a), was lost in the considerable uncertainty introduced

by the relation between M (local magnitude) in Eq. 34) and I or (m b )E

in Eq. 31). Thus, we used the form of Eq. (3-2a) and data Set I in our

regression analysis. The results of this regression analysis are given in

Table 54 of Appendix A. To complete our model we used the attenuation of

intensity relation developed from the 1968 Southern Illinois earthquake:

I s - I - 035 - 0.0046R - 0313 In R (3-5)

and combined it with Eq. (3-2a) to complete our ground motion model for soil

sites. The coefficients of the resulting equation

1 n (GM) = C 1 + 2I0 + 3 R + C 4 In R (3-6)

are given in Table 5-5 of Appendix A. For those experts who preferred to

express the seismicity in m b (Lg), we used the relation

I 0 = 2m b(Lg - 35 (3-7)

prescribed by most of our expert panel members to convert Eq. 36 to

magnitude. For example, if the GM variable is PGA, using Table 5- of

Appendix A and Eq. 36) we find that

In a = 0.015 + 1.14m b 0.0026R - 0.51 ln R (3-8)

Finally, we corrected for rock sites using the coefficients given for Set in

Table 32. Figure 31 compares the Nuttli-Herrmann model (denoted as D-1 to

our model Eq. 38), denoted as D-2.
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FIG. 31 Comparison of ground motion models. The value at which the ground
motion models are evaluated is mb = 5.5.
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3.6.2 Magnitude Weighted Models

While not totally free from conceptual problems, magnitude-weighted models

appear to be preferable over distance-weighted models. For example, Nuttli

argues (see Appendix E of Volume 5) that magnitude weighting uses the same

site intensity and magnitude for WUS and EUS earthquakes but different

epicentral distances. For this method the frequencies of the peak

accelerations and velocities should be more nearly equal. This is because the

magnitude is the same for both earthquakes and because the WUS site is nearer,

which tends to compensate for the higher absorption rate in the WUS. But the

WUS time history will be shorter than that of the EUS, because dispersion

becomes more important as distance increases.

Tb develop the necessary relation, we computed the coefficients C in

Eq. (3-2b) by a regression analysis, using the data of Set 2 restricted to

soil sites. We also weighted the regression by the total number of records

from any given earthquake to insure that the San Fernando data does not

overwhelm the results. The results of this analysis are given in Table 53 of

Appendix C.

To complete the development of this ground motion model, we must combine

Eq. (3-2b) with some intensity attenuation model of the form of Eq. 31) To

do this requires using some relation between M Land (m b) Wand then some

relation between b(Lg) and (m b)W' These relations are discussed

briefly in paragraph 43 and in some detail in Chung and Bernreuter 1980).

Their 1980 report was incomplete when we constructed our ground motion models

for the sensitivity studies, so we used the Nuttli relations developed by one

of our panel members:

mb = 0.98M L 0.29 (a)

(3-9)

(m b) E= mb(Lg) = (mb)W (b)

and Eq. 37) to relate I to mb(Lg).

We developed two magnitude-weighted models for our sensitivity study. For

one model we used the semi-theoretical intensity attenuation model developed

by Gupta and Nuttli 1976). The Gupta-Nuttli model is based on smoothed
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isoseismals from a number of earthquakes. A theoretical attenuation was fit

to the data points by a regression analysis. The resulting relation is

(I S -I0)ISO 3.7 - 0.0011R - 117 ln R . (3-10)

For the purposes of this study, we wanted to use the median distance at

which a given intensity level was representative. The relation in Eq.(3-10)

gives the isoseismal distance at which a given intensity level is

representative. We judged that reducing this equation by one-half of an

intensity unit would reasonably approximate the median intensity level.

Making this correction we obtain

IS- I = 32 - 0.0011R - 17 ln R (3-11)

To complete our model we combined Eq. 311) with Eq. (3-2b) and Eq. 39 to

obtain

1n GM = C + 2I0 + 3R + C4 ln R (3-12)

The coefficients, C. are given in Table 54 of Appendix C.

If we make the required substitutions from Table 54 of Appendix C,

Eq. 37), and Eq. 39), we obtain for the PGA the relation

ln a = 074 + 1.12m b 0.0007R - 0731 ln R . (3-13)

This model, labeled M-1, is also compared to the distance-weighted models D-1

and -2 on Fig. 31, and it is generally referred to as the Gupta-Nuttli model

in the Appendices of this report.

In order to obtain a model which approximates the far-field attenuation of

ground motion in Nuttli's theoretical model (discussed below), we also

developed a ground motion model using the Ossippee attenuation of intensity

given by

I I .774 - 0.0117R - 030 ln R (3-14)
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This equation was combined with Es. (3-2b) , 37) , and 39) . The

coefficients are given in Table 5-5 of Appendix C. The Ossippee model,

labeled M-2, is also shown on Fig. 31. For reference, the PGA is given by

ln a = 0.78 + 1.12m b 0.007R - 019 ln R (3-15)

3.6.3 Theoretical Model

Our theoretical model is the semi-theoretical model suggested by Nuttli

(1979). The theoretical element is the attenuation element of the model.

Nuttli assumes that

GM(R) = A R 516 exp(-yR) (3-16)
0

where is a regional absorption coefficient. Eq. 316) is the theoretical

attenuation curve for Lg waves.

Nuttli also assumes that

log Aax 0.5mb (a)

(3-17)

log max - .0m b (b)

The magnitude scaling for peak acceleration is assumed to be the scaling that

results from the Nuttli-Herrmann model discussed above. The scaling for peak

velocity is obtained by simplifying several assumptions about the relation of

peak acceleration, peak velocity, and mb to the theoretical source

spectrum. In addition, it is assumed that the source spectrum of EUS

earthquakes is the sames as for WUS earthquakes, so that the ground motion

observed in the near-source regions of ECJS earthquakes is the same as that

observed for WUS earthquakes. Nuttli also assumed that the predominate

frequency of the ground motion for identical magnitude earthquakes would be

the same between the two regions.

The constant A in B. 316) was expressed in terms of Eq. 317) and

calibrated using the San Fernando earthquake. The appropriate absorption

coefficient for the CUS was taken from Nuttli and Dwyer 1978). Nuttli's

theoretical model, labeled T, is also cpared to the other models on Fig 31.
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It is conceptually simple to extend this model to include the different

spectral ordinates, although it is not completely clear how to scale them with

magnitude at the various frequencies. However, as discussed next, extending

the model to make spectral estimates causes difficulties.

3.7 EVALUATION OF GROUND MOTION MODELS

3.7.1 Scaling for Magnitude

None of the ground motion models developed in paragraph 34 are free from

theoretical problems. This, coupled with the lack of data, makes it difficult

to evaluate the ground motion models developed. As shown in Fig. 31, the

models are in reasonable agreement with each other--particularly in the range

where data is available to calibrate them. Fig. 32 compares the model M-1 to

what little data exists from EUS earthquakes. Fran the comparisons made on

Fig. 31 we see clearly that the other models would also compare reasonably

well to the available data. In fact, on the basis of such comparisons it is

not possible to suggest that one model is better than another.

Several other comparisons can provide some useful insight into the

applicability of the various models. For example, it is interesting to

examine how the different models scale with magnitude. This cparison is

given in Table 33. We see that the magnitude scaling of the different peak

acceleration equations is in reasonable agreement. It is of some interest to

note that if we use the Gutenberg-Richter relation

I = 1.66M - 2.2

in place of Eq. 37), the EUS relations we developed for PGA would scale as

0.92 - 0.95m b' This is in good agreement with McGuire's 1978) results.

There is considerable variation in the way velocity scales with

magnitude. Nuttli and Herrmann 1978) and Nuttli 1979) both used theoretical

considerations and a simplified model to develop how their relations for peak

ground velocity (PGV) scale with magnitude. Considering how much greater (a

factor of 27) their scaling with magnitude is than the other models exhibit,

one might conclude that the simplifications they made were not justified and

need to be re-examined.
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FIG. 32 Comparison of predicted peak acceleration with the available data on
the Central United States (CUS). Comparison uses the Gupta-Nuttli ground
motion model (M-1), with b the term used for body wave magnitude scale.
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TABLE 33. Comparison of magnitude scaling in different ground motion models.

ln (GM) = C 1 + 2 + 3 ln r + C4 r.

Peak Peak

acceleration velocity

Model (C2) (C2)

Nuttli and Herrmann* 1.2 2.3

Distance-weighted Eq. 36) 1.14 1.53

magnitude-weighted (Gupta-Nuttli) 1.12 1.28

Magnitude-weighted (Ossippee) 1.12 1.28

Nuttli Theoretical* 1.15 2.3

western United States--McGuire (1978a) 0.89 1.07

*Converted to natural log from base 10.

Since Nuttli calibrated his velocity model at a level of m b 6.2 (using

San Fernando data), Nuttli's values should be too small at m b = 5 and too

large at mb 7, by a factor of about 27 in either case. Nuttli's

comparison in Fig. 36 1979) with the data recorded by Boore et al. seems to

confirm this. It is also interesting to note that our distance-weighted model

seems to lead to an incorrect scaling with magnitude. This accounts in part

for the large velocities obtained using this model. They are discussed in

Section 5.0.

One difficulty with both Nuttli's 1979 model and the magnitude-weighted

models is the need to interrelate M L, (mb )W, and m b(Lg). The results

given in this report were obtained using Nuttli's relation. However, as this

report (paragraph 43) and Chung and Bernreuter 1980) both discuss, the data

seems to support a different relation. It is difficult to evaluate what error

might be introduced into Nuttli's model because of the possible systematic

difference between (m b) and (m b)E.

Nuttli 1979) directly calibrated his BUS model using the measured m b

value of 62 for the San Fernando earthquake. If the Chung-Bernreuter 1980)

model had been used, the (m b)E would have been taken, which is equal to

5.9. This would suggest that Nuttli's model has a potential error of 03 m b

units too large. By use of Eq. 317), this translates into a factor of 14

too large.
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However, the question is not so simple, because a slightly different

approach ould have been taken--we could have gone from M L to m b' The

MLof San Fernando is generally taken as 64; using the Chung-Bernreuter

model, this would result in an (m b )Eof 6.3--very close to the value used

by Nuttli. The relation between M Land mb(Lg) enters the

magnitude-weighted models in a more complex way than in the Nuttli model,

through the combination of Eq. (3-2b) and B. 31). For example, the

coefficient C3 which multiplies M L for peak acceleration is -0.155 (from

Table 53 of Appendix C). The potential error is that estimates of PGA are 

too small if the Nuttli relation between m b and ML is used rather than the

Chung-Bernreuter relation. The error in peak ground velocity (PGV) is larger

as C3 0.179; hence, using the Nuttli relation means that the estimated PGV

is about 6 larger than if we had used the Chung-Bernreuter relation. We can

conclude that the errors introduced by the regional variation in the magnitude

scales using the magnitude-weighted model are not very significant.

3.7.2 Correction for EUS Attenuation

We point out in paragraph 36.3 that it is onceptually simple to extend

Nuttli's model to include the spectral ordinates at various frequencies. The

extension is made by using Eq. 316) and the assumption that if the

near-source-region ground motion in the EUS is the same as in the WUS, then

the magnitude scaling for both regions is also the same. it follows that the

constant A in Eq. 316) is the same for both the EUS and WUS; the only

difference between EUS and WUS ground motion is due to the regional absorption

coefficient.

Thus we can write

GM(R) = exp(-y R) E

GM(R) W exp(-yWR)

or GM(R)F = GM(R) exp (YW YE)R] (3-18)

Nuttli and Dwyer 1978) give empirically determined values of YE = 0006 km

for the CUS at 10 Hz and an estimated value of YW = 0045 km at 10 Hz, which

is consistent with the values used by Nuttli in his ground motion model. If
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we use these values in Eq. 318), we conclude that the ground motion in the

EUS, at 10 Hz and R = 130 km, is 160 times larger than in coastal California.

This does not match what is observed. For example, if we take the ground

motion parameter, GM, in Eq. 318) to be the Fourier amplitude spectrum of

the acceleration, we can compare the estimates for a "typical" WUS earthquake

to what little data exists for CUS earthquakes. For the typical WUS

earthquake we chose the model that McGuire (1978b) developed by regression

analysis on the CIT data set. Table 4 of Nuttli 1979) gives Nuttli'S

relation between Mb and ML' From this table we find that an m b = 5

earthquake corresponds to an M L = 54 earthquake. Using a value of

ML = 54 and R = 130 in McGuire's equation for the Fourier amplitude

spectrum ordinate, 10 Hz as a function of ML and R results in a value of

(GM) = 17 cm/s .

Using this value for (GM) W in Eq. 314) results in an estimate of the

Fourier amplitude spectrum of the ground acceleration at 10 Hz and 130 km:

(GM) E 27 cm/s .

A number of records were obtained from Herrmann 1977) on an earthquake

with an b of 5.0 located in the CUS at a distance of approximately 130 km.

The record at Tiptonville S20E component had the maximum ground motion at the

distance. We computed the Fourier amplitude spectrum from this component and

obtained a smoothed estimate i

(GM) = .91 cm/s .

At higher frequencies the problem gets even worse. At lower frequencies the

problem eventually disappears. The cause of the difficulties associated with

the form assumed by Eq. 316) are discussed in Bernreuter 1980) and Chung

and Bernreuter 1981).

Nuttli's most recent work 1981) suggests that Q is not a constant but

varies significantly with frequency. This new model would remove the above

difficulties.

Both the magnitude- and distance-weighted models result in estimates of

ground motion that are too low in the near-source region and too large in the
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far-field region. This is caused by the use of site intensity as the

intermediate variable, a point of discussion in Cornell et al. 1979) and

Chung and Bernreuter 1981). the Cornell paper shows that the total variance

associated with a move from (I0 R) to (Is) for WUS ground motion data is

about 06 to 0.8. This is based in part on a variance of 043 going from

(I0 R) to I. For EUS earthquakes we typically find that the variance

associated with estimating site intensity is approximately I intensity unit.

Although it is possible to ompute the value of the variance that results from

this combination in the WUS cputation is not possible in the EUS. We used

a variety of values for the variance, ranging from 036 to 0.81 or standard

deviation (In GM) 06 to 09. This large variance, coupled with both the low

GM attenuation in the EUS and the systematic modeling error of over-estimating

the mean, results in large, distant earthquakes contributing significantly to

the seismic hazard at the longer return periods. One reason for using the

Ossippee attenuation model was to have a model that reduced the systematic

far-field error.

Nuttli's earlier model should give better estimates of the ground motion

than the other ground motion models, at least for peak acceleration, because

of the manner in which it was developed However as Nuttli pointed out, the

model is not valid for R at less than 20 km because of his assumed attenuation

model. As Fig. 31 shows, Nuttli's model for PGA in the far-field is lower

than the other models. This appears reasonable, although it is not clear what

variance should be used for Nuttli's model. A value consistent with WS data

seems reasonable.

3.7.3 Correction for Site Factors

As discussed in paragraph 35, two different soil-to-rock models were

developed. They represent two extremes--the first model was not weighted, and

in the second model each data point was weighted by the total number of data

points obtained from the earthquake. In our view, the best approach to use is

somewhere between these two, although it is not at all evident just how we

could best weight the data. It is generally agreed that sme weighting is

required, since the data from the San Fernando earthquake makes up about

one-half of the data set. Table 32 shows that the two models differ

significantly at the longer periods and peak ground velocity. This came as

somewhat of a suprise. Because we did not expect to see much difference
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between the two approaches, we did not develop the second model until after

the sensitivity studies contained in Appendix were completed. After careful

review we feel that the unweighted model is better for two reasons. First,

only for the San Fernando event do we have enough data recorded at several

soil and rock sites from a single earthquake (fixed-earthquake source

parameters) to make it possible to get a direct measure of the generic

difference between rock and soil sites. Second, because of the weighting by

total number of records per earthquake, the rock data that carry the most

significant weight in the regression analysis are all from smaller earthquakes

recorded at distances of less than 15 km. The other data, from San Fernando,

Parkfield, etc., count for a little more than one data point. We feel this

results in a very poor distribution of data for determining the generic

difference between rock and soil sites at longer periods. Finally, the

weighted model contains only about five rock data points--four single points

and the rest weighted data; three of them came from the 1935 Helena earthquake

and its aftershocks.

The simple soil-rock classification procedure we used can only account for

very average differences between soil and rock sites. In some cases it might

be necessary to introduce additional site correction factors to account for

special-site soil column conditions. For example, many EUS sites are rather

shallow sites of very stiff, highly overconsolidated tills, overlying very

competent bedrock. Such site conditions are not typical of WUS sites. This

problem is discussed by Bernreuter and Chen 1981).
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4.0 SPECTRA BASED ON REAL RECORDS

4.1 INTRODUCTION

Two of the four methods for developing site-specific spectra discussed by

Bernreuter (1979a) are based on a selection of real records. The general idea

behind the use of real records is to follow the basic deterministic approach

of Appendix A to 10CRF100. In place of moving the earthquake "to the site," a

set of near-field records that are appropriate for each site's seismic hazard

are chosen; a composite spectra can be generated by directly averaging the

records together to compute the average and a spectra. Another method is to

scale the set of records to the same peak acceleration and them compute the

average spectrum. The average spectrum can then be scaled to the peak

acceleration at 200-, 1000-, and 4000-year return periods to compare to the

a spectrum from the actual records and to the uniform hazard spectra that is

also part of this study. The formal application of this approach to the

various SEP sites was performed by the NRC staff and is discussed in Jackson

(1980). In this section we discuss the criteria used to develop the real

spectra used by the NRC staff.

We feel that the directly averaged spectra--without any scaling--provide a

useful comparison to ensure that the complex subjective models developed from

our questionnaire and our ground motion models have not led to "unreasonable'

results.

4.2 FACTORS INFLUENCING CHOICE OF RECORDS

The real key to the success of this approach is the selection of an

adequate set of real records. Ideally, we would use estimates of site

intensity at the site taken from the detailed seismic hazard analysis for each

site, and determine which source regions contribute most to the seismic

hazard. This, then, would guide us in choosing records.

The main drawback to such an approach is that many of the records from

smaller earthquakes that are most appropriate for our analysis occurred in
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remote areas; hence, it is difficult to associate a site intensity--or even an

epicentral intensity with them. The selection of records must be based

primarily on other considerations such as:

0 Magnitude range of earthquakes that could occur near the various

sites.

• Epicentral distance and depth of the earthquake.

• Site type of the recording station.

Range of source parameters and focal mechanism of the earthquakes

expected vs those recorded.

Considerable uncertainty is associated with each of the above parameters.

The magnitude and locations of smaller earthquakes are less certain than for

larger events. Equally important is the difficulty of relating an EUS m bor

mb(Lg) to a WUS mbor ML'

our questionnaire dealt with the question of how deep EUS earthquakes

are. Respondants suggested that they are generally less than 30 km deep.

Thus, very deep events should be excluded. There is no clear cut-off for the

maximum epicentral distance that should be included. As more near-field

records are obtained it will be possible to study this effect.

one of the major differences between the EUS and the WUS is the existence

of a high shear-wave velocity rock near the surface in the East. There are

too few similar site conditions with available records to make any judgmefit on

this effect. Overall there are so few records that we must be content to

classify simply by soil or rock.

We know almost nothing about the source parameters and focal mechanisms of

larger EUS earthquakes. Our questionnaire also dealt with possible

differences in source parameters and focal mechanisms between the East and

West. No consensus appears to exist. In addition, there are so few records

available that it is not clear what could have been done even with a

consensus. At some later date, when the influence of focal mechanism on

strong ground motion is understood, it might be possible to consider this

factor.

4.3 RELATION BETWEEN mbAND ML

The magnitude of earthquakes in the ES is generally measured in terms of

mband m b(L9), and for a few larger earthquakes surface wave magnitude

(MS) is also known. For Western earthquakes, generally ML and sometimes
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mb and or M are known. Generally only M L is available for the smaller

earthquakes What we need, then, is a relation between m b of an Eastern

earthquake and the M L of a Western earthquake with the same energy release.

As Chung and Bernreuter 1980) discuss, it is not easy to get the required

relation because:

• mb in the West is different than in the East due to attenuation

differences.

• mb is significantly different than M L, and only M L is known for

many of the earthquakes for which we have strong motion recordings.

• the m b scale changed in the early 1960's.

Chung and Bernreuter 1980) suggest that the significantly larger Q and the

EUS can lead to a few tenths of a magnitude unit difference. Thus, for the

same 'energy release" the m b of the earthquake in the East would be larger

than in the West. That is

(m b)W (mb )E - 6�3-w (4-1)

where A E-W 0.3 is the difference caused by the greater attenuation of the

1 Hz P waves in the WUS as compared to the EUS. Chung and Bernreuter 1980)

combined this equation with the data from Nuttli et al. 1979) and found that

ML = 057 + 0.92(m b)E ' (4-2)

Nuttli suggests the relation

ML = 03 1.023m b (4-3)

and

(m b)E = (mb )W

Table 41 shows that local magnitudes obtained from Eq. 43) are about

0.3 units larger than those obtained from Eq. 42). This difference is

primarily due to Nuttli's assumption that (m b)E = (mb)W, Chung and

Bernreuter argue that Eq. 41) is correct. It should be noted that there are

very few large events where mb is greater than 6 hence, extrapolation

beyond this range is not really valid.
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TABLE 41. Values of local magnitude (M L) f or (mbE arrived at by Bgs.

(4-2) and 43).

True body wave

magnitude scale Local magnitude Local magnitude

(M b) by Eq. 42) by Eq. 43)

4.5 4.7 4.9

5.0 5.2 5.4

5.5 5.6 5.9

6.0 6.1 6.4

6.5 6.6 7.0

7.0 7.0 7.5

4.4 ADEQUACY OF SAMPLE

Even if we do not concern ourselves with the potentially large variation

of the local site-soil column, it is clear that the set of real earthquake

records in the range of 48 < ML < 63 is not a good statistical sample.

Many smaller events cause little damage and occur in remote areas; because of

this we seldcxn get near-field recordings. If we do get a near-field

recording, but without significant ground motion, the record may not be

processed--or if it is processed the record remains unavailable. Finally,

processing is not uniform. Thus, there is a considerable bias in any such

data set. In addition, smaller earthquakes are not located as accurately as

larger earthquakes. Thus, the epicentral and hypocentral depths assigned to

these smaller events is often very uncertain.

As the data sample becomes somewhat more complete, we must expect some

changes in the average spectra developed from incomplete data sets.

4.5 RECORDS USED AND SPECTRA GENERATED

In the preceeding sections we discussed some of the main considerations

that influenced our choice of real records. One point we made was that

although it would be useful to use both site and epicentral intensity as key

elements in our selection of records, this is difficult to do because we

cannot associate a meaningful intensity with many of the strong motion records
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for smaller earthquakes. Thus, we are limited to using magnitude, epicentral

distance, and site type as our criteria.

As previously discussed, we felt that we could not refine the division of

site type at this stage any finer than soil or rock, and thus we focused on

the generic issues of seismic hazard estimation. We have not attempted to

include the potential effect of the local soil column in the analysis; at some

SEP sites this could be significant.

The choice of the magnitude range for each site requires considerable

judgment and careful review of the local tectonics for each site. This is

because one is attempting to limit the earthquakes being considered to those

that are consistent with Appendix A to 10CFR100. According to some experts in

our probabilistic hazard analysis, the upper limit earthquake is often larger

than the largest historical event. However, this upper limit event is not

generally the magnitude that should be used to choose real records.

We selected two magnitude ranges to develop our real spectra for comparing

to the uniform hazard spectra:

4.8 < mL < 5.8 (centered at M L = 53)

and (4-4)

5.3 < ML < 63 (centered at ML = 5.8)

These correspond roughly to intensity VII for the set centered at M L 5.3 and

intensity VIII for the set centered at K 5.8. These two sets coupled with

the division of two site types gives us four groups of earthquakes.

Our approach here was to use all of the available records that fit into

one of the four sets and had epicentral distances of less than 25 km; however,

there were some exceptions. Table 43 of Appendix A shows the records we

chose. It should be noted that many of the records in this table have not

been uniformly processed, so the longer period information is not reliable.

The high-frequency end was not filtered and a digitization time step of

0.005 s was used. The spectra for the records taken from the CIT set were

used as they appear in Volume III.
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For each of the four sets we computed the following:

(1) the median M(S V ) for each period, assuming that the spectral values are

lognormally distributed using the relations

M(SV [exp E(ln SV)] (4-5)

where S pseudo relative velocity response spectrum and

N
M ln (SV (4-6)

E(ln S V = i
N

N = the number of records used. Each component counts as one record.

(2) the variance of the log of at each period using the relation:

2 N (ln S 2 [E(ln SV]2
V (4-7)

ln S T -
V i=1 N 1

(3) the mean, E(S V) for each spectral ordinate, assuming that the spectral

values are lognormally distributed using the relation

E(S M(S ) exp(1/20 2 (4-8)
V V ln SV

1
(4) the a spectrum 84.1 percentile), for each spectral ordinate

assuming a lognormal distrubution using the relation

I
S = M(S ) exp(a (4-9)

V V ln SV

(5) Envelope spectra were also developed for each set.

In addition, each record was scaled to unity by dividing by peak

acceleration, and all four items were computed at each period using the scaled

records.

E(S ) and S 1 are plotted on Figs. 47 to 410 and a number of other
V V 1

figures in Appendix A. Plots of M(S V), SV and envelope spectra were

provided to the Geosciences Branch of the NRC and were used in their

assessments as discussed in Jackson 1980).
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Table 42 gives the median and a values for the peak acceleration for

each of the four sets of earthquakes, as well as the number of earthquakes

making up each set. We see from Table 42 that the difference between the 53

set for soil and the 5.8 set for soil is much less than one might expect from

the way PGA is assumed to scale with magnitude. The same is true for the rock

sets. However, the differences between the rock and soil sets are much larger

than indicated by Table 32. One problem with our data sets is that all of

the parameters (magnitude, site conditions, and distance) vary significantly

between earthquakes.

4.6 MAGNITUDE EFFECTS

Because our data sets are so incomplete, it is useful to theorize about

the influence of magnitude on ground motion. Although magnitude should have

some important effect on spectral shape and level, it is often difficult to

sort out these effects from other variations and processing errors.

Processing errors are very important, particularly when the signal level

approaches the noise level. The noise level at both the long and short

periods is very significant for typical accelerometer data and often makes

interpretation difficult. Keep this in mind when reviewing the following

comparisons.

It is difficult to predict what effect we might expect to see on the

spectral shape and level as a function of magnitude, because the various

magnitude scales are very narrow-band pass measurements. The magnitude scales

are all empirical and only approximate relations between ML or M and the

TABLE 42. Median and a peak accelerations and number of earthquakes for
2each set of real records. Peak accelerations are given in cm/s

Rock soil

Set a peak Number of 1 a peak Number of

center -Median acceleration earthquakes Median acceleration earthquakes

5.3 70 169 10 103 218 23

5.8 92 234 12 112 256 23
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source parameters of an earthquake can be derived. For example, Thatcher and

Hanks 1973) assumes that the free-field displacement is given by Brunes'

model 1970) along with several other simplifying assumptions to obtain the

relation

ML log M 0 32 log f 0+ constant (4-10)

where M seismic moment = Ca

f3
0

f0 = corner frequency, and c = static stress drop. Eq. 410) can be

written as

ML = log - 32 log f 0+ constant (4-11)

The Fourier amplitude spectrum of the displacement plus FS d (Rw) is given by

FS (Rw) = KAa 1 (4-12)
d Rf 2 f2

0

where R = epicentral distance.

For our needs, it is more instructive to look at the Fourier amplitude

spectrum of the acceleration FS a (Rw) rather than the displacement. These

two spectra are related (at the same R by

FS (RW) w.2FS (R, CL) (4-13)
a d

We can also replace the stress drop with the seismic moment to get

m f 2 2
FS (Rw) = K 0 0 W (4-14)

a 1 R W 2+ f 2
0

If we use Eq. 410) to get into Eq. 414) we get

1/2 10 M L W 2FS (RW) = K f - (4-15)
a 2 R W2 + f 2

0

The high-frequency limit is civen by

K f 1/2 10ML
(FS 2 (4-16)

a max R
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We can draw several useful conclusions from these equations. First, we

see that the ground motion from an earthquake is a function of two parameters:

stress drop and corner frequency. However, in terms of parameters that we can

measure, seismic moment and corner frequency are the two prime quantities.

Both corner frequency and seismic moment can be obtained from the Fourier

amplitude spectrum of the ground displacement. Seismic moment can also be

computed from the relation

M0 = PdA , (4-17)

where Vd average dislocation and A = area of fault The two approaches

to obtaining the M 0 are in reasonable agreement with each other. Thus, just

knowing the magnitude of an earthquake is not sufficient to define the

potential ground motion an earthquake can generate.

Figure in Thatcher and Hanks gives some measure of the potential

variation in f0 . First, it is clear that as M L increases f0 decreases,

i.e., the size of the rupture area increases. Second, it is seen that for a

given MLl f0varies about order of magnitude when the magnitude ranges

from 45 to 65.

we are combining two groups of earthquakes that have a range of a little

over magnitude unit and are hopefully represented by two "averaged"

earthquakes that are about 12 unit apart. We see from Eq. 416) that a 12

unit variation in ML introduces systematic changes by a factor of 3 We

also see that the random variation of an order of magnitude in f 0 also

introduces a random variation of a factor of 3 Thus, we would expect the

records in the different groups to overlap considerably.

4.7 DISTANCE EFFECTS

In section 46 we assumed that we were comparing earthquakes at the same

distance R. However, this is not the case--nor in fact do we have a very good

handle on the location and depth of most earthquakes in our data set. In the

near-field this is very important, as changes of to 10 km make a significant

difference. This fact makes it difficult to sort out the effect of

hypocentral distance on the data. The effect of distance enters in two ways:

through the anelastic attenuation and through the geometric attenuation.
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First let us consider anelastic attenuation. Studies discussed by

Bernreuter 1980) show that the high-frequency part of the

spectrum > 2 to 3 Hz) attenuates as the following, which includes both an

elastic and geometric attenuation:

1 (4-18)

Ra(W)

where a(w) 1.5 to 2

There appears to be very little difference in the attenuation rate

between, say, 20 Hz and 3 Hz energy, at least out to about 150 km. Below

about 2 Hz a(w) approaches unity. Thus, errors in hypocentral location are

more significant for the higher frequency end, but it is comforting to note

that the 3 Hz energy is attenuated about the same as the 20 Hz energy. The

point here is that if the seismic energy is attenuated as

- 1TW (4-19)exp( ;_R)
CQ

where C = appropriate group velocity (constant), Q = quality factor (constant),

= frequency (Hz), and R = hypocentral distance, then errors in R could

lead to significant distortion of the high frequency end of the spectrum.

However, since the high frequencies appear to attenuate uniformly, simple

scaling by peak acceleration is justified. Frequencies below 2 Hz may be

amplified too much by peak acceleration scaling.

The potential error in the distance term is more important in the very

near field as we can see from Eq. 418). According to Bernreuter 1980 and

1981), an error of R for the same ML and f0 causes an overall error in

peak acceleration of

AR 1.8 (4-20)
( + )R

For smaller events we seldom know R at distances better than km. At

R = km this leads to an error of a factor of 2 at R = 20 km, an error of a

factor of 1.5; and at R = 30 km, a factor of 13 error. The high-frequency

spectral levels >2 Hz) attenuate about the same as peak acceleration; thus,

errors in R have about the same influence on the level of the response

spectrum.
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4.8 CONCLUSIONS

We conclude that we won't see too much difference between groups of

averaged spectra unless the earthquakes in our sets are "similar', i.e., they

have approximately the same stress drop and hence the same corner frequency

for the same ML' This raises two key questions: (1) are the "average"

earthquakes in the EUS significantly different than the ones in our data set?

and 2 are the earthquakes in the EUS more likely to be similar, (i.e., have

less variation in f0 , Au, and depth) than our set of earthquakes? There

is no way to answer these questions at this time. However, what little data

we do have from the CUS does not show significant differences between

earthquakes in the EUS and elsewhere in the world. But we do not know if we

should choose a set of earthquakes with, say, a small source dimension (high

f0) rather than just a general set.

Based on Eq. 418) and its implication, we might also conclude that

averaging the scaled spectra may offer enough accuracy for nuclear power

plants. The spectral level for frequencies lower than 2 Hz will be

over-corrected, but for stiff structures this isn't too much of a problem.

Similar conclusions were reached by Cornell et al., 1979).
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5.0 DISCUSSION OF RESULTS

5.1 BACKGROUND

As noted in Section 1.0, one of the purposes of this report is to tie

together several studies performed as part of the Site Specific Spectra

Project (SSSP). Each of the reports in Appendices A, B, and C has a complete

Discussion of Results section which contains a number of useful insights. No

attempt is made here to summarize those discussions. instead, we want to put

the various appendices in proper perspective, fill in a few gaps in the

discussion, provide some additional sensitivity studies, and draw overall

conclusions.

To gain perspective on the appendices, it is worthwhile to note that

Appendix A was originally conceived to be our final report. After reflecting

upon the results presented there and the extensive review comments summarized

in Volume 5, several items were identified which clearly required more study.

The most important items were: (1) the distance-weighted model led to

velocities which seemed unreasonably large, 2 some concern was expressed by

our reviewers about the way we handled the background and the credibilities

given to each zone by the experts, 3 the sensitivity of the results to

ground motion model uncertainty was not evident from the results given in

Appendix A, 4 we saw the need for a feedback loop through our expert panel,

panel, and (5) we felt the need to compare our results to other seismic

hazard analyses made for the US. These considerations led the NRC to provide

additional funding to extend the scope of work and address these items, which

are documented in Appendix of this report and in Volume 

Because judgments were required it was natural that differences developed

between LLNL and TERA concerning the values of various parameters. The main

body of this report (Volume 4 represents LLNL's judgments and not necessarily

TERA's or NRC's. Appendix A more fully represents a joint effort between LLNL

and TERA. (the NRC's judgments are discussed in Jackson.) Appendix C gives

TERA's views as a separate report and contains a detailed comparison of our

results and those of other seismic hazard analyses% for the EUS.
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It must be kept in mind that the "bottom-line' type of results were

developed by NRC. The overall goal of this project was to provide the results

and sensitivities needed to arrive at the type of judgments contained in

Jackson.

5.2 SUMMARY OF APPENDIX A

The results of Appendix A were obtained using a single ground motion model

which we have labeled in this report as a distance-weighted model. The ground

motion model is defined by

In GM = C1 + 21 + 3R + C4 In R.

This model is characterized by the following:

• Coefficients C are given in Table 5-5 of Appendix A.

• Lognormal distribution is assumed.

• A value of 09 is assumed for the standard deviation of n GM)

• Distribution is truncated at two standard deviations, i.e., at

approximately six times the mean.

All results given in Appendix A are for the background case discussed in

Volume 2 Interpretation .

Results achieved using the different experts' zonation and earthquake

occurrence models are presented for each site in Section 6 of Appendix A.

Real spectra are also given in this section. It is important to note, as

discussed in Section 4 that the mean--not the median--and spectra

(0.841 cumulative probability) are plotted.

The tables in Section 6 of Appendix A provide synthesis values for peak

ground acceleration and velocity. These tables show that the ratio of v/a for

the synthesis varies from about 58 to 92 in/s/g at the 1000-year return

period. This ratio seems excessive; Newmark 1973) recommends using a value

of 48 in/s/g be used at soil sites and 28 in/s/g for rock sites. Several

elements of the distance-weighted ground motion model led to these large

velocities.

First, as discussed in Section 37 of this report, the magnitude scaling

of peak velocity in the distance-weighted model seems too large as compared to
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WUS data and the other models developed. Table 33 shows that velocity scales

at 1.5 M, for the distance-weighted model as compared to about 13 M for the

other models. For larger magnitude earthquakes the distance-weighted model

will lead to significantly larger velocities.

Second, the distance-weighted ground motion model used was based on the

attenuation of intensity of the 1968 Southern Illinois earthquake. As can be

seen from Figure (5-1) of Appendix C, this earthquake has the slowest rate of

attenuation. Hence, the larger, more distant earthquakes contribute to the

loading at the site are significantly than from some other ground motion

models.

Finally, the large value of the uncertainty used with a 2 a cutoff also

contributed to the large velocities. The spectral ordinates for periods

longer than about 0.5 s also suffer from the same problem as velocity does.

5.3 SUMMARY OF APPENDIX 

Appendix contains a report on our extensive sensitivity study. Because

of SEP schedule needs, much of the study had to be completed before we had the

results from our EUS Ground Motion Model Panel, and thus there is no reference

to this panel in Appendix B.

The main point addressed in Appendix B is the senstivity of the resultsto

0 The interpretation of the credibilities in zonation--Interpretation 2

vs Interpretation (discussed in Volume 2.

0 The choice of the ground motion model, including the uncertainty

associated with the ground motion model.

0 The choice of an unconstrained time period versus the 1000-year

period used in Appendix A.

To help explain the factors controlling the seismic loading at the various

sites, we discuss additional sensitivities, e.g, we indicate which zones

contribute most to the loading for various experts, examine them, and discuss

why certain experts are much higher or lower than the majority.

Three basic ground motion models are used in Appendix B. One is referred

to as the August, 1979 model and is the distance-weighted model used in

Appendix A. The other two models are referred to as January, 1980 (Ossippee)

and January, 1980 (Gupta-Nuttli). These are the two magnitude-weighted models
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discussed in paragraph 34 of this report. Figures 6 and 7 of Appendix 

compare the sustained ground acceleration for several models for 5.5 and 65

magnitude earthquakes.

The results presented in Appendix show that, in general, the change from

background to no-background reduces the load at the various sites by 1 to

25%. This point was discussed at some length with our EUS Seismicity Panel in

our feedback meeting and is documented in Section 40 of Volume 5. Most panel

members thought that the background concept was the best approach.

The results also clearly show that the ground motion model and the

uncertainty associated with the ground motion model is of considerable

importance. Increased uncertainty always drives the loading up. However, the

influence of the shape of the mean varies considerably from site to site. The

magnitude-weighted models always resulted in much lower velocities, as would

be expected for the reasons discussed above.

5.4 SUMMARY OF APPENDIX C

Appendix C represents TERA's final report. Because of certain differences

in views and judgments, it was decided that the results of the project would

be best documented by an overall re sults report written by LLNL, giving LLNL's

views and including all of the sensitivity results and real spectra. TERA's

views would be given in a separate document which would represent their final

report. Thus certain areas of the reports overlap.

Section 6 of Appendix C explores additional sensitivity studies at two

sites--Dresden in the CUS and Yankee Rowe in New England. These results point

up the importance of how the credibilities of the experts are treated and how

the uncertainty associated with the ground motion model is handled.

A very important part of Appendix C is the section comparing this study to

four other hazard studies. This section includes a pseudo-historical

comparison for Dresden and Yankee Rowe, using a pseudo-historical analysis

based only on the historical record with some ground motion model. The

comparisons are shown on Fig. A-1 and A-2 of Appendix C.

40



5.5 ADDITIONAL SENSITIVITY STUDIES

The experts of the EUS Ground Motion Model Panel expressed a preference

for using Nuttli's 1979 theoretical model, which is discussed in Section 30.

Although it was riot possible to fully implement the model, we did determine

peak accelerations and velocities for all the sites. As Nuttli does not

distinguish between rock and soil sites, no correction was entered into our

analysis for the rock sites. Nuttli does not give the exact equations for his

model; however, he does provide plots which we used to develop an

approximation for use in our hazard analysis program. We converted Nuttli's

sustained acceleration to peak acceleration using the 14 factor he suggests,

approximating his model for peak acceleration by

In a = 148 + 1.15m b CAR - 08333 n R , (5-1)

where C A = the adsorption coefficient shown in Nuttli's Table 6 C A

was approximated by

CA 0.0136 - 0.00172m b (5-2)

The sustained velocity was converted to peak velocity by the 175 factor

Nuttli suggested. We approximated Nuttli's 1979) model for peak velocity by

In V = 7.86 + 2.3m b CVR 08333 n R , (5-3)

where we approximate the absorption coefficient by

CV = 00076 - 0.00099m b ' (5-4)

As discussed in paragraph 35, we thought that the magnitude scaling in

Bq. 53) was too strong; therefore, we also used a modified velocity model to

correct for the magnitude scaling given by

In V = 0.963 + 1.15m b CVR - 0833 n R (5-5)
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Eq. (5-5) was fit to Eq. 53) at mb = 60. Thus for an mb of less than

6, Eq. (5-5) results in higher velocity estimates than Eq. 53) but lower

estimates where mb is greater than 60. Tables 5-1 to 59 provide the

results of this analysis using Es. (5-1), 53), and (5-5). To span the

range of models we ran the no-background case for the models provided by

Experts 8 9 and 10 for the CUS sites and Experts 3 8, and 10 for the EUS

sites. Two different values of uncertainty were used. One set was for a

value of a (log of a and V) = 09 with a 2 a truncation; the other was for a

value of (log of a and V = 07 with a 3 truncation. To account for the

fact that Nuttli's model was based on a point source attenuation, we truncated

Eqs. (5-1), 53), and (5-5) at two different values of RT: 10 and 30 km,

i.e., for values of R less than RT we set them equal to RT. For most

sites the choice of R T has considerable influence on the PGA but much less

influence on PGV. This suggests that for many sites the near-site earthquakes

control the acceleration, but larger, more distant earthquakes control the

peak velocity. This is one reason why the uniform hazard spectra are so much

higher in the longer periods than the sets of real spectra developed in

Section 40.

There is considerable disagreement in the literature about how to

extrapolate into the near-source region. Thus, it is not clear what the

appropriate value of RT is. Our view is that our two values of R T bound

the appropriate value. At longer return periods nearby earthquakes clearly

become important at all sites. All the ground motion models have similar

truncation uncertainty.

Estimates of the peak velocity vary considerably. In some cases there is

little difference between the two models, and in other cases there are very

significant differences. It should be noted that if we had chosen to

normalize Eq. (5-5) with Eq. 53) at, say, m b = 5.0, we would have seen

much larger differences, with the estimates using Eq. (5-5) much lower than

they are.

The results can be compared to the other ground motion models. We

recommend that the Nuttli theoretical model with a standard deviation of 07

be compared with the distance-weighted and magnitude-weighted models with a

standard deviation of 09, using some average between the results of R T = 0

and RT = 30. Such a comparison is made in Table 5-10. For the CUS, results
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TABLE 5-1. No-background case for Palisades, using Experts 8 9 and 10. The

table shows peak ground acceleration (PGA) and peak ground velocity (PGV) for

200-, 1000- and 4000- year return periods.

Return period

200 years 1000 years 4000 years

Expert Expert Expert
Uncertainty 8 9 10 8 9 10 8 9 10

PGA (cm/s 2) using Nuttli Theoretical model

2 a, = 9 a 31 48 81 62 106 159 107 185 276

2 y, a = 9b 30 47 79 55 99 154 85 160 256

3 cr, a = 7 28 44 72 55 95 145 96 169 247

3 CY, CY = 7d 27 43 70 49 89 137 76 149 227

PGV (cm/s) using Nuttli Theoretical model

2 a, a = a 4 6 32 14 19 99 29 43 191

2 a, c = 9b 4 6 3 2 1 4 19 99 29 43 191

3 cy, a = 7c 4 6 31 13 17 90 26 40 167

3 a, a = 7 d 4 6 31 13 17 90 26 40 167

PGV (cm/s) using Nuttli DLB model

2 cr, a = a 3 6 12 8 13 22 13 21 34

2 a, a = 9 b 3 6 11 7 12 22 11 20 34

3 cr a = 7c 5 6 11 7 12 20 12 19 31

3 a, a = 7 d 4 6 11 7 11 19 11 18 30

aTruncation = 0 km.

bTruncation = 30 km.

cTruncation = 0 km.

dTruncation = 30 km.
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TABLE 52. No-background case for Big Rock Point, using Experts 8 9 and 10.

The table shows peak ground acceleration (PGA) and peak ground velocity (PGV)

for 200-, 1000-, and 4000-year return periods.

Return period

200 years 1000 years 4000 years

Expert Expert Expert

Uncertainty 8 9 10 8 9 10 8 9 10

PGA (cm/s 2) using Nuttli Theoretical model

2 a, a = a 24 39 55 57 91 117 106 174 224

2 CF, a = 9 b 23 38 53 50 84 104 82 152 192

3 = .7c 23 36 49 51 85 107 94 163 203

3 = 7 d 22 35 47 44 76 137 71 135 172

PGV (m/s) using Nuttli Theoretical model

2 a, a = a 2 4 18 8 11 52 16 25 99

2 a, a = 9 b 2 4 18 8 11 52 16 24 99

3 CY, C = .7c 2 4 17 7 11 48 15 22 87

3 a, a = 7 d 2 4 17 7 11 48 15 22 87

PGV (cm/s) using Nuttli DLB model

2 a, ( = .9a 2 5 8 6 11 16 11 19 25

2 c, c = 9b 2 5 8 6 1 1 1 5 1 0 1 7 2 3

3 a, c = .7c 3 5 8 6 10 15 11 17 23

3 a, c = 7 d 2 5 7 6 10 14 8 16 21

aTruncation = 0 km.

bTruncation = 30 km.

cTruncation = 0 km.

dTruncation = 30 km.
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TABLE 53. No-background case for Dresden, using Experts 8 9 and 10. The

table showing peak ground acceleration (PGA) and peak ground velocity (PGV)

for 200-, 1000- and 4000- year return periods.

Return period

200 years 1000 years 4000 years

Expert Expert Expert
Uncertainty 8 9 10 8 9 10 8 9 10

PGA (m/s 2) using Nuttli Theoretical model

2 a, C = .9a 35 84 102 70 200 220 115 364 375

2 CY, a = 9b 34 76 100 64 155 214 100 271 362

3 a, a = 7c 32 77 93 63 174 196 104 325 335

3 C, a = 7d 31 68 91 56 138 189 90 235 318

PGV (cm/s) using Nuttli Theoretical model

a = a
2 a, 6 9 45 19 26 140 39 60 270

2 cr, a = 9b 6 9 45 19 25 140 39 58 270

3 a, a = 7c 6 8 44 17 24 129 35 55 238

3 a, a = 7 d 6 8 44 17 23 129 35 54 238

PGV (cm/s) using Nuttli DLB model

2 c, a a 5 11 14 10 21 28 15 34 45

2 a, a = 9 b 5 10 14 10 18 28 14 28 45

3 a, a = 7c 5 10 13 9 19 25 14 32 41

3 CT, a = 7d 5 9 13 9 16 25 13 26 40

aTruncation = 0 km.

bTruncation = 30 km.

cTruncation = 0 km.

dTruncation = 30 km.
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TABLE 54. No-background case for LaCrosse, using Experts 8 9 and 10. The

table shows peak ground acceleration (PGA) and peak ground velocity (PGV) for

200-, 1000- and 4000- year return periods.

Return period

200 years 1000 years 4000 years

Expert Expert Expert
Uncertainty 8 9 10 8 9 10 8 9 10

PGA (cm/s 2 )using Nuttli Theoretical model

2 (j, .9a 25 47 63 59 105 138 106 189 243

2 a, .9 b 24 45 61 52 97 125 83 161 214

3 c, a = 7c 24 42 56 52 94 124 95 169 218

3 a, = 7 d 23 41 54 45 88 113 73 149 194

PGV (cm/s) using Nuttli Theoretical model

2 .9a 3 5 26 12 15 79 25 34 151

2 .9 b 3 5 26 11 15 79 25 34 151

3 .7c 4 6 25 11 14 71 22 32 132

3 CY, .7 d 4 5 25 11 14 71 22 32 132

PGV (cm/s) using Nuttli DLB model
a = a

2 y, 3 6 10 7 12 19 12 21 29

2 a, a = 9 b 2 6 10 6 12 18 10 19 28

3 r, a = 7c 3 6 9 7 11 17 11 19 27

3 a, a = 7 d 3 6 9 6 11 16 10 17 15

aTruncation = 0 km.

bTruncation = 30 km.

cTruncation = 0 km.

dTruncation = 30 km.
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TABLE 5-5. No-background case for Yankee Rowe, using Experts 8 9 and 10.

The table shows peak ground acceleration (PGA) and peak ground velocity (PGV)

for 200-, 1000- and 4000- year return periods.

Return period

200 years 1000 years 4000 years

Expert Expert Expert
Uncertainty 8 9 10 8 9 10 8 9 10

PGA (cm/s 2)using Nuttli Theoretical model

2 CF, or = a 151 62 152 229 116 322 488 186 543

2 Cr, C = 9 b 127 58 137 244 102 280 386 138 460

3 a, a = 7c 122 50 125 234 95 257 394 134 446

3 a, a = 7 d 102 45 110 191 77 222 305 110 376

PGV (cm/s) using Nuttli Theoretical model

2 a, a = a 9 5 28 22 14 89 41 26 191

2 a, C = 9 b 8 5 27 21 14 88 39 26 190

3 a, a = 7c 8 6 24 18 12 76 34 21 154

3 a, a = 7 d 8 6 24 17 12 76 32 21 153

PGV (cm/s) using Nuttli DLB model

2 r, a = a 16 7 18 30 13 33 47 21 54

2 a, r = 9 b 14 6 17 26 11 31 38 16 50

3 a, a = 7c 14 6 15 24 11 28 38 16 46

3 a, c = 7 d 12 6 14 21 10 25 31 14 40

aTruncation = 0 km.

bTruncation = 30 km.

cTruncation = 0 km.

dTruncation = 30 km.
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TABLE 56. No-background case for Connecticut Yankee, using Experts 8 9 and

10. The table shows peak ground acceleration (PGA) and peak ground velocity

(PGV) for 200-, 1000- and 4000- year return periods.

Return period

200 years 1000 years 4000 years

Expert Expert Expert
Uncertainty 8 9 10 8 9 10 8 9 10

PGA (cm/ 2) using Nuttli Theoretical model

2 a, Cy = .9a 144 94 145 289 206 322 482 349 581

2 F, a = 9 b 120 77 129 230 132 277 364 181 489

3 a, = 7c 117 80 121 228 163 261 384 265 471

3 CT, CY = 7d 97 60 105 180 100 223 288 151 398

PGV (1s) using Nuttli Theoretical model

2 a, a = a 7 4 25 18 11 79 31 21 173

2 cy, = 9b 7 3 25 17 11 78 30 21 171

3 cy, a = 7c 7 5 22 15 10 68 26 17 137

3 a, c = 7 d 7 4 21 14 10 67 24 17 136

PGV (cm/s) using Nuttli DLB model

2 a, or = .9a 15 11 17 28 21 33 46 32 55

2 a, a = 9 b 13 8 15 24 13 30 35 17 50

3 c, a = 7c 13 9 14 23 16 27 37 25 47

3 CT, a = 7 d 11 7 13 19 11 25 29 16 42

aTruncation = 0 km.

bTruncation = 30 km.

cTruncation = 0 km.

dTruncation = 30 km.
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TABLE 57. No-background case for Millstone, Using Experts 8 9 and 10. The

table shOWB peak ground acceleration (PGA) and peak ground velocity (PGV) for

200-, 1000- and 4000- year return periods.

Return period

200 years 1000 years 4000 years

Expert Expert Expert
Uncertainty 8 9 10 8 9 10 8 9 10

PGA (cm/s 2 )using uttli Theoretical model

2 a, a = 9 a 133 88 123 277 166 306 470 256 611

2 CT, = 9b 113 7 8 115 214 124 272 345 165 530

3 a, c = 7c 107 72 103 221 133 252 377 204 510

3 c, = 7d 92 59 96 168 96 220 272 136 441

PGV (cm/s) using Nuttli Theoretical model

2 .9a 7 3 24 16 10 78 29 19 179

2 . 9b 6 3 2 3 1 5 1 0 77 2 7 19 176

3 .7c 6 5 21 14 9 68 24 16 143

3 CT, a .7d 6 3 20 13 9 67 22 16 140

PGV (cm/s) using Nuttli DLB model

2 cr, a = a 15 10 15 28 17 32 45 26 59

2 (1, r = 9b 1 2 8 1 4 2 3 1 2 29 3 3 15 5 2

3 a, a = 7c 12 8 13 22 15 27 36 21 49

3 a, C = 7 d 11 7 12 18 11 25 28 15 45

aTruncation = 0 km.

bTruncation = 30 km.

cTruncation = 0 km.

dTruncation = 30 km.
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for Expert 9 (close to the synthesis) using the Nuttli model (a = 07) are

compared with a direct average for the two values of RT and the synthesis

using the Gupta-Nuttli model. For the other sites we compared the results of

Expert 3 (close to the synthesis for EUS sites) to the synthesis for the

Ossippee model. We see in Table 10 that the results achieved through the

different models are in reasonable agreement.

A few additional sensitivity studies have also been performed on the

Ossippee ground motion model. These are discussed in Appendix D.

TABLE 5-8. No-background case for oyster Creek, using experts 8 9 and 10.

The table shows peak ground acceleration (PGA) and peak ground velocity (PGV)

for 200-, 1000- and 4000- year return periods.

Return period

200 years 1000 years 4000 years

Expert Expert Expert
Uncertainty 8 9 10 8 9 10 8 9 10

PGA (cm/s 2) using Nuttli Theoretical model

2 a, = 9 a 104 64 105 213 137 305 363 245 ---

2 y, = 9 b 96 60 102 179 113 282 301 171 628

3 a, a = 7 c 86 52 91 168 109 259 288 187 576

3 cr, = 7 d 77 48 87 146 90 225 234 136 527

PGV (cm/s) using Nuttli Theoretical model

2 y, a = 9a 5 1 21 12 6 74 21 13 180

2 CY, a = 9 b 5 1 21 12 6 73 21 13 176

3 CY, CY = 7 c 5 2 19 10 6 65 17 11 149

3 CY, CY = 7 d 5 2 19 10 6 64 16 11 144

PGV (m/s) using Nuttli DLB model

2 a, CT = ga 12 7 13 22 14 31 34 25 67

2 cy, c = 9b 11 6 13 20 12 30 30 18 62

3 cr, a = 7c 10 6 12 18 12 27 28 19 55

3 a, = 7 d 10 6 11 16 10 26 25 15 51

aTruncation = 0 km.

bTruncation = 30 km.

cTruncation = 0 km.

dTruncation = 30 km.
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TABLE 59. No-background case for Ginna, using Experts 8 9 and 10. The

table shows peak ground acceleration (PGA) and peak ground velocity (PGV) for

200-, 1000- and 4000- year return periods.

Return period

200 years 1000 years 4000 years

Expert Expert Expert
Uncertainty 8 9 10 8 9 10 8 9 10

PGA (cm/s 2 ) using Nuttli Theoretical model

2 y, a = a 85 47 200 162 92 500 280 157 ---

2 a, a = 9 b 84 44 162 157 82 399 258 121 ---

3 cr, a = 7c 71 39 165 134 76 411 218 128 ---

3 cr, a = 7 d 70 36 137 129 54 330 203 96 621

PGV (cm/s) using Nuttli Theoretical model

( = a
2 or, 6 5 29 14 12 90 26 22 190

2 a, = 9 b 6 5 28 14 12 85 26 22 177

3 cr, a = 7c 6 5 26 12 11 76 21 17 153

3 a, = 7 d 5 2 25 12 11 72 20 17 140

PGV (cm/s) using Nuttli DLB model

2 y, C = .9a 10 6 22 19 11 48 28 17 92

2 = 9 b 10 5 19 18 10 40 27 15 72

3 = .7c 9 6 18 15 10 40 23 15 76

3 cr, a = 7 d 9 5 16 15 9 34' 22 12 58

aTruncation = 0 km.

bTruncation = 30 km.

cTruncation = 0 km.

dTruncation = 30 km.
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TABLE 5-10. Comparison of two experts' peak ground acceleration (PGA) results

from Nuttli's theoretical model and synthesis.

Sites Expert 9a Expert 3a Synthesis b

Big Rock Point 81 --- 81

Dresden 156 --- 124

Palisades 92 --- 102

LaCrosse 91 --- 91

Ginna --- 131 169

Yankee Rowe --- 212 195

Connecticut Yankee --- 204 202

Millstone --- 195 184

Oyster Creek 157 161

aAverage of R = 0 and RT = 30 a 0.7.
b In a

Synthesis based on Gupta-Nuttli model for CUS and on Ossippee for other

sites data from Appendix B. cr In a = 0.9.

5.6 DISCUSSION AND CONCLUSIONS

A review of the many sensitivity studies presented in this Volume shows

that the general conclusions are dependent on expert opinion, site, and return

period. Since this last point has not received much discussion in this

report, we want to emphasize that all of our conclusions are for the 200 to

4000-year return period range. The variation of the seismic hazard estimates

in the 4000- to 1,000,000-year period is given in the final report of the

Seismic Safety Margins Research Program (SSMRP) which will soon be released as

a NUREG. The most important difference between the results at a return period

of 4000 years as compared to results at 1,000,000 years is that the variation

between models becomes much larger and more significant.

A review of the different experts' models shows a very wide variation for

a number of key parameters. This raises questions about the validity of the

use of expert opinion, a difficult point to address directly. Two points are

worth noting. First, although the differences among experts is often quite

large, the net result on the seismic hazard at return periods out to 10,000

years is much less significant. Most likely this occurs because each expert
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is developing a consistent model based on the historical record rather than

upper-bounding each parameter. It is clear that as one extrapolates far

beyond the available data set significant differences can result from only

small variations. Second, considering these widely different views among

experts about the key parameters of the analysis, it is useful to compare the

results to "what has happened.' This is a difficult task because measurements

have not been taken, except for during the last few years, at the SEP sites or

even at any site. The pseudo-historical results given in Appendix C attempt

to fill the gap. The reasonable agreement between the pseudo-historical

estimates and our estimates in this report suggest that our results are

reasonable and that our complex model building has lead to useful estimates of

the seismic hazard at the SEP sites.

We could have used several approaches other than expert opinion. One

would have been some sort of pseudo-historical approach, e.g., the model in

Appendix C. A second approach would have been to develop a large number of

different bounding models. We did not think that it was necessary to explore

this approach because of the very wide variation in models presented by the

different experts. Because of those differences and because of the fact that

each expert's input was used separately, it is possible to argue that the

results presented cover the extremes, from complex zonations to the very

simple zonation model used by Expert 5, and from upper magnitude cutoffs

ranging from small mb values to intensity XII for the same zone and widely

varying lb' values.

Thus, in our opinion, our results can be considered the synthesis of these

three different approaches. In addition, as Jackson discussed, most of the

elements of the fourfold approach recommended by Bernreuter (1979a) and

mentioned in paragraph 1.1 were applied at each site. There are other

possible variations to the approaches we used; however, there is no reason to

believe that they would lead to significantly different results than presented

in these reports and in Jackson's work.

We have noted that it was of some importance to keep the random and

systematic errors separate. Because of time and budget constraints, it was

not possible to fully explore this complex problem. To help understand the

roles of these two types of uncertainty we

9 considered the differences in the experts' models to be systematic

error. Hence each expert's model was analyzed independently of the

others.
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0 ran both the background and no-background interpretations to assess

the effect of random uncertainty in zonation.

0 included the random uncertainty of each ground motion model and

included the systematic error by using a number of different models

for each expert at each site.

The Geosciences Branch of the NRC carried out the difficult task of combining

these results and developing a synthesis that included both random and

systematic uncertainty. This work is reported on in a preliminary form in

Jackson.

It is not a simple task to determine the importance of variations in

parameters when they interact; e.g., a large upper magnitude cutoff can be

cancelled in part by a 'steep' b value so that relatively few large events

occur. Changes in parameters for distant zones are generally much less

significant than changes in parameters for zones near the site. Our

sensitivity studies showed that the 'a' value was a relatively insensitive

parameter. On the other hand, the upper magnitude cutoff is a very sensitive

parameter. The uncertainty in the zonation (measured by the difference

between the results of the background and no-background models) turned out to

be a much more sensitive parameter than we originally thought. Both the

random and systematic uncertainty in the ground motion model is of

considerable importance. At the longer return periods the near-source zone

controls the hazard, even in regions of low seismicity.

In our opinion, the single most significant result of the study is our

discovery that using expert judgment and insight to help supplement the sparse

data set available is a viable approach. The estimates of the seismic hazard

at the SEP sites have a significant, but not unmanageable, uncertainty

associated with them. There is no way to directly verify our results; in that

sense our results can be considered as giving only the relative hazard at the

various sites. This point has been made in the Appendices, possibly too

strongly, as any method used to assess the seismic hazard in the EUS certainly

has uncertainty associated with it. The final results presented in the report

and discussed in Jackson seem to us to have less uncertainty associated with

them than any other estimates obtained by any other state-of-the-art

methodology. This is not to say that significant improvements and reductions

in the uncertainty of our estimates cannot be made. In fact, this task of

reducing the uncertainty in our estimates of the seismic hazard is one of the

objectives of the SSMRP (Smith et al., 1981).
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Jackson recommends the 1000-year return period spectra. He also makes the

point that while the 1000-year spectra are recommended, it is not possible to

state with any certainty that the true return period is 1000 years. These

estimates are believed to be conservative because

0 In many ways, strong motion data sets are biased toward high values.

Non-triggered instruments or low-level records receive little

attention. This is also true at great distances and for longer

periods where noise may be contributing significantly to observed

motion.

0 The assumption that earthquakes occur randomly within a given seismic

source zone is conservative for large zones of low-to-moderate level

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

of CUS and EUS earthquakes remain hidden, most seismologists conclude

that damaging earthquakes will eventually be associated with specific

faults.

0 The uniform spectra represent composite risk from different source

zones, which may affect different frequency ranges. In certain

situations, exceeding the spectra at different frequencies implies

the simultaneous occurrence of earthquakes in more than one source

zone.

0 The assumption that intensities from large earthquakes attenuate at

the same rate as intensities from small earthquakes is conservative.

Some non-conservative aspects of this and other studies are:

0 The strongmotion data set used mixes accelerograms that were

recorded in the true free field with those recorded in the basements

of buildings. Many engineers feel that the effect of having large

foundations in these buildings is to reduce high-frequency motion.

0 The probabilistic spectra can be exceeded more than once in a given

return period. The probability of being exceeded twice or more,

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

only once.

Based upon consideration of all these factors and their estimated relative

weights, we consider the true return period associated with these spectra to

be longer than 1000 years. Additional studies to better define what the

return periods are and to better establish the confidence limits on our
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results are being onducted as part of Phase II of the SMRP. In the past

there has been implicit acceptance of design spectra that were assumed to have

return periods on the order of 1000 or 10,000 years. it in our judgment that

these spectra fall within this description.
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4.3 TIME HISTORY METHODS:
REAL AND SCALED TIME HISTORY SPECTRA

As discussed in Section 20* a valuable and complementary approach to the

development of response spectra is to perform statistical analyses on the strong-

motion records of appropriate sites. The methods used in the SSRS study and

some of the problems are discussed in this section, and the criteria implemented

in this approach are defined.

Selection Criteria for Earthquake Records

The real key to the validity of this approach is selecting of an adequate set of

real records.

There are a number of considerations that go into the choice of records:

(1) Magnitude of the earthquake (most EUS earthquakes are
specified in terms of m b9 while Western earthquakes are
usually in ML)

(2) Epicentral distance and depth of the earthquake

(3) Site type of the recording station

(4) Source parameters and focal mechanism

There is considerable uncertainty associated with each of the above parameters.

Most important is the difficulty of relating a m b or m bLg in the East to a

Western m bor M L' Our study of available data suggests that an Eastern m isb
roughly numerically equivalent (within the uncertainty of the measurement) o a

Western ML within the range 48-6.3. Furthermore, NRC postulated MMI site

intensities for most Eastern sites are currently considered to be Vil or Vill

corresponding to m b 5.3 or 5.8. It thus appears appropriate to base the criteria

on range of m b or ML between 48 and 63. To extend the criteria outside this

range would require more investigation into the relationship between m b and M L'

See Section 20 of SHA: Results, Final Report.
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Another difficulty has to do with the depth of the earthquakes. It is generally

accepted that the depth of EUS earthquakes is less than 30 km (TERA, 1980b)

and, thus, very deep events should be excluded from the data bse.

One of the major differences between the East nd the West, which relates to

the site type of the recording station, is that a high shear-wave velocity rock

near the surface exists in the East. There are so few records available that we

must be content with having only two classifications - soil and rock. A more

detailed assessment of each site is beyond the scope of this project, although the

issue is receiving considerable attention in the SSMRP.

Several of the questions in the UHM questionnaire dealt with possible differences

in source parameters and focal mechanisms between the East and West. As

TERA reported, so little is known about EUS focal mechanisms that it seems

inappropriate to attempt to account for possible differences in focal mechanism

between EUS and WUS. It might be possible to consider this factor t some later

date when the influence of focal mechanism on strong ground motion is better

understood.

A major problem with the selection of real records is that the set of real

earthquake records in the range of 48 < ML < 63 is not a good statistical

sample. First, many smaller events cause little damage and occur in remote

areas. Because of their small size, we rarely get near-field recordings. Even if

nearby instrumentation is triggered, the ground motion is often so small that the

record is not processed. The solution to this bias problem is to expand the data

set by first digitizing certain records that have not been processed and second,

obtaining more data from Europe, Asia and the Middle East. A few records have

been collected and processed as part of this project, but budget and time

considerations have limited our effort. One of the tasks of the SMRP is to

consolidate the records that have been processed. This work will be available in

the near future should additional, more refined analyses be required.
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Choice of Records

The previous section discussed some of the main considerations in our choice of
real records. One point that was made is that although it would be useful to use

both site and epicentral intensities as part of the selection criteria, it is difficult

to do so because site intensities for smaller earthquakes re usually not

available. In addition, in complex seismotectonic areas, such as New England, it

is difficult to determine which source areas contribute most to the hazard. With

these considerations, we have chosen to select four sets of records which should

cover most cses. One natural division is on site type.

The other major consideration is the earthquake magnitude and distance. The
choice of the appropriate magnitude range for each site requires considerable

judgment and a very careful review of the local tectonics. Because of these

difficulties and the need for site specific judgment, we have covered the

uncertainties by selecting two sets of magnitude ranges: 48 '- 53 5.8 and 53

<5.8 < 63. These correspond to earthquakes of intensity VII for ML- 53 and

intensity VIII for M L 5.8, which covers the range of maximum site intensities

expected. The one-half unit variation is to account for the uncertainty in a

magnitude-epicentral intensity relation.

Our approach here was to use all of the near field records that we could obtain

that fit into one of the four sets (magnitude range and site type). In general we

rejected records at epicentral distances of greater than 25 km. Table 43

presents the records we have included in our analysis and the time they were

obtained and processed.

For each of these sets we did the following to obtain the Real Time History

Spectra:

(1) Compute the mean and standard deviation for each
period, assuming that the spectral ordinates are log
normally distributed.

2) Compute mean plus one sigma spectra

To obtain the Scaled Time History Spectra, we first scaled each spectrum to 1-g

PGA and repeated steps (1) and 2).
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In Figures 47 through 410, we present the results of these analyses. Each

figure presents four curves, the mean and mean plus one sigma for each site

condition, rock or soil. The first two figures present the Real Time History

Spectra for selected records with means of 53 and 5.8 magnitude. The second

two figures present analogous results for the Scaled Time History Spectra. For

ease of comparison, the scaled records presented are scaled to 1.0 g acceleration

at 100 Hz. In subsequent comparisons with the UHS, the scaled mean spectra

were then scaled to the acceleration corresponding to the 200-, 1,000- and 4,000-

year return period for each site.
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5.0 ATTENUATION

The difficulty in quantifying attenuation in the Eastern United States (EUS)

arises from the almost complete absence of strong-motion data. Thus inferences

must be made about the attenuation of ground motion in the East by studying

systematic differences or similarities between the EUS and other regions of the

world regarding information that is indirectly related to ground motion such as

intensity data.

As a preliminary attempt to focus on the problem of attenuation in the EUS, it is

valuable to list evidence that may shed some light on the differences or sim-

ilarities between ground motion attenuation in the EUS and the Western United

States (WUS). For instance:

0 MM intensity attenuates slower in the EUS than in the
WUS, based on an abundance of historic intensity data.

0 There are higher propagation velocities at depth in the
EUS than in the WUS.

0 There re higher G-values (lower damping) in the EUS
than in the WUS.

0 There is no low Qzone in the upper mantle in the EUS.

0 There are systematic differences among magnitude deter-
minations between the EUS and WUS.

Some inferences concerning differences in ground motion characteristics bet-

ween these two regions may be made from the bove evidence. They can

tentatively be quantified in terms of differences in frequency content, amplitude

and duration of the motion.

0 The relative damageability of ground motions in the for
field as compared to the near field is greater in the EUS
than in the WUS. This implies a relatively larger energy
content and

(a) larger accelerations, or

(b) longer durations, or

(c) both (a) and (b)
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0 The amplitude of body waves at the larger distances is
greater in the EUS than the WUS.

0 The EUS may be a more efficient propagator of surface
waves than the WUS. This would imply relatively longer
durations and larger long-period motions in the EUS.

0 There may be fewer complexities in the transmission path
in the EUS. This could explain in part the lower damping
inferred in the EUS. It might imply less scattering of
waves, making the EUS a relatively more efficient propa-
gator of the higher frequency motions.

0 Since there are more competent rocks at depth in the
EUS, earthquake foci may be deeper. This might imply
lower attenuation of ground motion as compared to the
WUS at distances less than several focal depths. This
would not explain differences in attenuation at greater
distances.

0 Source parameters relative to the "size" of an earthquake
may be different in the EUS than in the WUS. The higher
competency of the rock and lack of major well developed
fault zones might imply higher stress drops and smaller
source dimensions in the EUS.

5.1 APPROACH

It would seem that, aside from theoretical modeling, there are very few

technically reasonable alternatives to EUS attenuation, given the paucity of

strong motion data and availability of intensity data. Our recommended

approach consists of developing a model for the attenuation of site intensity

using EUS intensity data then using existing EUS strong motion data in

conjunction with data from the West Coast to convert the site intensity into a

ground motion parameter. The ground motion parameters chosen for this

analysis are peak ground acceleration (PGA), peak ground velocity (PGV), and

several spectral ordinates at frequencies ranging from 25 Hz to 0.5 Hz. In

addition, the site intensity is also retained as an additional measure of the

ground motion. As discussed elsewhere, we have calculated the seismic hazard

at specific sites using 10 separate sets of input, corresponding to the data and

opinion provided by 10 experts. Many of the experts preferred to deal with

seismic hazard in terms of epicentral intensity, and our attenuation relation as

described above is appropriate for use with these experts' input. Other experts

preferred body-wave magnitude, and for these experts we factor out epicentral

A-17



intensity as a parameter in the attenuation model using a correlation between

body-wave magnitude and epicentral intensity.

The strength of this approach is that it specifically models the EUS by explicitly

incorporating EUS intensity attenuation. The only bsic ssumption is that site

intensity-ground motion correlations are regionally independent.

One weakness of this approach has to do with portioning an attenuation model

into submodels. The uncertainty contained in each of the submodels increases

the uncertainty in the final prediction, although at the present time there does

not appear to be any rational alternative to this.

The added uncertainty has a significant influence on the seismic hazard results,

and we are confident that greatly improved estimates of the seismic hazard

could be obtained through additional work on this topic. When an attenuation

model is derived directly from recorded ground motion, the statistical uncer-

tainty usually corresponds to a one-standard deviation level corresponding to 1.6-

2.0 times the mean. When the uncertainty in mean predictions of intermediate

parameters, such as intensity, are rigorously included, this multiplicative factor

becomes 20-2.9 (Cornell, et al., 1977). Clearly, a hazard analysis which

integrates out to a 2 or 3 standard deviation ground motion is being driven by

this multiplicative factor. While it has been outside the scope of this effort to

address this uncertainty in detail, we feel that these uncertainties may be

excessive. That is, in spite of their statistical formality, they are derived from

data representing all possible earthquake types and all possible travel paths. The

seismic hazard at a particular site is usually dominated by a prticular type of

earthquake (e.g., magnitude range, depth, focal mechanism, etc.), with a

particular travel path. We believe that a detailed consideration of this would

significantly reduce the attenuation model uncertainty. In the meantime,

however, we are forced to rely on formal statistical definition of the

uncertainty. Consistent with the uncertainty contained in each of the subrnodels

for attenuation, we use a value for dispersion of a multiplicative factor of 245.

Since the data are generally assumed to be log-normally distributed, this is often

expressed as a natural logarithmic additive factor of In 245 = 09. A further

basis for this particular value is contained in the work done for TVA by Weston

Geophysical, Inc. 1978).
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Another weakness is that the influence of site geology on the predicted site

ground motion is more difficult to quantify when the intensity data is incorpor-

ated. In the post, several investigators have attempted to quantify site geology

effects by including geology (e.g., soil, rock) as a prameter in the regression

between ground motion and site intensity. The difficulty in this is that the

majority of intensity reports are reports of soil conditions at a location nearby to

an accelerograph station. The conventional procedure has been to adjust the

intensity report for the difference in location and then to associate this adjusted

intensity with the recorded ground motion at the accelerograph site. At best,

this approach for characterizing site effects is circular and results in a

systematic bias toward soil response. Our approach is similar to the one taken

by Murphy and O'Brian 1977). Since almost all intensity data corresponds to soil

intensity data, we assume that a correlation between site intensity and recorded

ground motion will be most representative of soil and that the intensity data

alone are inadequate to quantify a corresponding model for rock. We feel that

the best way to accurately define a rock model is through Western U.S. data for

ground motion as a function of distance, magnitude, and site type. None of the

intensity biasing problems discussed above exist for this data set, although we

acknowledge there are other potential biases such as building foundation effects

(Boore, et al., 1978). The data currently vailable are insufficient to resolve at

this level of detail, and we, in the end, rely on the overall "reasonableness" of

the rock model as a last check. We present the detailed results on our treatment

of site geology in a following section, after a summary presentation of the strong

motion data base used for analysis.

Summarily, our approach to attenuation is to combine EUS intensity attenuation

data with WUS instrumental data relating site intensity to a ground motion

parameter. When required for compatibility with a particular expert's input,

epicentral intensity is converted to body-wave mgnitude. The resulting

attenuation model is considered to be appropriate for soil sites. A scale factor is

then developed for WUS data for each ground motion parameter to convert the

soil prediction to a rock prediction.
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5.2 DATA BASES

As previously discussed, there are two data bases required for our analyses; non-

instrumental EUS intensity attenuation data and instrumental WUS strong

motion-intensity data. Each is discussed separately below.

INTENSITY DATA BASE

The objective of analysis on this dta base is to characterize the rate of

intensity attenuation. Given this, the ideal data base consists of an error free

set of all site intensities from the epicentral value down to MMI of I or 11.

Furthermore, this ideal dta would represent a variety of epicentral intensities.

For a number of reasons, this ideal cannot be achieved. First of all, the intensity

data is not generally reported in this detail; most commonly, only the isoseismol

contiours are published. Even when the actual intensity values are available, the

data are strongly biased toward the higher intensities. This is because it is very

difficult to discriminate the intensity reports between I and III and, therefore,

these data are almost always reported as an aggregate. This virtually eliminates

the smaller earthquakes (epicentral intensity less than V or VI) as cndidates for

the dta base.

We have examined all possible sources for this data and have found only four

earthquakes that meet the above criteria. These earthquakes and their sources

are tabulated in Table 5-1. As will be described in a following section, we infer

an intensity attenuation model from the results of regression analysis on the

intensity data from these earthquakes. Although it would, of course, be

desirable to base the model on additional data, we are not ware of any other

available data. Furthermore, we know of no other attenuation model which was

based on the actual intensity reports (rather than the isoseismal radii) that uses

this many earthquakes. Finally, it is notable that the epicentral intensity of the

four earthquakes selected covers the range of design earthquakes considered to

be appropriate for the sites under consideration here.
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TABLE 5-1

SUMMARY OF EARTHQUAKES USED IN THE
INTENSITY DATA BASE

Data
Name Date Maximum Intensity Source

Southern Illinois 11/9/1968 Vil G. A. Bollinger

Cornwall-Massena 9/4/1944 Vill R. J. Holt

Ossippee 12/20/1940 Vil R. J. Holt

Giles County 5/31/1897 Vil-Vill G. A. Bollinger

A-21



STRONG MOTION DATA BASE

The requirements of this data set re that it:

0 Be readily available

0 Be credible and have precedent in application

0 Include the digitized time histories and, therefore, the
spectral ordinates

0 Include an estimated site intensity at the accelerograph
station

0 Cover a range of distances, magnitudes, and site inten-
sities

We have reviewed several candidate data bases and have concluded that the

Trifunac and Brady dcta base 1976) best meets these overall criteria. Most

important in this evaluation was the fact 1hat their data base has been

extensively used by the NRC in the siting of critical facilities. Furthermore, the

data base has been subjected to statistical analysis by several investigators

besides Trifunac (e.g., Werner, et al., 1975 or Krinitzsky and Chang, 1975), thus

providing a convenient basis for comparison.

The original data base included a site geology descriptor as "soft", "interme-

diate", or "stiff". Such a descriptor will be crucial to us in certain site-specific

analysis. We feel, however, that it is unnecessary to have such resolution in the

site geology and that, furthermore, the data is generally incapable of providing

this resolution. We have, therefore, converted all site geology classifications in

the data base to simply "soil" or "rock" according to the criteria presented by

Boore, et al. 1978). For completeness, ll the resulting "rock" accelerograrns

are presented in Table 52 according to the CIT record ID number.

EFFECT OF SITE GEOLOGY

As discussed above, it is very important to account for the effects of site

geology although an approach that relies on site intensity cannot, by itself,

accomplish this. Our approach is to predict the soil response at a site and then

to correct this prediction by a multiplicative fctor for rock sites. This factor

was derived from a regression analysis on the some data base that was used to
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TABLE 52

LIST OF CIT ACCELEROGRAMS
RECORDED ON ROCK SITES

CIT
Record Earthquake

ID Number Date

15 3/22/57
25 10/31/35
37 6/27/66
38 6/27/66
40 4/8/68
41 2/9/71
54 2/9/71
56 2/9/71
78 2/9/71
81 2/9/71
92 2/9/71

102 2/9/71
106 2/9/71
142 2/9/71
143 2/9/71
144 2/9/71
166 2/9/71
171 2/9/71
1 79 2/9/71
183 2/9/71
184 2/9/71
185 2/9/71
198 2/9/71
207 2/9/71
208 2/9/71
22 1 2/9/71
223 2/9/71
241 2/9/71
265 2/9/71
295 10/31/35
297 10/25/35
314 3/10/33
31 7 11/14/41
319 11/21/52
33 1 7/15/65
334 9/12/70
335 9/12/70
378 4/8/68
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predict response as a function of site intensity, but instead the independent

variables were magnitude distance, and site geology (soil=O, rock=I). The

coefficient derived from the regression analysis for the "dummy vriable', site

geology, corresponds to the desired multiplicative factor. This approach is, of

course, not new; it has been applied by several other investigators to slightly

different data bases (e.g., McGuire, 1978 or Trifunac, 1976). We are aware of

some subtle biases that may effect the statistical conclusions here. For

example, as Boore, et al. 1978) have pointed out, there is a cross-correlation

between the site type and the type of building that houses the accelerograph.

The data at this time is insufficient to separate these effects.

The regression was performed for a set of dependent variables corresponding to

peak ground cceleration (PGA), peak ground velocity (PGV) (Ind spectral

ordinates (PSA) at nine frequencies 25, 20, 12.5, 10, 5, 33 25, 1.0, 0.50, Hz).

The results of regression analysis are shown in Table 53, which presents the

multiplicative factor as a function of frequency. This factor was drectly

applied to the corresponding predicted soil response when required for a rock

prediction. Note that these results are not at all inconsistent with previous

investigations into the effects of site type and, furthermore, appear to be

intuitively very reasonable.

INTENSITY ATTENUATION

The intensity attenuation model used in this analysis was derived from the

intensity data base described above. Recall that this dta base is unique in that

it consists of the ctual intensity reports rather than simply the isoseismal radii.

There are two advantages to using the actual reported intensity data. First,

isoseismal radii data, which is more readily available, is the result of a

seismologist's opinion or judgment on a set of intensities. The algorithms for

constructing the contours are non-uniform nd non-rigorous, and furthermore,

the representation of a complex contour by a single radius involves another layer

of judgment and uncertainty. Secondly, using the actual intensity dta llows

statistical statements to be made about the variability of intensity. This cannot

readily be done with isoseismal radii.

The earthquakes listed in Table 5-1 have been analyzed by other investigators,

and the results of these nalyses form the basis for our attenuation
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TABLE 53

SUMMARY OF REGRESSION ON SITE GEOLOGY

(S: soil=O, rock= )

log (GM) C I C2M + C3 log W + C4S

Frequency C
GM Units (Hz) 4

PGA CMIS2 ---

PSA cm/s 2 25.0

PSA cm/s2 20.0 0.042

PSA cm/s2 12.5 0.074

PSA cm/S2 10.0 0.089

PSA cm/S2 5.0 0.039

PSA cm/S2 3.3 -0-038

PSA cm/s 2 2.5 -0.069

PSA cm/S2 1.0 -0.169

PSA cm/S 2 0.5 -0.192

PGV cm/s --- -0.138

Statistically insignificant coefficient
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model. Figure 5-1 shows the individual intensity attenuation relations for each

of the earthquakes, normalized to the same epicentral intensity. Note that

although these earthquakes occurred in different tectonic settings and were felt

over a variety of geologies, the average intensity attenuation is not greatly

different.

Given the goal of defining an overall average attenuation model, two options are

presented by this data. First of all, one could combine all the individual dta

from each of the earthquakes and perform regressions on the aggregate data set.

Alternatively, one could select a typical earthquake with typical attenuation

relative to the others. We prefer the latter approach because the data from the

individual earthquakes re of variable quality depending on the date of the

earthquakes, the population density, etc. Among these four, the 968 Southern

Illinois earthquake is probably the best studied earthquake because it i: recent,

and it occurred in an area with a population density. For these reasons, and

because its attenuation appears to be most typical, we have selected this

earthquake's attenuation as the attenuation model appropriate for this nalysis.

Making the common assumption of linear sealing between epicentral intensities,

the resulting attenuation function takes the form:

Is = I + 035 - 0046r - 3 3 nr)

where: r is in kilometers.

The next section describes how this predicted site intensity is converted to a

ground motion parameter.

GROUND MOTION - SITE INTENSITY

The strong motion data base described above was used to develop a correlation

between various ground motion parameters and site intensity for soil sites.

Extensive work has been performed by other investigators in relating, peak

ground acceleration to site intensity. Figure 52 shows a graphical representa-

tion of some of these relations. In reviewing these previous efforts, we

concluded that application of relations like these to EUS sites would have one
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major shortcoming; this is, they could not account for the difference between

the accelerations for a site intensity Vill at 1,000 km and one t 10 km. This is

very important in the EUS since the rate of intensity attenuation is so slow

compared to WUS. As a result of this consideration, we concluded that a more

rational approach would include distance as an independent variable. The

functional form used in regression was, therefore,

G M = F (I s, r)

where: GM corresponded to PGA, PGV, and PSA at the nine

frequencies summarized above.

The results of the regression analysis are given in Table 54. For purposes of

comparison with a similar analysis on PGA with a different data base, we present

our predictions compared to those of McGuire 1978) in Figure -3. Figure 54

shows how the predicted spectral shape varies with site intensity and distance in

this model. Note that, unlike other generally available models, this model allows

the spectral shape to vary with distance and size and that the predicted variation

is intuitively consistent.

INTENSITY - MAGNITUDE

We occasionally �quire an attenuation relation in terms of body-wave magni-

tude. When this is the case, we need a relation relating these two items. It is

well known that intensity is a poor measure of the size of an earthquake and,

therefore, prticular care must be taken in constructing this relationship. It was

for this reason that we solicited expert opinion from the expert panel on this

subject. The general feedback from the experts was that the relation

2m 35

0 b

was the most appropriate. This relation, or a close approximation to it, had been

derived separately for both the central U.S. (Nuttli, 1974) and the northeastern

U.S. (Street and Turcotte, 1977). Furthermore, in both cases, the epicentral

intensities used in the correlation were derived not just from the epicentral

value but also such measures as the rate of intensity falloff or the area under the
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TABLE 54

SUMMARY OF REGRESSION RESULTS

In(GM = C I C s C3 HO

IS - MMI
r -kilometers

Frequency C C C
GM Units (Hz) 1 2 3

PGA cm/s 2 1.79 .57 -. 323

PSA cm/s 2 25.0 2.16 .55 -. 37

PSA cm/S2 20.0 2.30 .55 -. 393

PSA cm/S2 12.5 2.64 .56 -. 437

PSA cm/S2 10.0 2.79 .56 -. 432

PSA cm/S2 5.0 2.67 .56 -. 312

PSA crn/s2 3.3 2.05 .62 -. 240

PSA cm/S2 2.5 1.37 .649 -. 143

PSA cm/S2 1.0 -1.50 .816 .155

PSA cm/S 2 0.5 -3.50 .886 .338

PGV cm/s -2.94 .76 .06
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Intensity V isoseismal contour. Figure 5-5 compares this relation (labeled

flexperts") with several other relations for other areas.

FINAL ATTENUATION RELATION

Each of the previously discussed relations were combined to produce a final

attenuation relation for soil sites of the form

In (GM) = C I C2 o + C3 r + C4 In (r)

(When required for a particular expert's input, I was converted to mb through

the previously discussed relation.) The ground motion (GM) prameters were

PGA, PGV, and PSA at nine frequencies between 25 Hz nd 0.5 Hz. The results

of this combination of -egression results is presented in Table 5-5. Figure 56

presents a graphical summary of the attenuation model for various values of m b'

SCALING TO OTHER DAMPING VALUES

As described above, we have developed attenuation laws for, among other

parameters, the percent damped PSA spectral ordinates. Because of the time

and cost in performing the seismic hazard analyses, we have restricted the

hazard analyses to using this percent damped attenuation low. Because the

spectral ordinates at other damping values could be of considerable interest, we

have developed a scaling law for converting the results of the hazard analysis to

other damping values.

The approach was to perform regression analysis on the same strong motion data

base as described elsewhere in this report. The regression was of the form

In (GM) = F0 s, r IL)

where: is the decimal friction damping and GM is the

PSA at nine frequencies.

Although the data set consisted of spectral ordinates at 0.00, 02, .05, .10, and

.20 damping factors, we excluded the undamped ordinates because of their
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TABLE 5-5

SUMMARY OF REGRESSION RESULTS

In (GM) = C I C2 lo C3r + C4 nr)

I0 MMI

r -kilometers

Frequency C C C C
GM Units (Hz) 1 2 3 4

PGA cm/s 2 1.99 .57 -. 0026 -. 501

PSA cm/s 2 25.0 2.35 .55 -. 0025 -. 542

PSA cm/s 2 20.0 2.49 .55 -. 0025 -. 565

PSA cm/s 2 12.5 2.84 .56 -. 0026 -. 612

PSA cm/s 2 10.0 2.98 .56 -. 0025 -. 605

PSA cm/s 2 5.0 2.87 .56 -. 0026 -. 487

PSA cm/S2 3.3 2.27 .62 -. 0028 -. 433

PSA cm/S2 2.5 1.60 .65 -. 0030 -. 346

PSA cm/s 2 1.0 -1.21 .816 -. 0038 -. 100

PSA cm/s 2 0.5 -3.19 .886 -. 0041 .061

PGV cm/s -2.67 .76 -. 0035 -. 178
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TABLE 56

SUMMARY OF REGRESSION RESULTS

log (GM) C I C s C3 + C4 log(r)

Is - MMI
r -kilometers

decimal damping

Frequency C
GM Units (Hz) 3

PSA CMIS2 25

PSA cm/S2 20

PSA cm/S2 15.3 -. 337

PSA cm/S2 12.5 -. 639

PSA CMIS2 10.0 -. 954

PSA CMIS2 7.7 -1.31

PSA cm/S2 5.0 -1.68

PSA CMIS2 3.3 -1.90

PSA cm/S2 2.5 -1.92

PSA cm/s 2 1.33 -1.75

PSA cm/S2 1.0 -1.90

PSA cm/S2 0.50 -1.52

Statistically insignificant coefficient
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statistical instabilities. The results of this regression are tabulated in Table 56.

As expected, the spectral ordinates become much less dependent on the damping

factor with increasing frequency. These results appear to be consistent with

related analyses performed by McGuire 1977) and Husid 1963). Of course, since

this method is approximate, the results should be used accordingly.
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6.0 SRSS RESULTS AND CONCLUSIONS

As stated in Section 1.0*, the objective of this study was to develop SSRS, for

each of nine sites, that considered the unique site conditions and allowed

quantification of uncertainty and conservatism associated with definition of the

seismic hazard. This SSRS would be used to identify those sites where the

seismic margins are clearly acceptable. Furthermore, for those sites where the

margins required additional investigation, the SSRS methodology could readily

identify the most significant and uncertain parameters. This identification could

provide a basis for more detailed investigations. Four specific methodologies

were to be used in this effort.

To large measure, the results presented in this section accomplish this

objective, in that the quantification of uncertainty by the variety of approaches

provides a most useful tool for comparative evaluation of other definitions of

seismic hazard, e.g., the FSAR definition.

In view of the state-of-the-art of probabilistic risk assessment and seismology,

we recommend extreme caution in using these results as an absolute measure of

the earthquake hazard. In addition, consistent with the recommendations of the

Lewis Report or Wash 1400, we strongly recommend that these results be

complemented, when necessary at particular sites, by extensive sensitivity

studies. We furthermore encourage a peer review of the results - and more

importantly the solicitation of expert opinion. In this study, our major effort

was directed at processing the experts' opinions.. The methodology developed

integrated the expert opinion and uncertainty with a statistical model of

earthquake occurrence. Care was taken to preserve each expert's opinion and

not supplant it with our own. Therefore, while the expert panel response is

eloquent testimony to the uncertainty in seismology (particularly in the north-

eastern U.S.), their response can be used to focus the additional effort that

21�±j be required at one or two sites.

*See Section 1.0 of SHA: Results, Final Report.

A-39



Any additional effort should focus on a better quantification of the degree to

which uncertainty due to nature and the degree to which uncertainty due to lack

of man's knowledge affect the SSRS results. Uncertainty dominates the esults

in seismic hazard definition, so it is important for decision makers to recognize

these different factors. Additional studies that we recommend here can often

reduce the uncertainty associated with a lack of knowledge, but the inherent

uncertainty of natural phenomena will always have to be included in seismic

hazard definition.

6.1 IMPORTANT PARAMETERS

This study has identified several important parameters which, in general, fall

into two sets: basic decisional issues and analytical areas with significant

sensitivity. In the first set, two major parameters must be determined prior to

selection of SSRS for design evaluation: the return period or likelihood of

occurrence and the type of earthquakes to consider. So that judgments about

these parameters con be made, the seismic risk must be understood as 

combination of the seismic hazard, the facility's resistance and the consequence

of failures. While these judgments are obviously beyond the scope of this study,

several points con be made regarding the results.

The effects of return period on SSRS are substantial, as can be seen from the

tables and figures presented below. A good frame of reference for evaluating

return period effects is the Real Time History Spectra (RTHS) which are

independent of return period. The figures below present SSRS for return periods

of 200, 1,000 and 4000 years for UHS, NHS and STHS; the RTHS are independent

of return period and represent the 84 percentile of magnitude 53 records. This

spectrum roughly represents an Intensity VII at the site with 84 percent of the

spectral amplitudes captured. For comparison, the tables below present esti-

mates for each site of the MMI return period.

Regarding the type of earthquake considered, the basic issue that must be

considered is to what degree ll earthquakes, both big and small, near and far,

must be considered in design evaluations. Section 4 discussed this issue in

*See Section 41 of the SHA: Results, Final Report
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some detail for the UHS. Basically, the UHS and, by inference, the Newmark-

Hall spectra capture the effects of all earthquakes. The Real and Scaled Time

History Spectra capture only the effects of large nearby earthquakes. As can be
seen in the SSRS figures below, this difference is most significant in the longer

periods. From a structural resistance point of view, this may not be significant

for many nuclear power plant structures. From a regulatory viewpoint, the

emphasis of Appendix A to 10CFRI00 is on seismic design for large nearby

earthquakes. In any event, three approaches to this issue are possible: one, use

a spectrum that conservatively envelopes all earthquakes, such Gs the UHS or

NHS; two, use one spectrum that is developed from large nearby earthquakes

such as a RTHS or STHS; or, three, use two spectra, one developed from nearby

earthquakes and one from distant earthquakes. It is interesting to note that

Housner originally proposed two seismic design spectra one for the near field

events and another for the distant events. In consideration of possible

conservatism contained in the Option I (UHS), we developed a probabilistic

approach for Option 3 in Section 5.0 of the report SHA A Methodology for the

Eastern United States.

The second set of parameters involves areas in which significant sensitivity has

been found. A seismic exposure analysis combines the effects of various

parameters representing source function, source seismicity, attenuation and

seismic exposure evaluation models and the associated uncertainty. The

sensitivity of the analysis to these parameters is often a function of the location

of the site with respect to the seismic sources and the seismicity of the sources.

Hence, a detailed sensitivity analysis is necessary on a site-specific basis to

determine the importance of the parameters quantitatively. The sensitivity is

also a function of the return period of interest and the frequency range

considered. However, the following general comments are of particular interest.

Attenuation Relation

Seismic hazard studies are particularly sensitive to the attenuation relationships

used. In the analysis the uncertainties lie at two levels. First, the mean of the

attenuation is often ill-defined in the near field where limited data are available.

The addition or exclusion of a few data points in the near fields as well as the
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choice of a given mathematical model will often have a dramatic effect on the

mean and consequently on the exposure. Second, for a fixed mean, the type of

uncertainty associated with it and the way this uncertainty is modeled make for

a very sensitive parameter. In this analysis, it is described by log-normal

distribution with a sigma equal to 09. Such large uncertainty, justified by the

poor quality of the data, leads to large accelerations for low probability of

exceedence: the acceleration corresponding to the 2 and 3 sigma probability of

exceedence is equal to 6 and 15 times the mean, respectively. This implies that

if the mean were 03 g the 3 sigma acceleration would be 45 g. This is an area

where there is clearly a need for significant improvements.

Both the size of the sigma and the distribution truncation are very sensitive

parameters, and their effects are more pronounced at larger return periods.

Variations of 50 percent in the results are not uncommon for 1,000-year return

periods. It should be noted that for a fixed number of sigmas, a variation of

sigma has a multiplicative effect. Conversely, for a fixed sigma, the variation in

the number of sigmas has an asymptotically decreasing effect since the added

probability of exceedence decays as the tail of the log-normal distribution.

These conclusions apply to ech expert and each site; therefore, further study in

this area is most important.

Zonation

The sensitivity to the zonation is very site specific. For the sites located in the

Central Stable Region, little difference is noticeable because the min contri-

buting sources are the host region, which does not undergo any change, and the

New Madrid area, which is too distant to reflect minor variations in boundary

conditions. This conclusion is typical of all experts. In the northeast, the

complexity of the zonation and the variation between experts would require a

detailed study to determine the sensitivity of this parameter.

Upper Magnitude Cutoff

The sensitivity to the upper magnitude cutoff is a function of two parameters:

the upper magnitude cutoff specified by the expert for the sources governing the
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hazard and the magnitude distribution. Little change would occur for an expert

who specifies a large upper magnitude cutoff, whereas a large increase would

occur for n expert with a relatively low cutoff for nearby zones. These

conclusions depend on the magnitude distribution. The calculated hazard is

relatively insensitive to changes in the upper magnitude cutoff if the expert's b-

value is large.

Sensitivity to Seismicity Model Uncertainty

Usually, the exposure is relatively insensitive to a variation of the overall

seismicity of a region (variation of "all parameter by 10-20 percent) whereas it is

very sensitive to variation of the earthquake distribution (b-value).

In a sensitivity analysis, the expected value of these parameters is kept constant

and only the uncertainty about the mean is varied, as modeled by the parameters

of the gamma and beta distributions. The larger uncertainty increases the

probability of a higher level of seismicity at the expense of a lower one. Hence,

for a rather short return period, the effect is not unique and depends upon the

size of events governing the hazard.

For longer return periods, one expects a global increase which may become very

significant. For the 4,000-year spectrum, increases of 30-50 percent over the

whole spectrum is not uncommon. Such conclusions are generally applicable for

all experts and all sites.

6.2 SSRS FOR SITES IN CENTRAL UNITED STATES

Four of the sites, Dresden, Palisades, La Crosse and Big Rock Point are located

in the central United States. Since the seismological factors influencing the

SSRS for these sites are substantially different from those influencing the

eastern United States, they are presented together in this section. The results

for each site are presented in Tables 61 through 64 and Figures 61 through 64

respectively for the Dresden, Palisades, La Crosse and Big Rock Point sites. The

UHS results presented in the tables are those used as nchor points for
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TABLE 61

DRESDEN
PGA, PGV and MMI

FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN 200 1000 4000
PERIOD
(YEARS) SYNTHESIS RANGE SYNTHESIS RANGE SYNTHESIS RANGE

PGA 2 83 62-124 159 112-261 268 176-435(cm/sec

PGV 17 9-34 38 19-84 70 31-156
(cm/sec)

MI 6.3 5.5-7.6 7.4 6.6-8.8 8.2 7.3-9.6
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TABLE 62

PALISADES
PGA, PGV nd MMI

FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN 200 1000 4000
PERIOD
(YEARS) SYNTHESIS RANGE SYNTHESIS RANGE SYNTHESIS RANGE

PGA 2 71 53-105 128 87-200 202 103-307(cm/sec

PGV 14 9-26 29 17-55 52 28-97(cm/sec)

mml 5.9 5.3-7.1 6.9 6.2-8.1 7.7 6.9-8.8
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TABLE 63

LA CROSSE

PGA, PGV and MMI
FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN 200 1000 4000
PERIOD
(YEARS) SYNTHESIS RANGE SYNTHESIS RANGE SYNTHESIS RANGE

PGA 2 59 41-82 110 70-155 180 104-256(cm/sec )

PGV 10 6-18 21 13-38 36 23-67
(cm/sec)

Mvil 5.5 4.8-6.5 6.5 5.8-7.5 7.2 6.5-8.2
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TABLE 64

BIG ROCK POINT
PGA, PGV and MMI

FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN 200 1000 4000
PERIOD
(YEARS) SYNTHESIS RANGE SYNTHESIS RANGE SYNTHESIS RANGE

PGA 2 54 36-73 102 63-141 137 93-238(cm/sec

PGV 7 1-13 16 3-27 27 10-46
(cm/sec)

mmi 5.1 4.0-6.0 6.0 4.8-7.0 6.7 5.3-7.9
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Newmark-Hall spectra nd Scaled Time History Spectra. The MMI values

presented in the tables re only appropriate for soil sites since, as discussed in

Section 5.0, the intensity attenuation relation was developed exclusively for soil.

An adjustment for the site type was made, in our model, directly to the ground

motion parameter. Other things being equal, rock site intensities are usually

slightly less than soil intensities; Medvedev 1965) provides a basis for this

adjustment. The figures of SSRS for each site are in four sets representing

return periods of 200, 1,000 and 4000 years, and UHS for each expert t a

1,000 year return period. The first three figures each present four curves: the

Uniform Hazard Spectrum, the Newmark-Hall Spectrum, anchored at two points

on the UHS curve (peak acceleration and peak velocity), the Scaled Time History

Spectra, anchored at one point on the UHS curve (peak acceleration), and the

Real Time History Spectrum (for selected records of mean magnitude 53). The

STHS and RTHS re for soil sites except those fr the Dresden site which are for

rock. All curves include a measure of the overall ncertainty: the HS, NHS

and STHS by use of the UHM for spectral anchor points, and the RTHS through

the use of the 84 percentile of the data.

Regional Factors Affecting the Results

In evaluating the factors contributing to the SSRS results, three of the

methodologies explicitly depend upon expert opinion either for spectral anchor

points (NHS or STHS) or the entire spectrum (UHS). Therefore, any analysis of

these results necessitates a discussion of the subjective input from individual

experts. For consistency, the experts are numbered in the some manner (e.g., E 8

for Expert 8) as in the TERA report, SHA: Solicitation of Expert Opinion. The

reader is referred to that report for detailed information concerning the expert

opinion used and to the TERA report, SHA A Methodology for the Estern

United States.

The following discussion compares the contribution of vrious factors to the

seismic hazard. The contribution of a source is measured relative to the

contributions of the other sources. Hence, if one source has a constant effect

and the others a decreasing one (e.g., cis a function of distance), then the global

exposure decreases and the contribution of that source increases.
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It is interesting to notice how the contribution of the different sources to the

SSRS varies as a function of the return period and the period of the spectrum.

Generally, as the return period increases, the sources with higher upper

magnitude cutoff become more important and outweigh sources with lower upper

magnitude cutoffs located at the same distance. This trend is expected since,

for return periods greater than the one corresponding to the largest event in a

lower seismicity zone, the zone contributes to the exposure only through the

uncertainty associated with attenuation relationships. The contribution of the

low seismicity zone decreases along the tail of the distribution modeling this

uncertainty. Sources with larger upper magnitude cutoff, on the other hand, still

generate events at those return periods and contribute to a greater degree to the

total exposure. For higher seismicity sources located at a greater distance,

there is a trade-off between higher seismicity and greater attenuation. The

global effect cannot be predicted but must be assessed cse.-by-case.

Similarly, over the frequency range of the spectrum, the contribution shifts from

nearby events, rich in high frequency energy, toward distant events whose high

frequency is filtered out and contribute mainly to the long period end of the

spectrum.

The two dominant zones for all four sites are the Central Stable Region (CSR,

the host region of the sites) and the New Madrid Region (NM). Their

contributions to the SSRS loads vary from expert to expert as a function of their

zonation, their upper magnitude cutoff and their recurrence relationships, but

several trends are constant.

Expert Opinion

The variation in the Uniform Hazard Spectra for individual experts (Figures 6-1d,

6-2d, 6-3d and 6-4d) can be broadly explained by identifying the major differ-

ences among the input from these experts. The results from E 8 are consistently

low, because he specifies very low upper magnitude cutoff for the CSR. E 7 and

E9 provide a specific zone for northern Illinois. This concentrates the seismicity

within that zone close to the sites and increases the hazard. E 5 specifies an
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upper magnitude cutoff of MMI-XII. This increases the hazard, but not to the

extent that might be expected since the recurrence slope is fairly steep 0.575 

0.125). E has a very gentle recurrence slope 0.6 0.2) for New Madrid. This

drives the hazard upward throughout the CSR.

Contribution from CSR nd NM

For a specific spectral ordinate, the seismicity of the Central Stable Region is

assumed to be practically uniform (except for E 7 and E 9) and thus the CSR

absolute contribution to the hazard is the same for each plant. Therefore, as the

distance of the sites to the New Madrid region increases, the exposure decreases

and the relative importance of the CSR becomes more and more apparent. For

example, considering the synthesis PGA at 1,000-year return period, the average

contribution for each site is as follows:

Contribution (percent)

CSR NM

DRESDEN 45 47
PALISADES 56 24
LA CROSSE 82 25
BIG ROCK POINT 93 3

These zone contributions must be interpreted with caution since, as mentioned

previously, they re exposure dependent.

Contribution Variation with Return Period

As the return period increases, the contribution to the hzard is shifted from

low-level activity sources toward more seismic sources. This is presented below

for Dresden nd Palisades. This trend is general since for long return periods,

sources with low upper magnitude cutoffs contribute to the hazard only through

the uncertainty in attenuation relationships whereas sources with higher seis-

micity still generate events. However, a number of parameters (level of

seismicity, upper magnitude cutoff, distance) with competing effects mitigate

the impact of this phenomenon. Therefore, it is, in general, of little importance.
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Variation of Source Contribution to Hazard (PGA) versus Return Period (percent)

DRESDEN PALISADES

RETURN PERIOD(Years) 200 _I 2000 _4 000 200 11000 _4 000
j_ __ _j_

Central Stable Region 60 61 58 68 79 82

New Madrid 34 35 40 12 13 15

Anna 4 -- -- 18 7 2

Contribution Variation with Frequency

The contribution of the different sources varies greatly as a function of the

frequency considered. As shown below, the effect of the New Madrid region

increases dramatically with period.

Such a trend is expected since the energy of motion attenuates faster with

distance in the high frequency range than in the low frequency. Hence, the large

earthquakes from New Madrid affect the distant sites mainly in the long period

range corresponding to the surface waves.

Variation of Source Contribution with Frequency Content (1,000-year RN

(percent)

PERIOD (SEC)

PGA 0.04 0.1 0.4 1.0 2.0 PGV MMI

Dresden

CSR 58 68 70 46 25 8 17 17

NM 37 31 28 49 72 92 83 83

ANNA 5 1 2 5 3 -- -- --
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Big Rock Po i nt

CSR 98 100 100 96 90 77 9 96

NM 2 -- -- 2 9 33 9 4

Site Specific Factors Affecting the Results

As discussed above, the contribution of different sources varies with frequency

and return period. In the following discussion, a 1,000-year return period and

frequency associated with PGA were chosen to evaluate the contribution.

DRESDEN

E 8 has a very low upper magnitude cutoff for CSR, which leads to a low exposure

at the site and therefore a large relative contribution for N 87 percent for NM

versus 13 percent for CSR). E 10 has a gentle recurrence slope GO for NM which

gives a high exposure at Dresden and a high contribution from NM 9 percent)

versus CSR 32 percent). The some ratio is recorded for E 12 which has an

average seismicity for NM and a low upper magnitude for CSR. For the other

experts, NM contributes about 35 percent.

Anna hs a rather low contribution, an average of percent with a range from 

to 9 percent. E 7 and E have a specific source in northern Illinois and model the

Sandwich fault explicitly. The contributions of their sources are very similar to

each other: CSR 24 percent), northern Illinois 30 percent), Sandwich fault 7

percent).

PALISADES

For this site the influence of New Madrid is decreased in favor of CSR and Anna

(20 percent). E81 E and E 12 stand out for the some reason as described above,

CSR 40 percent) versus NM 40 percent). The other experts show a much lesser
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influence of NM 16 percent) versus CSR 66 percent). The Sandwich fault only

contributes for I percent.

LA CROSSE

The some trend cis discussed bove is accentuated at this site with E 8 and E lo

giving CSR 65 percent) versus NM 33 percent), E12 giving CSR (80 percent)

versus NM 20 percent) and the others giving CSR (85 percent or more) versus

NM (I 3 percent or less). For E 7 and E, the contribution is divided between CSR

(63 percent) and northern Illinois 23 percent) with NM 14 percent). Anna and

the Sandwich fault add a negligible contribution to the hazard.

BIG ROCK POINT

For this site the contribution of CSR is overwhelming 87 percent to 00 percent)

and NM negligible 4 percent or less) except for E 0, CSR (81 percent) vs. NM

(10 percent). The Upper Michigan Source contributes a few percent (5 or less)

and Anna does not affect the site except for 3 experts (5 percent or less).

6.3 SSRS FOR SITES IN EASTERN UNITED STATES

The remaining five sites, Ginna, Connecticut Yankee, Millstone, Yankee Rowe

and Oyster Creek, are located in the eastern United States. Strictly speaking,

Ginna is located in the Central Stable Region, but it is close enough to the

eastern seismic sources to be influenced by them. The results for each site are

presented in Tables 65 through 69 and Figures 65 through 69, respectively,

for the Ginna, Connecticut Ynkee, Millstone, Yankee Rowe and Oyster Creek

sites. The UHS results presented in the tbles are those used as anchor points

for the Newmark-Hall spectra and Scaled Time History Spectra. The MMI values

presented in the tbles are only appropriate for soil sites since, as discussed in

Section 5.0, the intensity attenuation relation was developed exclusively for soil.

An adjustment for the site type was made, in our model, directly to the ground

motion parameter. Other things being equal, rock site intensities are USUGIly

slightly less than soil intensities; Medvedev 1965) provides a basis for this

adjustment.
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TABLE 65

GINNA

PGA, PGV and MMI
FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN 200 1000 4000
PERIOD
(YEARS) SYNTHESIS RANGE SYNTHESIS RANGE SYNTHESIS RANGE

PGA 2 113 80-170 214 132-369 361 203-661
(cm/sec

PGV 21 13-35 41 24-76 71 34-131
(cm/sec)

mmi 6.6 5.9-7.6 7.5 6.6-8.6 8.2 7.1 9.3
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TABLE 66

CONNECTICUT YANKEE
PGA, PGV and MMI

FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN 200 1000 4000
PERIOD
(YEARS) SYNTHESIS RANGE SYNTHESIS RANGE SYNTHESIS RANGE

PGA 2 135 86-167 252 135-359 404 189-668(cm/sec

PGV 20 11-29 37 17-61 63 25-115(cm/sec)

mml 6.7 5.5-7.5 7.5 6.0-8.4 8.1 6.4-9.5
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TABLE 67

MILLSTONE

PGA, PGV and MMI
FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN 200 1000 4000
PERIOD
(YEARS) SYNTHESIS RANGE SYNTHESIS RANGE SYNTHESIS RANGE

PGA 2 125 86-149 229 138-302 370 200-549(cm/sec

PGV 20 10-29 38 17-61 65 23-122
(cm/sec)

M.Al 6.5 5.5-7.4 7.4 5.9-8.4 8.0 6.3-9.3
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TABLE 68

YANKEE ROWE
PGA, PGV and MMI

FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN 200 1000 4000
PERIOD
(YEARS) SYNTHESIS RANGE SYNTHESIS RANGE SYNTHESIS RANGE

PGA 2 141 99-166 254 151-317 398 204-505(cm/sec

PGV 25 15-36 47 25-74 79 34-136
(cm/sec)

mml 4.9 6.0-7.7 7.7 6.6-8.6 8.4 7.0-9.5
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TABLE 69

OYSTER CREEK
PGA, PGV and MMI

FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN 200 1000 4000
PERIOD
(YEARS) SYNTHESIS RANGE SYNTHESIS RANGE SYNTHESIS RANGE

PGA 2 106 69-137 199 115-300 337 170-567(cm/sec

PGV 17 6-27 34 11-62 58 16-122
(cm/sec)

mm] 6.3 5.0-7.4 7.1 5.5-8.5 7.8 5.9-9.4
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The figures of SSRS for each site are in four sets representing return periods of

200, 1,000 and 4000 years nd the UHS for each expert at a 1,000-year return

period. The first three figures each present four curves: the Uniform Hazard

Spectrum, the Newmark-Hall spectrum, anchored at two points on the UHS curve

(peak acceleration and peak velocity), the Scaled Time History Spectra, anchored

at one point on the UHS curve (peak acceleration), and the Real Time History

Spectra, for selected records of mean magnitude 53. The STHS and RTHS are

for soil sites except those for the Connecticut Yankee site which are for rock.

All curves include a measure of uncertainty: the UHS, NHS and STHS by use of

the UHM for spectral anchor points, and the RTHS through the use of the one

sigma bound 84 percentile) of the data.

Regional Fctors Affecting the Results

As discussed in Section 62, these results are presented according to the opinion

of each expert n the contribution of his specific source of seismicity. The some

general variation in return period and period of the spectrum is observed cis

previously discussed. However, the patterns are not as clearly defined due

mainly to the complexity of the sources and the large variations from expert to

expert in zonation and zone credibility. In general, the background zones in the

east contribute a sizeable amount (10 to 30 percent) to the hzard at the sites.

This is due to the rather low credibility that experts assigned to source zones and

also to the sometimes large number of earthquakes unaccounted for after each

source seismicity Was substracted from the background. In both cases these

earthquakes were allowed to "float" over the whole background.

Expert Opinion

As in the central United States, the variation in the Uniform Hazard Spectra for

individual experts (Figures 6-5d, 6-6d, 6-7d, 6-8d, nd 6-9d) can be broadly

explained by identifying major differences in input from expert to expert. The

results from E8 are consistently low because he specifies very low upper

magnitude cutoff for many sources. ES specifies n upper magnitude cutoff of

MMI = XI I for all sources, but since his recurrence slope is fairly steep
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(0.575 0.125; MMI) the effect on the exposure is not as dramatic as could be

expected. Most of the hazard for this expert come from the bckground since he

assigned low credibility to most of the other seismic sources. Finally, Eo has

very gentle recurrence slopes 06 02) for several regions: Attica, Northern

St. Lawrence, Appalachian Plateau and Atlantic Coastal Plain. This, in general,

noticeably increases the exposure and gives large weights to those sources.

Site Specific Factors Affecting the Results

GINNA

Four sources are the main contributors for this site. The first two are the Attica

source 30-40 percent for high frequency (HF) down to 10-30 percent for low

frequency (1-F) ), nd the background 25-50 percent down to 15-25 percent for

high and low frequency, respectively). For more distant sources, the contribu-

tion increases with period. The contribution of sources varies from 527 percent

(HF) to 25-40 percent (LF) for Southern St. Lawrence and from 1-10 (HF)

percent to 625 percent (LF) for Northern St. Lawrence.

A few anomalies are worth noting: for E 8 the contribution of the Southern St.

Lawrence source jumps to 75 percent for T = 20 sec, due to a comparatively

high) upper magnitude cutoff in that source. For E 5, 60 percent of the exposure

comes from the background for the whole frequency range.

CONNECTICUT YANKEE AND MILLSTONE

Due to their proximity, the contribution to the exposure of these two sites from

the different sources is very similar. Three main regions contribute to their

seismic hazard: the Piedmont, the combination of Cape Ann, Maine and Boston-

Ottowa regions, and finally the background. The Atlantic Coastal Plain,

Southern St. Lawrence and Adirondack contribute to a lesser extent. The

Piedmont Region is the major contributor with 12-50 percent (HF) down to 645

percent (LF). Cape Ann contributes mainly in the low frequency range with 822

percent (HF) to 14-40 percent (LF). Maine is only specified by a few experts and

gives 914 percent (HF) to 120 percent (LF), while the contribution of Boston-
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Ottawa is somewhat constant over the whole frequency range (10-15 percent).

The background contribution varies from 14-40 percent (HF) to 12-20 (LF). The

Atlantic Coastal Plain is somewhat less important than expected due to the

rather low upper magnitude cutoff and zone credibility: 515 percent (HF) to 0-5

percent (LF). The influence of the Southern St. Lawrence varies greatly from

expert to expert: 06 percent (HF) to 020 percent (LF). The contribution of

Adirondack never goes beyond percent.

For E 41 one zone covering Cape Ann and part of the Piedmont contributes about

40 percent for all periods. The particular zonation of E gives the following

distribution: background 45 percent (HF) to 65 percent (LF); Green Mountain

zone 30 percent (HF) to 7 percent (LF), and Piedmont 15 percent (HF) to 

percent (LF). The low upper mgnitude cutoff of E. mke the Northern nd

Southern St. Lawrence znes stand much above the average at long periods: 53

percent and 30 percent respectively. The recurrence slope of 06 for the

Atlantic Coastal Plain (E 10 ) increases its influence for long periods 20 percent).

Finally, the localized zone of E 13 in the northern prt of the Piedmont increases

the influence of that area: 68 percent (HF) to 45 percent (I-F).

YANKEE ROWE

Due to its proximity to the apparently complex tectonic function of New

England, the experts' opinions about the contribution of each source vary. Thus 

more detailed sensitivity analysis would be required to determine the impact of

each of them in a more quantitative manner. Three major contributors are

observed: the Piedmont, the New England zones, including in particular Cape

Ann and Boston-Ottowa, and the background. Adirondack remains at all times a

rather low contributor. The contribution of the Piedmont varies from 16-40

percent (HF) to 10-30 percent (LF), except for E for which it varies from 

percent to 0. Cpe Ann and its alternate zones contribute for 10-40 percent

(HF) to 10-35 percent (LF) except for E3 (5 to 2 percent).

The influence of the Boston-Ottowa zone goes from 718 percent (HF) to 10-38

(LF) except for E 0 (4 percent). The background contributes from 14-37 percent

(HF) to 13-25 (LF) and Adirondack from 5- 1 0 (HF) to 37 (LF).
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For some experts (E 4, 10, 11, 12 ), the Southern St. Lawrence zone has a

noticeable effect of 819 percent (HF) to 19-23 percent (LF). For Eo the

Northern St. Lawrence influence varies from 9 percent to 27 percent. Finally

due to the usually low upper magnitudes of E 81 both Northern and Southern St.

Lawrence zones become very important in the long period range, 37 and 40

percent, respectively. Due to the particular function of ES' the background

takes an unusually large importance of 60 percent.

OYSTER CREEK

For this site, three sources are well-defined major contributors: background, 25-

60 percent (HF) to 25-55 percent (LF); Piedmont, 15-45 percent (HF) to 0-50

percent (LF); and the Atlantic Coastal Plain, 11-33 percent (HF) to 434 percent

(LF).

Again for E5 the background stands out as the primary contributor at 77 percent,

and for E8 the Northern and Southern St. Lwrence become important at long

periods: 64 percent and 36 percent, respectively.

6.4 CONCLUSIONS

This report has compared four possible techniques for generating site-specific

spectra. It hs been emphasized that there are important differences between

these approaches that are manifested in the differences between the spectra

presented in this section. Summarily, the four approaches appear to yield

spectral shapes that are, broadly speaking, comparable, or at least their differ-

ences can be explained. On the other hand, there is much less basis for

comparing the important spectral anchor points predicted by the UHM; recall

that both the Newmark-Hall and the Scaled Time History Spectra were all

normalized to the PGA estimate. The PGA is such a provocative parameter due

to its precedent and use as a scale parameter that the predictions from this

study deserve special comment.

First of all, we note that the level of predicted PGA is quite high in the

northeastern U.S. relative to central U.S. This regional difference results mainly
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from a much greater uncertainty in northeastern U.S. seismotectonics by the

expert panel. Recall that in the UHM, even if the means are equal, a greater

uncertainty is translated into a higher value. A review of the seismotectonic

maps provided by the experts (TERA, 1980b) will graphically illustrate the

differences among the experts, which demonstrates the greater uncertainty.

While it is obvious from the expert panel that objective data in this area are

limited, it is not obvious that the underlying natural phenomena are inherently

uncertain. Therefore, additional investigations which would reduce this uncer-

tainty should dramatically reduce these PGA predictions.

A second major point is that there s an inherent conservatism contained in a

Uniform Hazard Spectra since real structures and systems are not single degree

of freedom oscillators. This conservatism must be taken into account when

interpreting the results. The nature of I'-ie conservatism, which was described in

detail in the TERA report on methodology development (TERA, 1980a), affects

not simply the PGA but all of the spectral ordinates. dditional analysis into

UHS conservatism nd more sensitivity studies would permit, if necessary, more

specific conclusions for particular sites.

A third topic that strongly influences the PGA (as well as other spectral

ordinates) is the model for dispersion around the mean attenuation predictions.

While the dispersion used in this analysis (natural log normal dispersion of 09,

truncated at the 2-sigma level) has technical bisis and precedent, the sensitivity

studies show that this is the most significant generic parameter. We strongly

encourage a detailed investigation into acceleration dispersion with the objective

of refining this model.

Summarily, the significant contribution of this effort is a focusing of the issues

such that future analyses, should any be required, can be directed at the most

significant prameters and the most crucial sites.
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I. INTRODUCTION

The US NRC has initiated a Systematic Evaluation Program (SEP) to evaluate
the sfety of several older operating nuclear power plants. Part of this

evaluation concerns the adequacy of the seismic design, for which the US NRC

has commissioned Lawrence Livermore Laboratory (LLL) to assist in the

evaluation. On August 23, 1979, LLL and their subcontractor, TERA Corpora-

tion, issued three reports that presented an overall seismic evaluation method-

ology together with extensive results derived from an application of this

methodology to ten SEP plant sites. Certain inadequacies of the methodology

were acknowledged in these reports. These and other issues were reinforced by

various reviewers of the reports.

The goal was to determine the significance of these issues, and it was decided to

Undertake a sensitivity study to determine the issues worthy of additional

investigation. Presented herein are the results of that sensitivity study.

It is important to note that this sensitivity analysis was not applied to the input

provided by the experts, but rather upon the assumptions and interpretations

placed on the expert input by LLL and TERA.

The points addressed in this study can be divided as follows:

Interpretation of credibility in zonation

Choice of the 1000-year period versus the'unconstrained
time period for the choice of the upper magnitude event

Choice of an attenuation model, including uncertainty
associated with the attenuation lw.

In addition to the above analyses, we extended specific calculations presented in

the August 1979 report. These calculations were constructed to reveal the

distance ranges and magnitude intervals that dominated the predicted seismic

loads. The results for one site were presented in the August 1979 report; more

extensive results are reported herein for all the other sites. In these latter
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cases, some of the sensitivities were only run for three representative experts:

the two extemes and one close to the synthesis. For the central U.S. sites, they

were experts 8 9 and 10 (low, synthesis, high), and for the eastern sites, experts

8 3 and 10.

For convenience, detailed descriptions of all the specific calculations performed

are presented in this section. The following sections also provide the results of

the calculations and an interpretation.

ZONATION

In the August 1979 Methodology Report, a procedure of zone superposition was

used to represent the different zones provided by an expert to model a given

source. An additional "background" zone, defined cis the union of the zones

presented by all the experts for that source area, was used for each expert, and

earthquakes were assigned to this background as a function of the credibilities he

assigned to his zones. This zonation will be referred to as "background

zonation." The objective of the background region was to properly account for

the credibilities provided by each expert; but there are some obvious problems

with such an approach. The first, and perhaps most serioub, is that the concept

permits interdependence of results between experts, since the background

definition is an amalgamation of their individual judgments. The second problem

is that the concept is an acknowledgement of an uncertainty that is perhaps

artificial and, in this analysis, conservative. Since, in the present case, none of

the sites is located within a highly seismic source, the background, by allowing

earthquakes to occur over a larger area (and therefore closer to the site)

increases the hazard at the site. Conversely, if a site were located within a

highly seismic source, the background, by spreading the seismicity, would reduce

the hazard at the site.

In order to bound the problem, we considered the other zonation extreme which,

in this analysis, would be situated on the unconservative side, since it restricts

the location of earthquake occurrence. Rather than overlay some zone repre-

senting several interpretations of the some source region, this analysis used the
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zonation provided by each expert recognizing that he had the highest confidence

in his own zones. Therefore, the seismicity was modeled by a set of adjacent

zones (no overlay), and no background was used. All the activity and the upper

magnitude cutoff were restricted within each of the expert's zones. This

zonation will be referred to as "no background zonation" and will be considered

ins the base case for further sensitivities (attenuation models, uncertainty,

distance contribution, etc.). As in the August report, the input from each expert

was run independently, and a synthesis was obtained t the level of the results

using the some combination rule. A set of maps showing this zonation for each

expert is presented in Appendix 

UPPER MAGNITUDE CUTOFF

For the emerts who had specified an upper magnitude cutoff significantly

different for the 1000-yecr than for the unconstrained time period, the analysis

was rerun using the unconstrained time period event.

ATTENUATION

One of the attenuation models used in this report is presented in the August 1979

report. It is herein referred to as the "August attenuation." Two additional

models were considered as part of this sensitivity study. They are referred to as

"Ossippeell and "Gupta-Nuttli," and are described in the following paragraphs.

For completeness, we first briefly summarize below the form of the attenuation

model used in the August report with the assumption that both intensity and mb

are equivalent in the East and in the West, this approach was based on a

combination of the relation

1 = 2mb - 35
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and the intensity ttenuation relation of the 1968 southern Illinois earthquake

with ground motion correlation of the form

In (GM) = C I C s C3 In (r) (1)

where

GM PGA, PGV, or PSRV

I s site intensity

r epicentral distance

I 2P C3 regression parameters presented in the August
1 979, report

One physical motivation for the use of this functional form is that it explicitly

permits a change in the frequency content of strong motion with distance. While

this is intuitively appealing, there is no direct evidence that this is the correct

formulation, and we account for this uncertainty in the formulation of the

January 1980 models presented below.

To overcome some of the deficiencies of the ground motion attenuation

relationship of Equation (1) a new model was developed relating ground motion

parameters to magnitude and site intensity,

In (GM) = f W I ) (2)

This model, when applied in the East, assumes that the source effects, for a

given magnitude erthquake, are similar in the East and in the West. Further-

more? for an event of a given size, it assumes that the given level of ground

motion is representative of the same degree of damage, independently of

distance. We examine below why these assumptions are appropriate and compare

them to the assumptions used in the previous analysis.

In fhe previous relationship, the use of distance in place of magnitude in

Equation 2) led to a complicated relationship between In (GM) and distance, due
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in part to the effect of magnitude. Upon examining the data, it became

apparent that, for a fixed site intensity, In (GM) initially increased with distance

before beginning to attenuate. Apparently, out to distances of 50 km or so, the

net effect of n increase in magnitude with distance, for a fixed Is , was to

increase ground motion. At greater distances, the net effect was attenuation of

ground motion. This explained to us why the previous relationship inappropriate-

ly predicted that some of the longer spectral ordinates would monotonically

increase with distance for a fixed site intensity. In contrast, it was observed in

the new model that, for a given magnitude, ground motion did monotonically

increase with site intensity, as would be expected based on physical rguments.

Once the importance of magnitude was recognized and included, one needed only

to assume that the characteristics of the source for a given magnitude were

similar in the eastern and western United States to hypothesize the functional

relationship in 2).

Making Equation 2 independent of distance is consistent with the assumption

that the functional relationship is regionally independent. The result of including

distance would be to explicitly introduce western United States attenuation -in

this model, thereby making it inappropriate for use in the East. Attenuation

characteristics for the eastern United States were included through introducing

an intensity attenuation relationship into Equation 2), as was done in the

previous model.

We should note that, even without the explicit use of distance as an independent

variable, as in Equation 2), combining this expression with an intensity attenua-

tion relation creates ground motion expressions that appropriately incorporate

the change-of-frequency content of strong motion with both magnitude and

distance.

The model incorporated two alternative intensity attenuation relations. One of

the relations is an alternative to the southern Illinois model and is derived from

the Ossippee intensity data (Figures I and 2 The other model represents an

alternative to using the actual intensity data. For this case, we used the

intensity attenuation model developed by Gupta and Nuttli based on isoseismals.
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Figures 3 4 and provide a comparison between the August 1979 and January

Ossippee 1980 attenuation models. These figures show how the response spectral

ordinates vary with distance and magnitude (m b). Figures 6 and 7 show the

comparison between the above models and the Gupta-Nuttli relation, an empir-

ical Nuttli-Hermann relation, and a theoretical model developed by Nuttli

(entitled "Central United States"). For comparison purposes all curves have been

plotted in terms of sustained acceleration (70percent PGA). The regression

coefficients for a soil site are given in Tables I and 2 The correction for rock

sites is presented in the August 1979 report.

In the August report, the uncertainty associated with the attenuation law was

modeled by a lognormal distribution. The standard deviation (sigma) of In of the

PGA, PGV or spectral amplitude was chosen as 09, and the distribution was

truncated at two sigmas. Sensitivity analyses considered a sigma of 09 with

truncation at three sigmas, and a sigma of 07 with truncation at both two nd

three sigmas. An additional case considered a vriable sigma with distance as

supported by some studies: a sigma of 06 for distances smaller than 40-km and

of 09 for distances greater than 40-km, truncation at two sigmas.

DISTANCE CONTRIBUTION

The August reports showed the contribution of the major zones as a percentage

of the total hazard. As an additional analysis we now present the hazard

generated by different distance bands from the site. Three bands were

considered: a circle of 50-km radius centered at the site, a donut from 50 to

150-krn and finally distances greater than 150-km. The results present the load

generated by each of these three zones for different return periods. They do not

represent the contribution of the zones for a given load but provide a qualitative

indication for the contribution.

MAGNITUDE CONTRIBUTION

In the some spirit, the load generated by magnitudes smaller than, or equal to

and greater than, rn b = 5.0 (MMI = 65) are presented for the 200-, 1000- and

4000- year return periods.
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TABLE I

SUMMARY OF REGRESSION RESULTS

OSSIPPEE (SOIL)

In (GM) = C I C2 lo C3r + C4 In(r)

10 MMI
r -kilometers

Frequency
GM Units (Hz) Cl C2 C3 C4

PGA CM/S2 1.18 .56 -. 007 -. 1811,

PSA cm/S2 25.0 1.09 .59 -. 008 -. 196

PSA cm/S2 20.0 1.15 .58 -. 008 -. 197

PSA CM/S2 12.5 1.45 .57 -. 008 -. 198

PSA cm/s 2 10.0 1.59 .56 -. 0(8 -. 200

PSA cm/S2 5.0 2.30 .52 -. 007 -. 191

PSA cm/S2 3.3 2.05 .57 -. 008 -. 197

PSA cm/S2 2.5 1.85 .57 -. 007 -. 186

PSA cm/S2 1.0 -0.09 .71 -. 006 -. 165

PSA CM/S2 0.5 -1.45 .74 -. 005 -. 138

PGV cm/s -1.84 .64 -. 006 -. 167
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TABLE 2

SUMMARY OF REGRESSION RESULTS

GUPTA-NUTTLI (SOIL)

In (GM) = C I C2 lo C3r + C4 nr)

I0 MMI
r -kilometers

Frequency
GM Units (Hz) 1 C2 C3 C4

PGA CMIS2 2.70 .56 -. 0007 -. 733

PSA cm/S2 25.0 2.67 .59 -. 0007 -. 760

PSIA cm/S2 20.0 2.73 .58 -. 0007 -. 761

PSA CMIS2 12.5 3.04 .57 -. 0007 -. 768

PSA cm/S2 10.0 3.20 .56 -. 0007 -. 775

PSA cm/s 2 5.0 3.84 .52 -. 0007 -. 740

PSA cm/s 2 3.3 3.63 .57 -. 0007 -. 762

PSA cm/S2 2.5 3.34 .57 -. 0007 -. 719

PSA cm/S2 1.0 1.23 .71 -. 0006 -. 637

PSA cm/S2 0.5 -0.34 .74 -. 0005 -. 536

PGV cm/s -0.50 .64 -. 0006 -. 645
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II. GENERAL FINDINGS

ZONATION

In general, the change in zonation from background to no background reduces the

load by 15 to 25 percent. This reduction applies fairly uniformly over the

frequency band, leaving the spectral shape unchanged. The variation is depend-

ent upon both the particular expert and site, but has a tendency to bring the

experts closest to the synthesis together and to emphasize the divergence of the

experts on the fringes. One would expect this load reduction, since the

"background" zonation previously llowed larger earthquakes to occur closer to

or under the site than the "no background" zonation. In the central U.S., the "no

background" zonation confined events to within their own zones and decreased

the seismicity of the Ceniral Stable Rection, furthering the decrease trend. Only

in the case where a site is within a highly seismic zone would the "no

background" zonation increase the load at that site. This was not the case for

the sites considered. The important conclusion is, therefore, that these results,

together with the August 1979 results, span the range of results possible for

reasonable models of the bckground seismicity.

UPPER MAGNITUDE CUTOFF

Most experts either specified the some size event for the 1000-year (the

unconstrained) time period, or the vriations in event sizes were so small that

they would not affect the results. The two experts who required recomputation

were E8 and E; the increase for those experts was generally less than 

percent at 1000 years RP, and this increase was diluted in the synthesis by the

unchanged loads predicted by the other eight experts.

ATTENUATION

The attenuation model proved, as expected, to be a very sensitive parameter,

particularly in the longer period range where the influence of the shape of the

attenuation and the contribution of large distant earthquakes are more
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pronounced. The summary of results is presented in Tables 3 and 4 In general,

using Ossippee vs. the August attenuation model left PGA unmodified for all

sites except Dresden and Palisades. For these two sites the relative contribution

of New Madrid with respect to other sources is significant when using the August

attenuation, but is drastically reduced by the use of the Ossippee attenuation.

This was not the case for the other sites. The use of Gupta-Nuttli vs. Ossippee

had a variable effect on PGA (15 percent increase to 15 percent decrease).

There is a tradeoff between the contribution in the 0200 km range where

Ossippee is higher, and greater distances where it is lower than Gupta-Nuttli.

The end product of this counterbalancing effect is a function of the location of

the contributing sources. It makes little or no difference for Big Rock Point and

Palisades. However, this results in increasing PGA at La Crosse and Dresden by

about 15 percent and decreasing it for the eastern sites by about 15 percent.

The PGV, however, was very sensitive to the attenuation model, the effect being

most strongly felt for sites whose hazard is influenced by distant sources. The

decrease in PGV varied between 30 and 60 percent using Ossippee versus August

attenuation 30 percent at Big Rock Point to 60 percent at Dresden, with

La Crosse and Palisades in between and approximately 35 percent for the eastern

sites). Some of the conclusions regarding the Gupta-Nuttli attenations are based

on partial results. It was only applied to three experts 3, 8, 10) for the eastern

sites.

The uncertainty associated with the attenuation law has a dramatic effect on the

results, particularly for long return periods. For a fixed number of sigmas, a

variation of sigma has a multiplicative effect. Conversely, for a fixed sigma,

the variation in the number of sigmas has an asymptotically decreasing effect,

since the added probability of exceedence decays as the tail of the lognormal

distribution.

At 1000-year RP, increasing the truncation from two to three sigmas increases

the PGA f rorn 20 to 35 percent f or sigma = 09 and f rom 15 to 25 percent f or

sigma = 07. For PGV those quantities are respectively to 15 percent and 6 to

12 percent. These variations increase with return period and at 4000 years RP

(up to 45 percent).
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For completeness alone, we have considered physically unjustified combinations

of the sigma and the number Of igmas to truncation. The purpose is simply to

dramatize the significance of these parameters. For example, the three sigmas,

sigma = 09 seems clearly over-conservative, and the two sigmas, sigma = 07

possibly unconservative. However, the three sigmas, sigma = 07 seems very

defensible. In all cases, the three sigmas, sigma = 07 leads to PGA smaller by

up to 15 percent than the two sigmas, sigma = 09. The PGV are usually slightly

smaller or equal. The sensitivity case considering an uncertainty variable with

distances (sigma = 06 for R < 40 km and 09 for R >40 km) leads to smaller

loads (10 percent) when the near source contribution to the load is relatively

important (Connecticut Yankee and Millstone for E Dresden for E for31
example). When the relative contribution of the near source is relatively small

like in the case of Ginna (the Attica zone being more than 40 km away from the

site), the decrease is negligible.

DISTANCE CONTRIBUTION

We find that generally the 1000-year RP load generated within a 0 km rdius

from the site is smaller than the load generated from the donut 50 to 15 km

from the site. This interesting conclusion is dependent, of course, on the

seismicity levels around the site and is furthermore strongly dependent on the

return period of the load as will be shown below. Although the conclusion

appears to violate the common premise that the preponderance of the seismic

load comes from small nearby events, we believe that the sensitivity results

represented below will show that such a result is a by-product of including

uncertainty in a probabilistic hazard analysis.

• First, the hazard is not computed from an event closest to
the site, but integrated over the whole area. As the area
of the donut is eight times larger than that of the circle,
a much larger number of events (even though more
distant) have a potential of occurring in the donut.

• The shape of the attenuation in the first hundred kilo-
meters is critical since events at 60 km may have n
effect comparable to the ones at 40 km. This point is
presented in Figure 6.
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The level of load considered is critical as well. Let us
consider a model using a deterministic attenuation (no
uncertainty. If we consider a load corresponding to the
occurrence at 50krn from the site, of the upper magni-
tude cutoff in the seismic zone, all the contribution to
this load will come from within 50 km and nothing from
outside 50 km. But as we consider smaller loads, the
contribution of events occurring beyond 50 km will be
brought in and the shorter distance vs. greater rea will
start counterbalancing each other. As the load of interest
decreases this trend will accelerate. In the analysis, we
are considering loads small compared to the lrgest
possible and this effect is present.

0 Finally, the uncertainty associated with the attenuation
reinforces the previous point to the extent that the
influence of the greater area takes over. A sensitivity
showing the influence of the uncertainty and return period
in the respective contribution of the three distance bands
is presented in Tables n(' 6 for Big Rock Point and
Dresden.

MAGNITUDE AND CONTRIBUTION

There is no general rule regarding the load generated by events with MMI 65

versus events with MMI > 65 as it depends much upon the upper magnitude and

the recurrence slope specified by the expert. However, for experts whose results

are close to the synthesis, the 1000-year RP load are somewhat similar, and in

general, the relative contribution of events with MMI > 65 increases with return

period.
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TABLE 

BIG ROCK POINT

Expert 9

PGA for 1,000- and 4,000-year return period

RETURN
PERIOD 1,000 4,000
(Years)

No. of Sigmas 1 3 1 3

0'In PGA .4 .9 .4 .9 .4 .9 .4 .9

PGA (cm/sec 2)

OSSIPPEE

R < 50 km 38 42 4 56 66 76 73 126

5 < R < 50 km 42 48 47 84 6 75 7 151

R > 50 km 4 2 23 46 23 33 33 75

GUPTA-NUTTLI

R < 0 km 33 36 36 48 58 67 64 112

50< R< 150 km 31 36 36 65 45 55 53 113

R >150 km 25 34 35 80 36 48 48 26
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TABLE 6

DRESDEN

Expert 9

PGA for 1,000- and 4,000-year return period

RETURN
PERIOD 1,000 4,000

(Years)

No. of Sigmas I 1 3

a 0'r In PGA .4 .9 .4 .9 .4

PGA (cm/sec 2

OSSIPPEE

R -< 50 km 69 78 76 12� III 133 130 254

5 < R < 50 km 57 70 66 128 8 1 102 00 223

R ? 150 km 33 40 39 79 44 57 55 128

GUPTA-NUTTLI

R < 0 km 60 69 67 115 98 120 113 222

5 < R < 50 km 43 5 1 50 99 6 77 73 164

R > 50 km 51 6 60 127 73 92 88 2 2
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Ill. SITE SPECIFIC COMMENTS FOR CENTRAL UNITED STATES (CUS)

Four of the sites, Dresden, Palisades, La Crosse and Big Rock Point are located

in the central United States. We present these sites together, since the

seismological factors influencing the seismic loads for these sites are substan-

tially different from those influencing the Eastern United States. To support the

conclusions and interpretations presented below, we hve included the detailed

results in Appendix 11 for the Dresden, Plisades, La Crosse and Big Rock Point

sites in that order.

The following discussion compares the contributions of various factors to the

seismic hazard. The contribution of a source is measured relative to the

contributions of the other sources. Hence, if one source has a constant effect

and the others a decreasing one (e.g., as a function of distance), the go-)al

exposure decreases and the contribution of that source increases.

The general comments regarding the contribution of the different sources to the

Site-Specific Response Spectrum (SSRS) cis a function of the return period and

the period of the spectrum still apply. Generally as the RP increases, sources

with higher upper magnitude cutoff become more important and outweigh

sources with lower upper magnitude cutoffs located at the some distance.

Similarly, over the frequency range of the spectrum, the contribution shifts from

nearby events, rich in high frequency energy, toward distant events whose high

frequency is filtered out and which contribute mainly to the long period end of

the spectrum.

When not otherwise indicated, the loads refer to the synthesis of 1000-year

return period.
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Site-Specif ic Factors Affecting the Results

DRESDEN

Using the Ossippee attenuation decreased PGA by percent and PGV by 63

percent. This is explained by the greatly reduced influence of the New Madrid

Region, particularly in its contribution to PGV, one of the characteristics of the

Ossippee model being to attenuate rapidly and therefore reducing the influences

of distant zones. This point is emphased in the following table.

Variation of Source Contribution with Attenuation Model

PGA PSRV (.4 sec.) PGV

Att I Att 2 Att I Att 2 Att I Att 2

CSR 58 90 46 80 17 90

NM 37 10 49 20 83 10

ANNA 5 -- 5 -- -- --

with:

CSR = Central Stable Region

NM = New Madrid Region

Att I = August attenuation

Att 2 = Ossippee

Only Expert 10 (Elo) (low b value for NM) departs from the mean with a 40

percent contribution from NM for PGA and 70 percent for PGV for Att 2.
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Continuing with the use of a shorthand notation, we now define two uncertainty

models, Unc I and Unc 2 Varying the uncertainty model from two sigmas,

sigma = 09 (Unc. 1) to three sigmas, sigma = 07 (Unc 2 reduced PGA and PGV

by IO percent.

For E, PGA generated from within 50 km is greater than PGA generated from

the 50 to 150 km donut, due to the presence of the Northern Illinois Zone and the

sandwich fault. This trend is more pronounced at 4000-year RP.

For E, PGA generated by events of MMI 65 and MMI > 65 is similar, whereas

the MMI :5 65 contribute more for E 8 (low upper magnitude) and less for E 10

(low b value for NM). This phenomenon is more pronounced for PGV due to the

greater influence of NM.

PALISADES

Using Att 2 vs. Att I decreased PGA by 12 percent and PGV by 52 percent,

whereas the Gupta-Nuttli attenuation (Att 3 vs. Att. 1) decreases PGA by 2

percent and PGV by 35 percent. The loads from NM re negligible with Att 2

and the contribution is divided between CSR 90 percent for PGA and 80 percent

for PGV, nd Anna 10 percent for PGA and 20 percent for PGV, although the

contribution of Anna varies greatly between individual experts (zero for E31 E51

E II, E12 to 42 for E7). Using Att 3 the role of NM is increased to 25 percent

(PGA) and 55 percent (PGV) at the expense of the CSR. E 10 stands out again

predicting 90 percent of both the PGA and PGV from NM.

The variation in uncertainty models (Unc I vs. Unc 2 leads to a 10 percent

decrease in PGA and PGV. For E 81 who has very low PGV, there is no variation.

The loads generated by the three distance bonds are bout of the some order.

For E, the PGA and PGV from the two closest bonds are greatly reduced with

respect to Dresden (up to 100 percent) due to the reduced influences of Northern

Illinois, whereas the loads generated from distances greater than 150 km remain

unchanged.
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LA CROSSE

The choice of ttenuations does not have much influence on the PGA and reduces

PGV by 35 nd 18 percent (Att 2 and Att 3 repectively, versus Att. 1). This is

explained by the further reduction of NM. For Att 2 the PGA and PGV now

come totally from CSR, except for E7 and E whose Northern Illinois Zone

contributes 30 percent (PGA) and 40 percent (PGV). For Att 3 the influence of

NM is 20 percent (PGA) and 50 percent (PGV), except for E 8 who postulates

small upper magnitude cutoffs and E 10 who has a strong NM 70 percent for PGA

and 95 percent for PGV).

The variation in uncertainty models leads to the same conclusions as for

Pal isades 10 percent decrease, except E8 whose PGV does not change).

The loads from the two closest distance bonds are the some as for Palisades but

contribution of events at distances greater than 1 50 km is reduced by 45 percent,

indicating the reduced effect of NM and Northern Illinois.

E8 has no contribution from events with MMI >6.5 as all contribution comes

from the CSR. E and E 10 have an equal contribution from both MMI ranges for

PGA and a 40 percent greater contribution from MMI > 65 for PGV.

BIG ROCK POINT

The same general remarks presented for La Crosse apply to this site. The

attenuation laws do not modify the PGA noticeably but reduce the PGV by 29

and 21 percent (Att 2 and Att 3 respectively, versus Att. 1). Even for Att 3,

the importance of the CSR is overwhelming--80 to 100 percent for PGA.

However, for PGV it is reduced to 25 percent in favor of NM for several experts

(E71 E81 E10, E12 ). The Upper Michigan Zone contributes up to 14 percent.

The comments relative to uncertainty models, distance and mgnitude contribu-

tion presented for La Crosse apply to this site as well.
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IV. SITE-SPECIFIC CMMENTS FOR EASTERN UNITED STATES (EUS)

The remaining five sites, Ginna, Connecticut Yankee, Millstone, Yankee Rowe

and Oyster Creek, are located in the eastern United States. Strictly speaking,

Ginna is located in the Central Stable Region, but it is close enough to the

eastern seismic sources to be influenced by them. The results for each site are

presented in Appendix III for the Ginna, Connecticut Yankee, Millstone, Yankee

Rowe and Oyster Creek sites in that order.

The comments presented in the August 1979 Results Report regarding the

general input of some experts are still applicable. The results from E 8 are

consistently low because he specifies very low upper magnitude cutoff for many

sources. E 5 specifies an upper magnitude cutoff of MMI = XII for ll sources, but

since his recurrence slope is fairly steep 0.575+ 0125; MMI) the effect on the

exposure is not as dramatic as could be expected. Most of the hazard for this

expert comes from his global Eastern Zone, since he has only two additional local

sources. Finally, E 10 has very gentle recurrence slopes 06+ 02) for several

regions: Attica, Northern St. Lawrence, Appalachian Plateau and Atlantic

Coastal Plain. This, in general, noticeably increases the exposure and gives large

weights to the above-listed sources.

In the East, contrarily to Dresden, the use of the August attention (Att. 1) versus

the Ossippee model (Att 2 did not modify the PGA by more then a few percent

(2 t o 5). The absence of governing distant sources explains this fact. For

Dresden, the nonnegligible contribution carried by New Madrid with Att I (PGA)

is removed when Att 2 is used. In the EUS, the contribution of distant highly

seismic zones, such as St. Lawrence, is small with Att. 1, and further reduction

of their contribution using Att 2 does not substantially affect the PGA. For the

PGV, on the other hand, the contribution of these sources with Att I is

important and the use of Att 2 which attenuates faster, reduces the loads

significantly, up to 50 percent. This point is in agreement with the rther stable

percentage of source contribution (see following tables) over the frequency range

for Att 2 compared to the wide variation previously reported for Att I (August

1979 Results Report).
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Varying the uncertainty model from two sigmas, sigma = 09 (Unc. 1) to the three

sigmas, sigma = 07 (Unc 2 reduced the PGA and PGV by approximately

10 percent on the average.

As the return period increases, this effect has a tendency to decrease for PGA

and increase for PGV due to increased contribution from distant sources.

Site Specific Factors Affecting the Results

GINNA

The typical contribution (in percent) of the main sources using Att 2 is as

follows:

PGA PSRV (.4 sec) PGV

Attica 65 65 65

CSR 20 20 20

Appalachian Plateau 5 5 3

The notable exceptions to the average are discussed below. For E 51 the CSR

contributes 60 percent and Attica only 30 percent, as it is located eastward of

the Clarendon Linden fault; for PGV, Lower St. Lawrence contributes 100

percent. For E 0, Attica, which has been extended under the site, contributes 90

percent.

The 50 to 150 k-n bond generates a large load as it includes Attica, except for

E10 (Attica zone under the site) and E8(Attica located at more than 150 km).
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MILLSTONE

The typical contribution (in percent) of the min sources using At 2 is cis

follows:

PGA PSRV (.4 sec) PGV

South New England, or 80 80 75
Piedmont

Atlantic Coastal Plain 1 5 1 5 20

Cape Ann 5 5 5

For E5, the local South Central Connecticut zone contributes 35 percent. For

E10, the low b value of the Atlantic Coastal Plain increases its contribution to

65 percent. For E I II the Atlantic Coastal Plain contributes 40 percent, Maine

30 and Cape Ann 20 percent.

CONNECTICUT YANKEE

The typical contribution (in percent) of the main sources using Aft. 2 is as

follows:

PGA PSRV (.4 sec) PGV

Piedmont 90 90 80

Atlantic Coastal
Plain, or Cape Ann, 10 10 20
Boston-Ottawa

For E5, the local South Central Connecticut source contributes 40 percent. For

E81 the Piedmont contribution is reduced to 50 percent and the South New

England zone carries 40 percent. The Atlantic Coastal Plain of Eo is again a

strong contributor 40 percent). For E I 11 the contribution is divided between

Cape Ann 30 percent), Maine 35 percent), Northern Appalachia 20 percent) and

the Atlantic Coastal Plain (10 percent).
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OYSTER CREEK

For this site, the experts can be divided in two groups as a function of the

contribution of the sources for Att 2:

PGA PSRV (.4 sec) PGV

(1) (2) (1) (2) (1) (2)

Atlantic Coastal Plain 90 65 90 65 95 65

Piedmont 8 '30 8 30 6 30

with:

I = Expert 7 8 9 0

(2 = Experts 3 4 1 1, 12 13

For E 5all the loads come from his Eastern Global zone.

YANKEE ROWE

Due to its proximity to the complex zonation of New England, the contribution

of each source to the hazard at this site varies greatly among experts. Two

major contributors are observed: Cape Ann or Boston-Ottawa 25 to 60 percent),

and the host region, whose shape is variable and which is at times part of New

England 40 to 70 percent). Lower St. Lawrence has a low contribution 0

percent), except for E who gives a different shape'(55 percent). Only for E is4 8
Adirondack significant, with 25 percent.
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APPENDIX II

RESULTS* FOR:

DRESDEN

PALISADES

LA CROSSE
BIG ROCK POINT

Values of PGA <10 cm/sec 2 and PGV <5 cm/sec should be disregared in the tables.

In the graphs, spectral amplitudes less than 20 cm/sec 2have not been platted.
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DRESDEN

PGA AND PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN 200 1000 4000
PERIOD - -
(YEARS) SYNTHESIS RANGE SYNTHESIS RANGE SYNTHESIS RANGE

PGA (1) 83 62-124 159 112-261 268 176-435
(cfn/secl) (2) 70 51-114 1 31 82-233 216 114-375

(3) 57 36-80 108 61-151 173 84-247

(4) 68 48-115 124 84-235 198 122-369

PGV (1) 17 9-34 38 19-84 70 31-156

(cm/sec) (2) 14 8-33 30 15-79 51 24-137

(3) 5 3-9 11 6-18 18 8-29

(4) 8 5-17 16 10-34 25 15-54

(1) Background, August attenuation

(2) No background, August attenuation

(3) No background, Ossippee

(4) No background, Gupta-Nuttli
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DRESDEN

NO BACKGROUND, OSSIPPEE ATTENUATION

EXPERT 8 9 

PGA and PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD
(YEARS) 200 1000 4000

8 9 10 8 9 10 8 9 10

PGA R< 50km 9 44 13 43 113 64 80 207 126
(cm/sec')

5D<R<150km 28 55 40 47 107 83 64 167 150

R>150km 24 36 47 37 64 95 53 100 158

PGV R< 50km 1 4 1 5 10 5 6 18 1 1

(cm/sec) WR<150km 1 5 3 4 1 1 8 17 15

R>150km 2 3 7 5 8 16 7 12 27
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DRESDEN

NO BACKGROUND, OSSIPPEE ATTENUATION

EXPERT 8 9 

PGA and PGV FOR 200, 1000. and 4000 YEAR RETURN PERIOD

RETURN
PERIOD
(YEARS) 200 1000 4000

8 9 10 8 9 10 8 9 10

PGA MMI < 65 33 62 43 58 109 81 82 157 117
(cm/sec')

MMI > 65 22 48 56 37 118 120 53 225 216

PGV MMI < 65 2 5 2 5 10 6 6 13 10
(cm/sec)

MMI > 5 2 6 9 5 13 18 7 23 29
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DRESDEN
NO BACKGROUND

EXPERTS 8 9 

PGA AND PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD
(YEARS) 200 1000 4000

PGA (cm/sec2) 8 9 10 8 9 10 8 9 10

August Att. (1) 51 84 114 82 157 233 114 265 375

Ossippee (1) 36 80 68 61 151 134 84 244 220

(2) 43 90 84 77 183 175 121 325 287

(3) 30 64 56 46 117 106 63 185 167

(4) 32 70 66 53 133 123 77 216 208

Nuttl i /Gupta (1) 52 78 121 84 1 41 235 122 220 368

(2) 66 100 145 115 186 284 174 295 506

(3) 41 62 101 65 110 181 92 166 277

(4) 46 74 110 77 129 214 115 210 339

PGV (cffVsecl

August Att.
11 15 33 19 29 79 30 48 137

Ossippee (1) 4 8 10 6 14 18 8 23 29

(2) 5 10 11 8 18 22 12 30 37

(3) 2 6 8 5 11 15 5 17 23

(4) 5 7 9 5 13 16 7 21 27

Nuttli/Gupta (1) 7 10 20 12 16 40 19 26 65

(2) 9 11 20 15 21 42 24 33 74

(3) 6 7 17 10 13 31 15 20 48

(4) 6 9 16 11 15 31 17 23 49

0 2 , cy .9
(2 3 .9
(3 2 .7
(4 3 .7
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DRESDEN

NO BACKGROUND, AUGUST ATTENUATION

EXPERTS 8 9

PGA and PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD 200 1000 4000
(YEARS) 8 9 8 9 8 9

PGA (1) 51 84 82 157 114 265

(cm/sec')(2) 61 87 105 165 153 284

PGV (1) 11 15 19 29 30 48

(cm/sec 2 13 16 26 31 41 53

(1) 1000 year upper magnitude

(2) Unconstrained upper magnitude
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PALISADES

PGA AND PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN 200 1000 4000
PERIOD
(YEARS) SYNTHESIS RANGE SYNTHESIS RANGE SYNTHESIS RANGE

PGA (1) 71 53-105 128 87-200 202 103-307
(cm/se C2) (2) 59 43-90 104 68-163 164 90-257

(3) 50 36-64 92 61-115 146 83-189

(4) 58 44-99 102 71-175 159 102-278

PGV (1) 14 9-26 29 17-55 52 28-97

(cm/sec) (2) 12 8-25 23 13-51 38 20-85

(3) 6 4-8 11 6-15 17 8-24

(4) 8 5-16 15 10-31 24 15-49

(1) Background, August attenuation

(2) No background, August attenuation

(3) No background, Ossippee

(4) No background, Gupta-Nuttli
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PALISADES

NO BACKGROU0, OSSIPPEE ATTENOATION

EXPERT 8 9 

PGA and PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD
(YEARS) 200 1000 4000

8 9 10 8 9 10 8 9 10

PGA R< 50km 9 8 13 43 54 64 80 111 126
(cm/sec')

SCY R<I 50kr 28 35 40 47 74 83 64 119 150

R >1 50 krr 24 36 41 38 65 77 52 102 Ill

PGV R< 50km 1 1 2 5 5 6 7 11 13

(cm/sec) S(Y R<150km 2 3 4 5 8 10 5 13 17

R';,I 50km 2 4 6 5 9 12 6 14 17
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PALISADES

NO BACKGROUND, OSSIPPEE ATTENUATIOIN

EXPERT 8 9 

PGA and PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETUP34
PERIOD
(YEARS) 200 1000 4000

8 9 10 8 9 10 8 9 10

PGA WI < 65 34 42 43 58 75 81 82 112 117
(cm/secl)

MMI > 65 16 37 50 34 84 104 52 149 173

PGV MMI < 65 3 3 3 5 7 7 7 'll 11
(cm/sec)

MMI > . 5 2 5 8 5 11 15 6 18 23

B-74



PALISADES
`0 BACKGROUND

EXPERTS 8 9 

PGA AND PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD
(YEARS) 200 1000 4000

PGA (cm/secl) 8 9 10 8 9 10 8 9 10

August Att. (1) 43 64 90 68 111 162 90 168 257

Ossippee (1) 36 55 64 61 103 115 83 158 189

(2) 43 65 78 77 126 158 120 216 263

(3) 30 44 52 45 80 90 62 123 147

(4) 32 49 61 53 92 110 76 145 182

Nuttli/Gupta (1) 44 60 104 71 104 185 102 155 277

(2) 55 75 119 96 140 235 142 217 395

(3) 34 47 82 54 79 142 74 119 208

(4) 40 57 95 64 100 165 93 147 256

PGV (crrVsec)

August Att. 8 12 26 13 23 50 20 36 85

Ossippee (1) 5 7 9 6 12 15 8 19 24

(2) 6 8 10 9 15 19 12 24 31

(3) 2 6 7 5 10 12 5 15 18

(4) 5 6 8 6 11 14 8 17 21

Nuttli/Gupta (1) 6 9 16 11 15 31 17 23 49

(2) 8 11 19 14 19 38 22 30 65

(3) 5 7 14 9 12 25 13 17 37

(4) 6 8 15 11 14 28 16 21 45

0 2 .9
(2 3 .9
(3 2 .7
(4 3 .7
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PALISADES

NO BACKGROUND, AUGUST ATTENUATION

EXPERTS B. 9

PGA and PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD 200 1000 4000
(YEARS) 8 9 8 9 8 9

PGA (1) 43 64 68 ill 90 168
(cm/sec')(2) 51 66 82 116 113 180

PGV (1) 8 12 13 23 20 36

(cm/sec 2 10 13 16 26 25 41

(1) 1000 year upper magnitude

(2) Unconstrained upper magnitude
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LACROSSE

PGA AND PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN 200 1000 4000
PERIOD
(YEARS) SYNTHESIS RANGE SYNTHESIS RANGE SYNTHESIS RANGE

PGA (1) 59 41-82 110 70-155 180 104-256
(cm/sec2) (2) 51 34-70 93 56-129 151 82-210

(3) 47 33-56 90 59-110 145 83-187
(4) 50 37-82 91 62-152 144 89-238

PGV (1) 10 6-18 21 13-38 36 23-61
(cm/sec) (2) 9 5-17 17 9-34 29 13-57

(3) 5 3-6 11 5-12 17 7-22
(4) 7 5-14 14 10-27 22 15-42

(1) Background, August attenuation
(2) No background, August attenuation
(3) No background, Ossippee
(4) No background, Gupta-Nuttli
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LACROSSE

NO BACKGROUND, OSSIPPEE ATTENUATION

EXPERT 8 9 

PGA and PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN 200 1000 4000
PERIOD
(YEARS) 8 9 10 8 9 10 8 9 '10

PGA R < 50km 9 8 13 43 54 65 80 111 126

(cm/sec2) 5 < R < 150km 28 43 40 47 86 83 64 14 1 5 0

R > 150km 13 24 21 21 45 42 29 71 69

PGV R < 50km 1 1 2 5 5 6 7 11 13

(cm/sec) 5 < R < 150km 2 4 4 5 10 10 5 16 17

R > 150km 1 1 5 6 10 10
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LACROSSE

NO BACKGROUND, OSSIPPEE ATTENUATION

EXPERT 8 9 

PGA and PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN 200 1000 4000
PERIOD
(YEARS) 8 9 10 8 9 10 8 9 10

PGA 2) MMI - 65 33 45 43 59 81 81 83 115 117
(cm/sec

MMI > 65 1 31 28 4 84 86 10 154 171

PGV MMI : 65 3 3 3 5 8 7 7 11 11
(cm/sec)

MMI > 6.S 5 4 11 11 18 21
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LACROSS E
NO BACKGROUND

EXPERTS 8 9 
PGA AND PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD
(YEARS) 200 1000 4000

PGA (cm/sec2) 8 9 10 8 9 10 8 9 10

August Att. (1) 34 59 70 56 106 129 82 162 210

Ossippee (1) 33 56 55 59 106 110 83 165 187

(2) 38 66 67 73 129 142 114 224 250

(3) 28 45 45 44 82 87 62 129 147

(4) 30 50 53 51 95 105 75 154 177

Nuffii/Gupta (1) 37 54 87 62 94 155 89 150 298

(2) 46 69 103 79 126 198 124 205 321

(3) 30 43 69 47 73 122 68 112 173

(4) 33 52 80 55 92 139 83 138 222

PGV (cm/secl

August Att. 5 10 17 9 19 34 13 29 57

Ossippee (1) 3 7 7 5 12 13 7 19 22

(2) 5 8 8 7 15 15 11 24 27

(3) 1 6 6 5 10 11 5 15 17

(4) 3 6 6 5 11 12 6 17 20

Nuttli/Gupta (1) 6 8 14 10 13 27 15 21 42

(2) 7 10 16 12 17 32 20 27 56

(3) 5 6 12 8 11 21 11 16 3 

(4) 6 7 13 9 12 24 14 19 38

(1 ) 2 .9
(2 3 .9
(3) 2 .7
(4) 3 .7
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LACROSS E

NO BACKGROUND, AUGUST ATTENUATION

EXPERTS B. 9

PGA and PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD 200 1000 4000
(YEARS) 8 9 8 9 8 9

PGA C2) (1) 34 59 56 106 82 162
(cm/se (2) 41 61 71 112 107 177

PGV (1) 5 10 9 19 13 29

(cm/sec) (2) 6 11 12 21 18 33

(1) 1000 year upper magnitude

(2) Unconstrained upper magnitude
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BIG ROCK POINT

PGA AND PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN 200 1000 4000
PERIOD - -
(YEARS) SYNTHESIS RANGE SYNTHESIS RANGE SYNTHESIS RANGE

PGA (1) 54 36-73 102 63-141 168 93-238

(cm/sec') (2) 47 32-64 87 53-116 143 81-188

(3) 45 33-56 87 59-110 142 83-187

(4) 45 32-70 81 52-121 127 79-182

PGV (1) 7 1-13 16 5-27 27 10-46

(cm/sec) (2) 7 4-13 14 5-25 23 7-42

(3) 5 3-6 10 5-13 17 7-22

(4) 6 4-12 11 7-21 18 11-31

(1) Background, August attenuation

(2) No background, August attenuation

(3) No background, Ossippee

(4) No background, Gupta-Nuttli
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BIG ROCK POINT

NO BACKGROUND, OSSIPEE ATTENUATIO14

EXPERT 8 9 

PGA and PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD
(YEARS) 200 1000 4000

8 9 Tu 8 9 To- 8 9 10

PGA R< 50krr 9 8 13 43 54 65 80 III 126

(cm/sec') 50<R<150km 28 34 40 47 73 83 64 118 150

R>150km 13 19 26 21 37 48 29 58 75

PGV R< 50km 1 1 2 5 5 6 7 11 13

(cm/sec) 5D� R< 1 50 kr.- 2 3 4 5 8 10 5 13 17

R'>150km 1 2 3 6 7 11
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BIG ROCK POINT

NO BACKGROUND, OSSIPPEE ATTENUATION

EXPERT 8 9 

PGA and PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD
(YEARS) 200 1000 4000

8 9 10 8 9 10 8 9 10

PGA WI < 65 33 39 43 59 74 81 83 112 117

(cm/secl) MMI > 65 22 33 64 86 128 171

PGV mml < .5 3 3 3 5 7 7 7 11 11

(cm/sec) Mr.": > 6.5 3 5 8 12 15 21
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BIG ROCK POINT
NO BACKGROUND

EXPERTS 8 9 
PGA AND PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD
(YEARS) 200 1000 4000

PGA (cm/sts!i 8 9 10 8 9 10 8 9 10

August Att. 'I) 31 50 64 53 91 115 81 152 188

Ossippe e (1) 33 46 56 59 90 110 83 153 187

(2) 38 53 68 73 113 143 114 195 250

(3) 28 39 45 44 73 87 62 118 147

(4) 30 42 54 51 83 105 75 136 177

Nuttl i /Gupta (1) 32 46 75 52 83 126 79 128 190

(2) 40 62 89 70 111 169 105 184 268

(3) 25 37 61 40 65 99 59 99 142

(4) 29 45 67 47 82 114 70 122 180

PGV (crrVsec)

August Att. 4 8 13 5 15 25 7 24 37

Ossippee (1) 3 6 7 5 11 13 7 16 22

(2) 5 7 8 7 12 16 11 21 27

(3) 1 5 6 5 8 11 5 13 17

(4) 3 6 6 5 10 12 7 15 20

Nuttli/Gupta (1) 5 7 12 7 11 21 11 17 31

(2) 6 8 14 10 15 26 15 23 43

(3) 3 6 10 6 9 16 9 13 24

(4) 5 6 11 7 11 19 11 16 29

M 2 a, cy .9
(2 3 a .9
(3 2 a .7
(4 3 .7
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BIG ROCK POINT

NO BACKGROUND, AUGUST ATTENUATION

EXPERTS 8 9

PGA and PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD 200 1000 4000

(YEARS) 3 9 8 9 8 9

PGA (1) 32 50 53 91 81 152

(cm/sec') (2) 39 51 69 96 105 154

PGV (1) 4 8 5 15 7 24

(cm/sec 2 3 9 7 16 11 26

(1) 1000 year upper magnitude

(2) Unconstrained upper magnitude
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NO BACKGROUND

EXPERT 

PGA FOR 200, 1000, AND 4000 YEAR RETURN PERIOD

RETURN BIG ROCK POINT
PERIOD
(YEARS) 200 1000 4000

PGA (1) 33 59 83

(cm/secl) (2) 32 53 72

(3) 32 52 79

(4) 31 48 66

LACROSSE

200 1000 4000

PGA (1) 33 59 83

(cm/secl) (2) 32 53 72

(3) 37 62 89

36 58 82

PALISADES

200 1000 4000

36 61 83

(cm/sec') (2) 36 56 73

(3) 44 71 102

(4� 43 67 92

DRESDEN

200 1000 4000

PGA (1) 36 61 84

(cm/sec2) (2) 35 57 75

(3)

(4) 51 83 119

(i) Ossippee a =.9
(2) Ossippee a =.6 for R 40km; Ossippee �-9 for R 40kii
(3) Nuttli-Gupta a .9
(4) Nuttli-Gupta y .6 for R < 40km; Nuttli-Gupta a = 9 for > kr
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NO BACKGROUND

EXPERT 9

PGA FOR 200, 1000, AND 4000 YEAR RETURN PERIOD

RETURN BIG ROCK POINT
PERIOD
(YEARS) 200 1000 4000

PGA (1) 46 90 153

(cm/secl) (2) 46 87 143

(3) 46 83 128

(4) 46 81 118

LACROSS E

200 1000 4000

P GA, (1) 56 106 165

(cm/sec') (2) 55 103 157

(3) 54 94 ISO

(4) 53 89 140

PALISADES

200 1000 4000

PGA (1) 55 103 159

(crr, se c' (2) 54 99 153

(3) 60 104 155

(4) 59 101 151

DRESDEN

200 1000 4000

PG)A (1) 80 151 244

(cm/secl) (2) 7 4 135 211

(3)

(4) 73 127 199

(1) Ossippee aL.9
(2) ssippee a=.6 for R 40km; Ossippee =9 for R 40kri
(3) Nuttli-Gupta a 9
(4) Nuttli-Gupta a = 6 for R < 40km; Nuttli-Gupta = 9 for R > 40kr,
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NO BACKGROUND
EXPERT 0

PGA FOR 200, 1000, AND 4000 YEAR RETURN PERIOD

RETURN
PERIOD BIG ROCK POINT
(YEARS) 200 1000 4000

PGA (1) 56 110 187

(cm/sec') (2) 54 105 173

(3) 70 121 182

(4) 69 118 174

LACROSSE

200 1000 4000
P 55 110 187

(cm/se C2) (2) 53 105 173

(3) 82 152 238

(4) 81 151 230

PALISADES

200 1000 4000

PGA (1) 64 115 180,

(cm/se C2) (2) 62 112 175

(3) 99 175 278

(4) 97 173 275

DRESDEN

200 1000 4000

PGA (1) 68 134 220

(cm/secl) (2) 67 129 213

(3)

(4) 114 232 366

(1) Ossippee a=. 9
(2) ssjpee a, =.6 for R 40kr,., Ossippee =.6 for R 40kr-
0 i-Gupta a = 9(4 Nuttli-Gupta a = 6 for R < 40km; Nuttli-Gupta = 9 for R > 40kr,
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APPENDIX III

RESULTS* FOR:

GINNA

CONNECTICUT YANKEE

MILLSTONE

YANKEE ROWE

OYSTER CREEK

Values of PGA <O cm/sec 2 and PGV <5 cm/sec should be disregarded in the tables.

In the graphs, spectral amplitudes less than 20 cm/sec 2 have not been plotted.
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GINNA

PGA AND PGV FOR 200, 1000, AND 4000 YEAR RETURN PERIOD

RETUP34 200 1000 4000PERIOD
(YEARS) SYNTHESIS RANGE SYNTHESIS RANGE SYNTHESIS RANGE

PGA (1) 113 80-170 214 132-369 361 203-661

(cm/sec') (2) 93 56-152 173 87-334 285 122-605

(3) 88 46-145 169 74-324 278 101-584

PGV (1) 21 13-35 41 24-76 71 34-131

(cm/sec) (2) 16 11-28 32 18-60 54 26-103

(3) 9 2-14 17 6-31 28 10-56

(1) Background, August attenuation

(2) No background, August attenuation

(3) No background, Ossippee
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GINNA

NO BACKGROUND, OSSIPPEE ATTENUATION

EXPERT 3 8, 10

PGA and PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD
(YEARS) 200 1000 4000

PGA R< 50km 9 20 94 54 59 248 106 90 502

(cm/sec') 50<R<150km 82 35 86 145 54 203 217 70 370

R>150km 35 32 54 60 52 105 85 75 166

PGV R< 50km 1 2 9 5 5 23 10 7 47

(cmlsec) 50<R<150km 8 2 10 13 3 21 21 4 38

R>150km 5 5 7 7 6 13 11 10 22
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GINNA

NO BACKGROUND, OSSTPPEE ATTENUATION

EXPERT 3 8, 10

PGA and PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD
(YEARS) 200 1000 4000

PGA WI < 6 5 75 43 83 114 68 146 154 94 207
(cm/secl)

WI > 65 49 27 119 123 50 320 220 74 619

PGV MMI < 65 6 4 7 10 5 12 13 7 17
(cm/sec)

MMI > 65 6 4 13 13 6 31 22 10 56
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GI NNA

NO BACKGROUND

EXPERTS 3 8, 10

PGA AND PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD
(YEARS) 200 1000 4000

PGA (cm/se C2)

August Att. (1) 83 56 152 143 87 334 212 122 605

Ossippe e (1) 85 46 144 151 74 323 227 101 -

(2) 107 58 165 193 101 385 317 145 -

(3) 68 36 119 115 55 260 166 72 452

(4) 78 42 130 134 66 287 204 93 523

Nuttl i/Gupta (1) 73 I 1 34 118 84 277 171 113 488

(2) 90 70 159 160 115 351 250 169 637

(3) 57 42 110 90 63 214 130 82 379

(4) 65 47 123 ln7 76 251 163 105 450

PGV.(cm/sec)

August Att. 12 11 28 21 18 60 31 26 103

Ossippe e (1) 10 3 16 16 7 35 25 11 66

(2) 12 7 19 21 11 42 32 16 81

(3) 7 1 14 13 4 29 18 7 53

(4) 9 5 15 15 7 33 22 11 58

Nuttli/Gupta (1) 9 7 18 15 12 35 22 17 60

(2) 11 10 21 20 16 44 30 24 79

(3) 6 5 15 11 9 28 16 12 46

(4) 8 7 17 14 11 33 20 16 54

2 c a .9
(2) 3 a, a .9
(3) 2 cr a .7
(4 3 .7
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GINNA

NO BACKGROUND, AUGUST ATTENUATION

EXPERTS 8 9 

PGA and PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD 200 1000 4000
(YEARS) 8 9 10 8 9 10 8 9 lu

PGA (1) 56 103 152 87 202 334 122 337 605

(cm/sec')(2) 63 107 150 104 212 318 150 355 575

PGV (1) 11 21 28 18 44 60 25 77 103

(cm/sec 2 12 23 27 23 49 56 33 87 97

(1) 1000 year upper magnitude

(2) Unconstrained upper magnitude
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CONNECTICUT YANKEE

PGA AND PGV FOR 200, 1000, AND 4000 YEAR RETURN PERIOD

RETMN 200 1000 4000
PERIOD -
(YEARS) SYNTHESIS RANGE SYNTHESIS RANGE SYNTHESIS RANGE

PGA (1) 1 35 86-167 252 135-359 404 189-668

(cm/sW) (2) 113 71-156 211 116-328 341 175-596

(3) 112 73-148 202 111-286 321 153-518

PGV (1) 20 11-29 37 17-61 63 25-115

(cm/sec) (2) 16 8-25 31 13-51 51 20-99

(3) 11 4-14 20 8-28 31 11-52

(1) Background, August attenuation

(2) No background, August attenuation

(3) No background, Ossippee
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CONNECTICUT YANKEE

NO BACKGROUND, OSSIPPEE ATTENUATION

EXPERT 3 8, 10

PGA and PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD
(YEARS) 200 1000 4000

PGA R< 50km 83 63 67 154 109 148 252 152 267
(cm/sec' -

50<R<150km 85 56 83 148 79 171 215 93 322

R>150km 42 31 48 73 43 91 110 56 153

PGV R< 50km 7 5 6 13 9 13 22 11 24

(cm/sec) 50<R<150km 9 5 9 14 6 19 21 7 33

R?150km 5 2 6 9 5 12 13 6 20
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CONNECTICUT YANKEE

NO BACKGROUND, OSSIPPEE ATTENUATION

EXPERT 3 8, 10

PGA and PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETUR14
PERIOD
(YEARS) 200 1000 4000

PGA WI < 65 90 73 79 145 111 125 198 153 174
(cm/sec')

WI > 65 77 11 89 163 28 220 276 45 395

PGV MMI < 65 8 6 7 12 10 11 16 12 15

(cm/sec) MMI > 65 9 1 11 17 4 24 26 6 41
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CONNECTICUT YANKEE

NO BACKGROUND

EXPERTS 3 8, 10

PGA AND PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD

(YEARS) 200 1000 4000

PGA (cm/se C2)

August Att. (1) 111 71 120 195 116 243 299 175 404

Ossippe e (1) Ill 73 113 190 110 232 285 151 396

(2) 13S 91 134 254 153 292 396 224 514

(3) 86 56 '91 143 81 183 207 109 307

(4) 99 64 101 169 99 206 262 138 363

Nuttli/Gupta (1) 93 64 111 157 102 211 243 140 344

(2) 120 80 133 214 134 273 340 205 464

(3) 74 50 88 122 76 160 181 102 259

(4) 85 57 99 143 92 188 218 130 308

PGV (cm/sec)

August Att. 14 8 25 26 13 51 38 20 91

Oisippe e (1) 12 5 13 21 10 27 30 13 47

(2) 15 10 16 26 15 32 40 20 58

(3) 10 2 11 16 6 22 23 10 38

(4) 11 6 12 18 10 25 27 12 44

Nuttli/Gupta (1) 11 6 16 18 1 1 30 27 16 48

(2) 13 10 19 23 16 37 36 22 63

(3) 8 4 13 14 8 24 20 11 37

(4) 10 6 15 16 11 27 24 15 45

(I 2 .9
(2 3 .9
(3 2 .7
(4 3 .7

B-147



CONNECTICUT YANKEE

NO BACKGROUND, AUGUST ATTENUATION

EXPERTS 8 9 

PGA and PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD 200 1000 4000
(YEARS) 8 9 10 8 9 10 8 9 10

PGA C2) (1) 71 105 120 116 178 243 175 283 404

(an/se (2) 82 109 120 135 199 244 208 312 404

PGV (1) 8 17 25 13 31 51 20 46 91

(cm/sec) (2) 10 19 25 16 35 51 25 54 91

(1) 1000 year upper magnitude

(2) Unconstrained upper magnitude
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MILLSTONE

PGA AND PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN 200 1000 4000
PERIOD -
(YEARS) SYNTHESIS RANGE SYNTHESIS RANGE SYNTHESIS RANGE

PGA (1) 125 86-149 229 138-302 370 200-549

(Cm/sec')(2) 102 69-136 186 105-275 307 149-501

(3) 101 73-132 184 105-264 300 133-470

PGV (1) 20 10-29 38 17-61 65 23-122

(an/sec) (2) 15 6-23 29 11-50 48 17-93

(3) 10 3-13 18 7-26 29 10-48

(1) Background, August attenuation

(2) No background, August attenuation

(3) No background, Ossippee
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MILLSTONE

30 BACKGROUND, OSSIPPEE ATTENUATION

EXPERT 3 8, 10

PGA and PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD
(YEARS) 200 1000 4000

PGA R< 50km 77 62 49 150 102 129 243 129 273

(cm/sec') 50<R<150km 81 57 80 138 81 168 205 101 336

R-7 5Okm 39 29 43 67 41 85 105 53 149

PGV R< 50km 7 5 5 12 7 12 21 10 25

(cm/sec) 50<R<150kin 8 5 8 13 6 18 20 9 35

R>150km 5 1 6 8 5 11 13 5 19
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MILLSTONE

NO BACKGROUND, OSSIPPEE ATTENUATION

EXPERT 3 S. 

PGA and PGV FOR 200, 1000. and 4000 YEAR RETURN PERIOD

RETURN
PERIOD
(YEARS) 200 1000 4000

PGA MMI < 65 86 73 69 139 105 114 188 133 160

(cm/sec') MMI > 65 68 6 84 154 20 219 261 37 432

PGV MMI < 65 8 6 6 11 9 10 16 10 14

(cm/sec) MM > 6 8 0 10 16 2 24 25 5 45
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MILLSTONE

NO BACKGROUND

EXPERTS 3 8, 10

PGA AND PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD

(YEARS) 200 1000 4000

PGA (cm/secl)

August Att. (1) 105 69 112 180 105 236 288 149 431

Ossi ppe e (1) 106 73 106 175 104 228 274 130 432

(2) 128 90 124 242 150 282 377 213 535

(3) 82 55 85 135 75 185 202 92 340

(4) 94 63 95 163 96 205 244 129 387

Nuttl i /Gupta (1) 87 63 105 152 91 207 232 117 359

(2) 110 79 125 201 128 262 324 183 473

(3) 70 48 84 117 69 158 172 84 274

(4) 79 55 94 136 86 184 209 117 326

PGV (crrV ec)

August Att. 13 6 23 24 11 50 35 17 93

Oss i ppe e (1) 10 3 11 17 6 24 26 10 45

(2) 12 8 13 22 12 28 33 16 55

(3) 7 - 9 13 - 20 19 - 37

(4) 10 5 11 16 7 22 23 10 42

Nuttli/Gupta (1) 9 5 13 15 9 26 23 12 44

(2) 11 8 16 20 13 32 30 18 57

(3) 6 1 11 11 5 21 17 10 35

(4) 8 5 12 14 9 24 21 12 40

0 2 .9
(2) 3 .9
(3) 2 .7
(4) 3 cy a .7
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MILLSTONE

NO BACKGROUND, AUGUST ATTENUATION

EXPERTS 9 

PGA and PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD 200 1000 4000
(YEARS) 8 9 70 8 9 10 8 9 10

PGA (1) 69 93 112 105 163 236 149 268 431

(cm/sec')(2) 80 100 112 119 173 237 168 284 432

PGV (1) 6 16 23 11 28 50 17 43 92

(cm/sec 2 10 17 23 15 32 50 21 51 93

(1) 1000 year upper magnitude

(2) Unconstrained upper magnitude
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YANKEE ROWE

PGA AND PGV FOR 200, 1000, AND 4000 YEAR RETURN PERIOD

RETURN 200 1000 4000
PERIOD
(YEARS) SYNTHESIS RANGE SYNTHESIS RANGE SYNTHESIS RANGE

PGA 2 (1) 141 99-166 254 151-316 398 204-505

(CM/sec (2) 112 64-139 202 100-261 318 135-452

(3) 109 61-134 195 87-256 305 115-421

PGV (1) 25 15-36 47 25-74 79 34-136

(cm/sec) (2) 21 11-30 39 20-63 64 28-115

(3) 12 5-16 22 10-30 34 12-52

(1) Background, August attenuation

(2) No background, August attenuation

(3) No background, Ossippee
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YANKEE ROWE

NO BACKGROUND, 65SIPPEE ATTENUATION

EXPERT 3 8, 10

PGA and PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD
(YEARS) 200 1000 4000

PGA R< 5Okm 83 35 65 154 76 146 252 106 267
(cm/sec')

50<R<150km 89 48 83 156 72 163 244 90 279

R>150km 47 38 57 81 60 107 120 82 166

PGV R< 50km 8 5 7 15 6 14 25 10 27

(cm/sec) 50<R<150km 11 5 10 18 7 20 27 10 32

R>150km 6 5 9 11 8 16 17 11 26
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YANKEE ROWE

NO BACKGROUND, OSSIPPEE ATTENUATION

EXPERT 3 8, 10

PGA and PGV FOR 200. 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD
(YEARS) 200 1000 4000

PGA MMI < 65 92 57 79 146 83 123 198 109 173
(cm/secl)

MMI > 65 87 28 101 181 59 214 302 88 360

PGV MMI < 65 10 5 8 14 8 12 19 10 17
(cm/sec)

MMI > 65 11 5 13 22 8 27 33 1 1 42
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YANKEE ROWE

NO BACKGROUND

EXPERTS 3 8, 10

PGA AND PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD

(YEARS) 200 1000 4000

PGA (cm/sec')

August Att. (1) 116 64 133 208 100 249 322 135 389

Ossippe e (1) 116 61 115 205 87 221 309 115 362

(2) 148 76 139 272 125 287 427 178 482

(3) 91 45 93 153 65 172 224 83 269

(4) 104 53 103 181 82 199 276 110 322

Nuttli/Gupta (1) 101 60 117 164 89 219 258 119 345

(2) 124 75 144 226 125 289 359 181 475

(3) 78 45 95 129 67 167 193 87 254

(4) 91 52 106 154 83 196 230 115 307

PGV (cm/sec)

August Att. 19 11 30 33 20 63 53 28 103

Ossippe e (1) 13 5 14 23 10 27 33 12 42

(2) 16 8 17 28 13 32 45 19 55

(3) 11 2 12 17 5 21 26 9 32

(4) 12 6 13 20 9 24 31 12 38

Nuttli/Gupta (1) 11 7 17 20 12 32 29 18 50

(2) 15 10 21 25 17 40 40 25 67

(3) 10 5 14 15 10 26 22 13 39

(4) 11 7 16 18 12 29 27 16 46

2 cy, cy .9
(2) 3 cy a .9
(3) 2 7
(4) 3 .7
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YANKEE ROWE

NO BACKGROUND, AUGUST ATTENUATION

EXPERTS 8 9 

PGA and PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD 200 1000 4000
(YEARS) 8 9 10 8 9 10 8 9 10

PGA (1) 64 114 133 100 203 249 135 302 389
l(cm/sec')(2) 73 119 133 113 216 250 157 339 391

PGV 0 ) 11 23 30 20 41 63 28 64 103

(cm/sec 2 13 25 30 25 47 63 36 76 105

(1) 1000 year upper magnitude

(2) Unconstrained upper magnitude
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OYSTER CREEK

PGA AND PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN 200 1000 4000
PERIOD
(YEARS) SYNTHESIS RANGE SYNTHESIS RANGE SYNTHESIS RANGE

PGA (1) 106 69-137 199 115-300 337 170-567

(cm/sec') (2) 87 60-115 166 97-248 285 146-504

(3) 84 64-112 161 103-245 275 143-507

PGV (1) 17 6-27 34 11-62 58 16-122

(cm/sec) (2) 14 6-22 28 10-54 51 3118

(3) 10 5-13 18 10-30 32 13-64

(1) Background, August attenuation

(2) No background, August attenuation

(3) No background, Ossippee
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OYSTER CREEK

NO BACKGROUND, OSSIPPEE ATTENUATION

EXPERT 3 8, 10

PGA and PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD
(YEARS) 200 1000 4000

PGA R< 50km 58 37 20 117 86 105 201 136 281
(cm/sec')

50<R<150km 77 54 66 131 82 171 199 107 381

R ->] 50 km 39 24 46 64 36 101 90 47 174

PGV R< 50km 6 5 3 12 9 11 20 12 30

(cmlsec) 50<R<150km 9 6 8 15 9 22 22 10 47

R';,150km 5 1 7 8 5 14 11 6 27
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OYSTER CREEK

NO BACKGROUND, OSSIPPEE ATTENUATION

EXPERT 3 8, 10

PGA and PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETUP34
PERIOD
(YEARS) 200 1000 4000

PGA C2) WI < 65 80 64 52 120 103 89 165 143 137
(cm/se

MMI > 65 58 0 83 136 0 244 230 0 507

PGV MMI < 65 8 6 6 12 10 10 16 13 13
(cm/sec)

MMI > 65 8 0 11 16 0 30 25 0 64
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OYSTER CREEK

NO BACKGROUND

EXPERTS 3 8, 10

PGA AND PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD
(YEARS) 200 1000 4000

PGA (cm/secl)

August Att. (1) 88 60 104 154 97 248 241 146 504

Ossippee (1) 91 64 95 157 103 245 244 143 507

(2) 117 78 109 212 134 291 338 206 -

(3) 73 50 80 122 76 203 180 103 410

(4) 84 56 89 142 92 221 217 131 463

Nuttli/Gupta (1) 78 52 94 128 84 209 197 118 401

(2) 97 63 113 1 71 113 257 274 169 510

(3) 61 41 77 99 64 167 146 89 331

(4) 69 47 87 120 76 190 175 109 374

PGV (cm/sec)

August Att. 13 6 22 23 10 54 33 13 11B

Ossippe e (1) 10 5 12 17 10 30 26 13 64

(2) 12 8 14 22 13 34 33 19 75

(3) 7 2 11 13 6 26 19 10 53

(4) 10 6 11 16 10 28 23 12 57

Nuttli/Gupta (1) 9 5 14 15 10 29 22 13 53

(2) 11 8 17 20 13 35 30 19 68

(3) 6 2 12 11 6 25 16 10 43

(4) 8 5 13 14 9 27 20 12 49

2 cr a .9
(2) 3 a, a .9
(3) 2 cy a .7
(4) 3 o, cy .7
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OYSTER CREEK

NO BACKGROUND, AUGUST ATTENUATION

EXPERTS 9 

PGA and PGV FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN
PERIOD 200 1000 4000
(YEARS) 8 9 10 T- 9 16 8 9 10

PGA (1) 60 76 104 97 144 248 146 242 504

(cm/sec')(2) 67 80 104 Ill 151 249 161 250 504

PGV (1) 6 13 22 10 25 54 13 38 118

(cm/sec 2 9 14 22 13 27 54 17 4? 118

(1) 1000 year upper magnitude

(2) Unconstrained upper magnitude
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NO BACKGROUND

EXPERT 3

PGA FOR 200, 1000, AND 4000 YEAR RETURN PERIOD

RETURN OYSTER CREEK
PERIOD
(YEARS) 200 1000 4000

PGA (1) 91 157 244

(cm/sec') (2) 87 151 218

(3) 78 128 196

(4) 73 116 167

YANKEE ROWE

2100 1000 4000

PGA (1) 116 205 309

(cm/sec') (2) 110 182 276

(3) 101 164 258

(4) 89 152 220

GINNA

200 1000 4000

PGA (1) 85 151 227

(cm/sec') (2) 85 150 220

(3) 73 118 171

(4) 72 116 167

CONNECTICUT YANKEE

200 1000 4000

PGA (1) ill 190 285

(cm/sec') (2) 104 169 252

(3) 93 157 243

(4) 85 142 204

MILLSTONE

200 1000 4000

PGA (1) 106 175 274

(cm/sec') (2) 98 159 241

(3) 87 152 232

(4) 82 133 193

(1) Ossi ppee a .9
(2) -Ossippee a r.6 for R 40km, Ossippee -. 9 for R 40kni
(3) Nuttli-Gupta a = 9
(4) Nuttli-Gupta a m 6 for R < 40km; Nuttli-Gupta a = 9 for R > 40kni
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1.0 INTRODUCTION

In assessing the earthquake risk for a given facility, three elements must be

considered: the probability that earthquakes of various intensities will occur at

the site at intervals in the future (the seismic hazard at the site), the uncertain

seismic resistance of the facility, and the uncertain "consequences of damage"

which might be sustained by the facility. By combining probabilistic information

on seismicity, resistance and consequences, the probability of various magnitudes

of economic and human loss can be assessed (often called the seismic risk

associated with the facility). In this report, we describe the results of various

approaches for estimating the first factor, seismic hazard, at sites in the eastern

United States.

The objective of the Site Specific Response Spectra (SSRS) program was to

evaluate, from a seismic hazard standpoint, the nine nuclear power plant sites

included in the NRC's Systematic Evaluation Program (SEP). The primary results

of this evaluation were expected to be used as input to a preliminary screening

of the various facilities based on the seismic design margin. If potential

problems were identified, the methodology could readily identify additional

seismic hazard analyses of the areas of greatest uncertainty, thus potentially

eliminating some possible over-conservatisms.

The four general methodologies considered to produce site-specific response

spectra, which can be used in the seismic evaluation of these facilities, are the

Uniform Hazard Methodology (UHM), the Newmork-Hall Spectra and the Real

and Scaled Time History Spectra. This report emphasizes the Uniform Hazard

Methodology and the Newmark-Hall Spectra. Lawrence Livermore National

Laboratory, who directed this entire project, separately performed the analyses

necessary for the Real nd Scaled Time History Spectra. However, for

completeness in this introduction we summarized the distinctions among these

approaches to hazard assessment. These methodologies were chosen to represent

a variety of technical approaches that, while differing from the current licensing

approach, would be technically viable in terms of establishing adequate seismic

information to be used by the NRC to evaluate the seismic design of these power

plants.

C-3



Since all three elements of seismic risk hazard, resistance and consequences)

are probabilistic in nature, studies seldom address these aspects. For conven-

ience, the estimate of a facility's strength is usually conservatively approxi-

mated as deterministic, and the seismic hazard and consequence are determined

by specific government standards. Unlike the facility's strength, the ground

motion induced by the earthquake, especially its occurrence at a specific site,

has not been estimated by purely deterministic techniques due to uncertainty of

the specific earthquake process in the eastern United States. Even if determin-

istic techniques were available, a probabilistic approach to estimating the

earthquake hazard benefits the decision maker because probabilistic estimates

allow a quantitative comparison of design or safety margins associated with

different approaches. This is generally not possible with a deterministic

estimate.

Therefore, the above-mentioned methodologies span a broad approach t assess-

ing seismic hazard, including both deterministic and probabilistic considerations.

Each of these methodologies provides response spectra which not only recognize

the specific characteristics of each of the nine sites in the eastern United

States, but also provide quantitative information as to the likelihood and

uncertainty of the earthquake hazards. These data were useful in comparing the

facility design criteria to current licensing criteria. Although the approaches

developed for this study required significantly more effort than the pproach

normally used in NRC licensing activities, they offer the following advantages:

0 Quantification of the hazard in terms of return period

0 Incorporation of the complete historical seismic records

0 Capability to include the judgment and expertise of many
seismologists

0 Explicit consideration of the incomplete knowledge that
exists regarding the location of faults and chGracteriza-
tion of earthquake hazards

0 Flexibility in the evaluation of structural design margins
to allow ssessment of the hazard (it the site based on
spectral acceleration, velocity, nd displacement for both
nearby and distant erthquake hazards.
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In contrast, using the current licensing approach, a single nalyst judgmentally

decides that an earthquake of a given magnitude or intensity occurs at a specific

location. The ground motion from the earthquake source is then ttenuated to

the site to determine the effects of that earthquake. Using this approach, it is

difficult to define parameters such as margins of safety or degree of conserva-

tisms in the design spectra. The inability to assess the degree of conservatism

makes it difficult to evaluate other design bases such as those used in the design

of older operating reactors. Additionally, it is difficult to trade off changes in

structural design approaches that also are typically found in the design of older

nuclear power plants with changes in seismic hazard definition or with differing

consequences of damage from seismic failures.

As a result of these considerations and the growing capability for using

probabilistic approaches to define earthquake hazards, more and more effort has

been directed in this area. Apart from the various probabilistic studies of

earthquake hazards on the West Coast, the Tennessee Valley Authority hs

applied a statistical evaluation methodology to compare the design spectra for

several of its nuclear power plant sites. The NRC's Office of Nuclear Material

Safety and Safeguards has pplied seismic hazard analyses in the evaluation of

many of the existing licensed facilities. Additionally, the NRC's Office of

Research is employing similar probabilistic methodologies in the Seismic Safety

Margin Research Program. While this Site Specific Response Spectra effort has

benefited from the availGble results of these programs, much of the effort

associated with this probabilistic nalysis is new and unique.

The Seismic Hazard Analysis (SHA) of the eastern'United States is divided into

five reports to facilitate presentations. The first report, SHA.� Executive

Summary, presents an overview of the entire methodology, results and conclu-

sions.

The second report, SHA: A Methodology for the Eastern United States, describes

the methodology for computing the uniform probability of exceedance for ground

motion parameters. The third report, SHA: Solicitation of Expert Opinion,
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discusses the expert opinion uestionnaire and responses from selected experts.

The fourth report is prepared by Lwrence Livermore National Laboratory and

presents the results of the analysis. Three appendices are attached to this

report: the first one is the draft report SHA: Site Specific Response Spectra

Results (August, 1979); the second one is the report SHA: Site Specific Response

Spectra Sensitivity Results which presents results of sensitivity nalyses to a

number of important parameters in the Uniform Hazard Methodology; the third

appendix consists of this report, Final Report on Seismic Hazard Analysis:

Results, in which we present a general description of the technical approach

used, including a description of two of the four methodologies and their

applications to two eastern United States sites, description of the attenuation

results used in the probabilistic model, and a summary of the site-specific and

generic results and conclusions. The fifth report includes the Peer Review to the

Analysis, Response to Peer Review, Second Round Questionnaire, and other

information relevant to this analysis.
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2.0 METHODOLOGY DEVELOPMENT COMPARISONS

Significant analytical methods to predict a seismic hazard in the United States

have evolved in the lost several years. The fundamental problem with all

methods is predicting hazards for extreme events at sites where little or no

earthquake data exist and where the physical process of earthquake generation is

not well known. In this context, no single proposed methodology has been

completely successful because: (1) deterministic models must rely on subjective

judgment in the selection of parameters for the generation and attenuation of

earthquake motions; and 2 even when sample size is adequate for statistical

parameter estimation, judgment must be exercised to resolve uncertainty of the

form of the models and assumptions used.

,Regardless of such limitations, estimates of seismic hazard are often required.

Therefore, new rnethodclogies must be developed which, while unable to yield

exact answers, combine available objective and subjective knowledge to produce

results useful for comparative evaluations. It is important for users of these

estimates to recognize the mjor effect uncertainty ploys. By including the

uncertainty conservatively, for that may be the only prudent approach, the SSRS

may have substantial impact that could be found to be unwarranted after these

uncertainties are refined. For example, it is likely that the uncertainty

associated with attenuation results more from a lack of applicable data than

from the perversity of nature. This is a generic factor that affects all results.

Whether a decision maker desires to include the full measure of this uncertainty

now or to wait for technology to refine this factor would logically be balanced by

the risks and impact of the decision. Such a consideration is well beyond the

scope of this study, but it should be emphasized in cases where the impact is

substantial. Additionally, it is important for the nlyst to indicate the

following about the major uncertainties: where the major uncertainties re,

what their effects are and whether it is possible to refine them. Although the

latter factor is mainly subjective, it affects the risks taken in any decision,

whether the uncertainty is a characteristic of nature and represents a real

hazard, or whether the uncertainty results from a lack of man's knowledge which

can be refined with further study.
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Before describing the approach used in this report, it would be instructive to

review the methods proposed in the past.

2.1 DETERMINISTIC APPROACH

To clarify the use of terms, the type of approach outlined in Appendix A of

10 CFR 100 is not considered "deterministic." In fact, it is not based on first

principles. The physical process is not modeled; rather, the design acceleration

is arrived at by judgmentally choosing the largest credible magnitude and a

suitable correlation for ground motion. A major difficulty with this approach is

that the seismic protection provided remains unquantified and possibly varies

from site to site. For example, if one wishes to explicitly account for differing

risk or exposure contributors, such as facility age, inventory of hazardous

material or structural' resistance, using this approach, it can only be made by

biasing the degree of conservatism in the judgment process.

Only recently have deterministic approaches been used in the analysis of a

seismic hazard. These methods directly model the physical earthquake mechan-

ism and the propagation of seismic waves. Several attempts have been made to

use deterministic, first principle models for prediction of earthquake ground

motion in he western United Stes. At least one of these efforts has been

quite successful. However, the application of the some procedure to sites on the

East Coast is not possible at the present time because erthquake mechanisms

are not sufficiently known.

2.2 STATISTICAL AND PROBABILISTIC APPROACHES

Direct-statistical methods have been applied to West Coast sites wherever

substantial data exist. Typically, the prameter that is treated statistically is

peak ground acceleration (PGA). When records are available at the site, the

entire response spectrum can be analyzed by use of statistical techniques.

An attractive feature of the statistical approach is that it avoids theoretical

assumptions required by deterministic and probabilistic models. However, there
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are insufficient data for eastern United States sites to make meaningful

estimates of medium-to-small probability events. Also, the method usually fils

to incorporate physical knowledge specific to the site (e.g., about the location of

faults and other earthquake sources) and statistical data at nearby sites. These

factors must be introduced by the use of judgment.

In contrast to deterministic or statistical methods, probabilistic approaches can

yield results that quantify the degree of risk even in the eastern United States.

However, like deterministic modeling, probabilistic modeling in the estern

states requires subjective input.

The remaining sections of this report describe a probabilistic methodology to

calculate values of ground motion parameters (PGA, PGV, and spectral accelera-

tions) at sites in the eas'ern and central United States. The spectral accelera-

tion results can be used to define a Uniform Hazard Spectrum, or the peak

ground acceleration and velocity can be used to synthesize a Newmark-Hall

Spectrum. The model supplements historical data with subjective input from

selected experts. While still suffering from some of the limitations described

previously, this method produces rational estimates of a seismic hazard, which

are especially useful for comparative evaluation of a seismic hazard at different

sites.

2.3 SIMILARITY OF SEISMIC HAZARD MODELS

When applied to eastern United States sites, all available models are limited by

paucity of data and by uncertainty about the physical system, thereby generating

similarities among the different approaches. First, all commonly used models

employ subjective input to produce reasonable design response spectra; this input

usually in the form of opinion from one or more experts. Second, the methods

substantially overlap since the judgmental assumptions are essentially the some,

irrespective of the model.

In this report, four methods for defining the design response spectra have been

considered in aetail. The Uniform Hazard Methodology (UHM) is the only one
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which is new in the wy it uses subjective input. The others (Newmark-Hall,

Real and Scaled Time History Spectra) have been available for some time. The

response spectra they produce can be "anchored" at points determined by the

UHM or by other procedures.

UNIFORM HAZARD SPECTRA (UHS)

The Uniform Hazard Methodology (UHM) described in the TERA report, SHA A

Methodology for the Eastern United States, was used to develop the Uniform

Hazard Spectra (UHS) for each of the nine sites as well as spectral anchor points

for the Newmark-Hall Spectra. The UHM used subjective input from a panel of

experts to calculate response spectra with a uniform probability of exceedance

at each spectral ordinate. Using the information from each of experts, the

seismic hazard was determined at ea0 site in terms of peak ground acceleration

(PGA), peak ground velocity (PGV), spectral ordinates (PSA) t nine periods (.04

to 2 seconds), and Modified Mercalli Intensity (MMI). Each of these ground

motion parameters was computed as a function of return period for all nine sites.

The results from each expert were combined by weighting each expert's results

with components of his self-ranking to form a synthesis for the return periods of

200, 1,000 and 4000 years.

The UHM treats seismic hazard in four steps:

Zonation or seismic source geometry

Zone seismicity

Attenuation

Exposure evaluation.

In essence, the expert opinion as to distribution of seismicity by location,

magnitude and occurrence is discretized and then attenuated to the site under

consideration. To obtain the probability of exceedence of the various ground

motion Oarameters, the uncertainty in each step of the process is carried through

to the point of integration. Integration of the geophysical rea of interest is
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established by considering each subjective probability distribution along with its

uncertainty.

NEWMARK-HALL

Newmark-Hall addressed the major problem in the definition of an appropriate

spectral shape (i.e., lack of earthquake records in the appropriate categories) and

gave the problem a solution ased on first principles. At the low and high

frequency ends, they forced the spectrum to comply with given peak ground

displacement and acceleration values. At intermediate frequencies, they sug-

gested that the motion of the ground be amplified, depending upon the dynamic

characteristics of the system. The high frequency part of the spectrum is scaled

with respect to peak ground acceleration, and the intermediate frequency range

is scaled with respect to peak ground velocity. In this study, both peak ground

acceleration and peak ground velocity are determined on the basis of given

exceedance probability at the site of interest.

REAL AND SCALED TIME HISTORIES

Virtually every approach explicitly or implicitly uses a set of real strong motion

records in the development of the design spectrum, whether site-specific or

generic. For example, the generic NRC Regulatory Guide Spectrum was

developed by statistically averaging a set of spectra from historical earthquakes

covering a variety of site geologies, magnitudes and distances. Probabilistic

models use these records implicitly, for example, in the development of

attenuation relations. The approach used by real or scaled time histories

involves explicit averaging of the records. Of course, the key element of this

approach is the selection of records, with a clear trade-off: the more site-

specific the selection criteria, the smaller the set of historical earthquakes and,

therefore, the larger the statistical variability of the design spectrum.

If the hazard arises primarily from relatively close earthquakes of intermediate

intensit� (see Appendix A to 10 CFR 100), the selection criteria must explicitly

account for this fact. In addition, the criteria must account for regional
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tectonics (e.g., in the selection of focal depth) and for characteristics of the site

that could influence the hazard, most notably, the local geology. While this

approach is direct in that it does not involve many of the sophisticated

hypotheses required by probabilistic approaches (e.g., earthquakes form a Poisson

process), it contains important data-related assumptions. For example, biases

are present in any set of digitized strong motion records due to the high priority

given by the USGS and others to earthquakes with larger accelerations. Further-

more, ample room for bias exists in scaling between earthquakes of different

magnitude.

In general, time histories can be used to develop two types of spectra. One

possibility is to normalize the records, e.g., to have unit peak acceleration and

treat the spectral ordinates of the normalized motions as random variables. This

random spectrum can be anchored at a peak ground acceleration value deter-

mined separately, e.g., from the present hazard analysis. Alternatively, statisti-

cal analysis of spectral ordinates can be performed on the records which have

not been normalized, resulting directly in a site-specific spectrum. An appro-

priate magnitude rnge for the records could be selected on the bsis of a

seismic hzard at the site. Both approaches can use results from the Uniform

Hazard Model developed in this report.

The application of this approach to the Site Specific Response Spectra was

performed by Lawrence Livermore National Laboratory and is discussed in

another report.

2.4 KEY DIFFERENCES BETWEEN THE UHM.
AND OTHER SEISMIC HAZARD PROCEDURES

Three major differences exist between the UHM and empirical and deterministic

approaches to estimating a seismic hazard in the eastern United States. One is

that UHM explicitly uses subjective information from experts. As discussed

above, all approaches inevitably rely on such input due to the lack of factual or

historical data and proven first principle models. However, the UHM is explicit

in the way it uses such input; it also allows for review by peers and assures that
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expert-to-expert variability of the results is retained. Another difference in the

other approaches is the inclusion of all, small nd large, earthquakes in the final

hazard assessment. The third difference involves the format of UHM results:

the Uniform Hazard Spectrum does not represent one event or one restricted

class of events (e.g., those with small epicentral distance). Since each spectral

ordinate combines exceedance probabilities due to earthquakes from all sources,

near to and for from the site, it may be unduly conservative to use the Uniform

Hazard Spectrum to design multi-degree-of-freedom systems. This issue has

been discussed in TERA's report, SHA A Methodology for the Eastern United

States.

Because of these considerations, it is believed that the best use of UHM is in a

comparative evaluation with other approaches. For example, in the pst many

designs have been based on a logic similar to that presented in the NRC's

Appendix A to 10 CFR 100, which often anchors a Housner spectral shape to a

peak ground acceleration value. This spectral shape was usually derived from a

large number of records from western states and anchored to an appropriate

peak acceleration for eastern ttes. A similar approach is used now, except

that the shape is determined by Regulatory Guide 160. The latter spectral

shape definition is roughly the mean plus one sigma of, as before, a large number

of scaled western United States records. The appropriateness of either of these

approaches can be evaluated by comparing the methodologies previously

discussed.

2.5 FUTURE DEVELOPMENTS BEYOND
THE UNIFORM HAZARD METHOD

Additional probabilistic methodology developments are expected in the near

future as a result of NRC's Seismic Safety Margin Research Program. As part of

this program, Monte Carlo integration techniques are being developed to

calculate the seismic risk of a given facility at a typical eastern United States

site. Additional development of subjective input is also planned. One strength

of this proposed approach over the UHM, in this study, is the ability to identify

the contribution of distinct classes of earthquakes to the final seismic hazard.
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This feature will allow additional sensitivity analysis to investigate the effects

of specific assumptions on design prameters.

Another promising approach to seismic hazard analysis on the East Coast would

be to combine recently developed first principle deterministic models with

empirical statistical analysis of western United States and European earth-

quakes. Substantial data re available for such statistical analysis, although

most records have not yet been digitized to allow a convenient analysis. This

approach may provide a way to make the results less dependent on subjective

information.
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3.0 DATA BASE USED IN SSRS

An important element for any analysis, and particularly a probabilistic one, is

the data base used. Two sets of data, including historic seismicity data and

subjective data, were used to develop the SSRS for the nine sites. One, a

combination of several historic seismicity data sources, was used in the

questionnaire developed to solicit expert opinion. These data are discussed in

detail in a companion report, SHA: Solicitation of Expert Opinion. Two, in

addition to the objective data, previous sections of this report have shown that a

seismic hazard analysis for the eastern United States sites always requires some

degree of subjective input, either in the model assumptions, the input dta or

both. In the UHM this subjective input is explicit and formally included as

discussed in the companion reports.

Because of subjective and objective data in SSRS, the results should be viewed as

subjective probabilities. Since each method is unique in the degree and

treatment of subjective input, we provide herein substantial comparison of the

results in an attempt to determine the effect of the information on the results.
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4.0 SSRS METFKX)OLOGIES

The two methodologies, the Uniform Hazard Methodology (UHM) nd the

Newmark-Hcll Spectra, selected to develop SSRS for the nine eastern United

States sites (ire described in this section. Since the results from the UHM are

used as anchor points for the Newmark-Hall Spectra, we begin with a summary

of the essential elements of the UHM. A detailed description of the UHM is

given in a companion report, SHA: A Methodology for the Estern United States.

4.1 UNIFORM HAZARD METHODOLOGY

A Uniform Hzard Spectrum is defined as a spectrum with ordinates having the

same probability of being exceeded in a given number of years. All events

capable of affecting the site are considered in assessing the probability of

exceedance.

Seismic hazard is usually quantified through the probability distribution of the

peak value of ground motion parameters at the site during a given interval of

time. This distribution can be calculated for any parameter for which it is

possible to define n appropriate source model, transmission model and site

effect model. By repeating this procedure at discrete frequencies within the

range of interest, the spectrum is built point by point. A typical seismic hazard

evaluation consists of four steps:

0 Seismic source geometry (zonation

Source seismicity model

Attenuation model

0 Exposure evaluation model.

Several procedures are available for evaluating seismic exposure (e.g., Cornell

and Merz, 1975; Ang and Der KiUreghion, 1975; McGuire, 1976; Algermissen and

Perkins, 1976; Shah, et al., 1975; nd Mortgat and Shah, 1978). Although all of

these procedures incorporate the four models noted above, differences exist in
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the key ssumptions nd methodology for application of these models, which can

result in significant variations in the seismic exposure estimates.

The main characteristic of the seismic exposure evaluation procedure used in

this study is the explicit use, at several levels of input, of subjective, expert

opinion. The evaluation procedure consisted of the following steps.

0 Seismic Source Geometry

Define representations for source geometry and for indi-
vidual earthquake events at the source.

0 Source Seismicity Model

For each source in the area of interest:

Define location and magnitude range

Define earthquake recurrence:

(a) Mean rate of occurrence

(b) Magnitude distribution

0 Attenuation Model

Define applicable mean attenuation relationships

Define uncertainty about mean values

0 Exposure Evaluation Model

Def ine procedure for computing probability of exceedance

A flow chart of this procedure is presented in Figure 4- 1.

SEISMIC SOURCE GEOMETRY

Maps with two possible seismic zonations of the eastern United States were

provided to the experts. Each expert was asked to modify or dd any source he
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considered necessary and to associate a likelihood ("credibility") with each zone

alternative. This operation produced a number of source configuration alterna-

tives (zones), each with its own likelihood.

A number of interpretations, based on this input, can be used in hazard nalysis.

We chose two interpretations that, for the sites considered in this analysis (i.e.,

not located within sources of high seismicity), should produce bounds to the

seismic hazard: one, a more conservative interpretation allows some earthquake

activity over a background region larger than that provided by each single

expert; the other, less conservative interpretation, removes some of the uncer-

tainty by considering, for each expert, only the configuration alternative

suggested by that expert. Since, in the present case, none of the sites is located

within a highly seismic source, the background increases the hzard at the site,

b allowing earthquakes to occur over a larger rea (and therefore, closer to the

site). Whereas, the bsence of background, by limiting the occurrence of large

earthquakes within more restricted zones distant from the site, reduces the

hazard. Conversely, if a site were located within a highly seismic source, the

background, by spreading the seismicity, would reduce the hazard at the site.

For the first interpretation, all zone alternatives from one expert were simul-

taneously considered, and seismicity was distributed among them as a function of

11credibilities."

An additional operation was performed to take into account the fact that some

experts heuristically assigned credibilities to reflect their overall confidence in

zonation alternatives. For example, the assignment C1,C2 = 09,0.9) seems to

indicate more confidence than (C I C2) = (0.1,0.1). This operation required an

additional source configuration, "background," which was defined to be the union

of the zone alternatives considered by all experts. A number of earthquakes

inversely proportional to the credibility of the source were allowed to occur in

the source background. This interpretation is referred to as the "background

zonation."
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The second interpretation does not overlay zone alternatives of the same source;

rather, it uses the zonation provided by each expert, recognizing that he had the

highest confidence in his own opinion. Therefore, seismic ctivity was modeled

by a set of adjacent zones (selected to have the most likely configuration, and

hence, without overlap) with probabilities equal to 1, and no background was

used. This zonation will be referred to as "no background zonation." It is, in the

present study, a less conservative approach than the previous one because it

imposes more restrictions on the location of earthquake epicenters.

EARTHQUAKE OCCURRENCE MODEL

Magnitude range, upper magnitude cutoff and the recurrence of earthquakes

were the basic input parameters of the earthquake occurrence model.

Data on earthquake size were discretized every V4 m b or Y2 MMI, as is commonly

done in earthquake catalogs. This representation allows the use of a discrete

distribution model and is advantageous in that it avoids the standard log-linear

fitting which is unacceptable in some cases; it also allowed the use of efficient

statistical estimation algorithms.

Estimations were derived as follows:

• Assuming that only ground motions with M 4 are of

interest and that occurrence of earthquakes with magni-

tudes greater than 40 follow a Poisson process, the mean

occurrence rate was estimated either from data or from

subjective input.

• The discrete magnitude distribution

pM = P I = M il

was determined either from data or from subjective input.
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ATTENUATION MODEL

Several relations were combined to produce a final attenuation relation of the

f arm

In(GM = C I + C 210 + C 3 r + C4 In(r)

The ground motion parameters were PGA, PGV, and PSA, at nine frequencies

between 25 Hz and 0.5 Hz.

SEISMIC EXPOSURE EVALUATION

Seismic exposure was evaluated by computing the level of ground motion param-

eters at a site for a particular probability of exceedance.

A typical seismic region contains a number of erthquake sources. In the seismic

exposure evaluation, the effects of all sources were combined to provide n

estimate of the probability of occurrence, within the time period of interest, of

at least one event generating a given value of the loading prameter. By

repeating the process for a number of values, a cumulative distribution function

for the parameter was developed at the site. A response spectrum was obtained

by repeating the procedure for different frequencies.

TREATMENT OF ERROR

Uncertainties of two different types, systematic and random, contribute to a

seismic hazard. Systematic uncertainty is that associated with errors in the

form and parameters of models used in the course of the analysis (e.g., form and

parameters of the attenuation low, upper bound magnitudes, site amplification

f actors). We call it systematic because it uniformly affects all erthquake

events (or at least more than one event), calculated for a given site. By

contrast, the random component of uncertainty represents independent variation

from earthquake to earthquake (e.g., the magnitudes of different earthquakes,

given their common distribution, or the random uncertainty associated with
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attenuation models). Uncertainties were classified as systematic or random

because these components require separate treatment.

MAGNITUDE AND DISTANCE SENSITIVITY

In a Uniform Hazard Spectrum, the probability of exceedance at each period was

computed by combining the contribution of all earthquakes capable of affecting

the site. This implies that small, nearby earthquakes were considered in addition

to large distant events. These two classes of events normally have different

frequency contents. Since a structure will only be subjected to one earthquake

at the time, it is interesting to study the contribution to the hazard of a single

type of earthquake. Referring to Section 5.0 of the report, SHA: A Method-

ology for the Eastern United States, one can use distance and magnitude as

earthquake separators.

If, for example, one considers a site in the Central Stable Region, where only

two sources (ire major hazard contributors (the Central Stable Region, which

generates rather small nearby events, and the New Mdrid area, where large

earthquakes can potentially occur), the contribution of each of these zones is

treated independently. Figures 42 and 43 present the 1,000-year spectra

obtained from earthquakes both within and beyond a 200 km radius. As

expected, the nearby earthquakes generate a spectrum rich in high frequency

content and the distant earthquakes generate a spectrum rich in low frequency

content. Although these spectra do not represent the global hazard at the site,

they show that the use of the Uniform Hazard Spectrum in a modal superposition

analysis can be conservative; no single earthquake will have a spectrum similar

to the UHS over the whole range of frequency.

A similar study can be made regarding mgnitude contribution to the hzard.

Appendix A of 10 CFR 100 only considers the occurrence of the largest event,

whereas a UHS includes the contribution of all events. Figures 44 and 45

present the 1,000-year spectra from earthquakes of MMI < VII and MMI V11.

The figures indicate that the UHS envelopes these two types of contributors.
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These points establish the fact that in structural design, a UHS should be used

with caution. When a system can be modeled by a single-degree-of-freedom

oscillator of period T, the spectral amplitude T of the UHS correctly represents

the total hazard of that frequency. When the structure must be analyzed using

modal superposition, the combination of several spectral amplitudes from the

UHS constitutes a conservative approach. The amount of conservatism is a

function of both the type of earthquakes responsible for the hazard at the site

and the specific structural model.

4.2 NEWMARK-HALL RESPONSE SPECTRA

The Newmark-Hall method has been used to define site-specific response

spectra. By definition, the response spectrum is a graphical relationship of the

maximum response to dynamic forces of a single-degree-of-freedom elastic

system with damping. A simple example of such a system would be a mass (M)

connected to a spring (with stiffness K) and a dashpot (providing damping C).

If this system is subjected to an acceleration the equation of motion is:

MU CO Ku My

where u x - y

x displacement of the mass

y displacement of the base

When the base of the system moves, the mass is set into motion. The motion of

the base can be described by giving one of the following:

0 Displacement as a function of time

Velocity as a function of time

The cceleration as a function of time.

Many strong motion accelerograms have been obtained for a number of earth-

quakes. These accelerograms, which give the acceleration time history of the
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earthquake, can be integrated (using base-line corrections) to give a nonunique

velocity time history. By applying a second integration, a nonunique displace-

ment time history may be obtained. The nonuniqueness is a result of the base-

line corrections applied, and, while the magnitude of the maximum displacement

may vary, the maximum velocity is relatively insensitive to these corrections.

The displacement, velocity, and acceleration maximum values are especially

important because they help to define the response motions of structures.

The maximum values of the response of the system are of greatest importance to

engineers. Although there are many possible ways to express the maximum

values (e.g., maximum strain in the spring, maximum spring force, maximum

acceleration, etc.), it is advantageous to express the maximum values by a

quantity termed pseudovelocity. With units of velocity, the pseudovelocity VP)

gives a measure of the maximum energy absorbed in the spring, and is defined so
2that the energy absorbed in the spring is Y2mVp An example of a useful

relationship, following from this definition, is as follows:

For a given particular frequency:

VP = D

Ap = = 2 D

where D = maximum relative displacement of the spring

VP = pseudovelocity

Ap = pseudo acceleration.

� �KW JA

Newmark-Hall hve characterized the single-degree-of-freedom system in terms

of three measures as follows:

• Maximum displacement, which is a measure of the strain
in the spring element of the system

• Maximum pseudovelocity, which is a measure of the
energy absorption in the spring of the system
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0 Maximum pseudoacceleration, which is a measure of the
maximum force in the spring of the system.

It was recognized that, because of the relations between Ap, Vp, and D, one

could combine the response spectrum plots, thereby creating one curve which

would yield the values of Ap, Vp, and D for a given frequency. Because of the

three parameters involved in the simultaneous display, the threefold plotting

paper became known as tripartite paper, where the log of frequency is the

abscissa and the log of Vp is the ordinate, and the log of Ap at 1350 from

vertical, and the log D at 450 from vertical. Thus, any one point for a specific

frequency will define the displacement (D), pseudovelocity (Vp), and the pseudo-

acceleration (Ap).

While actual response spectra for earthquake motions are complicated and

irregular, by considering the maximum of a wide variety of motions, this

approach will typically yield a trapezoidal shape for the response spectra.

Not only does this approach to spectral shape not require statistical treatment of

many earthquake records, but it can be physically interpreted as frequency

dependent. At the low frequency end, the response of such a system approaches

an asymptote corresponding to the maximum value of ground displacement. Be-

cause a low frequency system corresponds to a heavy mass and light spring, when

the ground moves rapidly the mass does not have time to move. Consequently,

the maximum strain in the spring equals the maximum displacement of the

ground. For a high frequency system, the spring is stiff and the mass is light, so

that when the ground moves, the stiff spring forces the mass to follow the

ground movement. Consequently, the mass has the some acceleration as the

ground, and the maximum acceleration of the mass equals the maximum

acceleration of the ground. In this case, the response spectra line approaches

the maximum ground acceleration line at the high frequency side of the graph.

At intermediate frequencies, there is an amplification of motion corresponding

to the dynamic characteristics of the system.
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Equations for spectral application factors are presented in Tble 41 (Newmark

and Hall, 1978). It is important to note that the acceleration amplification has

an upper frequency cutoff where the acceleration response spectrum linearly

returns to the mximum ground motion curve. Based on their experience and

engineering judgment, Newmark nd Hall have selected a frequency window, for

this linear falloff, of to 33 Hz.

Damping has been mentioned only with regard to the equation of motion.

Increased damping generally reduces and smoothes out the overall response

spectrum. Increased dmping tends to decrease the amplification factors

(Table 42).

In computing SSRS for each of the nine sites, the UHM synthesis values of peak

ground acceleration and velocity, obtained from a weighted combination of the

opinions of all experts on the appropriate return period, were used to define the

acceleration (PGA) and velocity (PGV) values. These values were multiplied by

the appropriate dynamic amplification factor (DAFA and DAFV) of Newmark and

Hall, thus giving the SSRS. The defined frequency cutoff values of and 33 Hz

were used, as suggested by Newmark and Hall, to linearly drop the amplified

acceleration value back to its original value. The displacement part of the curve

was not calculated. Figure 46 presents the results for a typical site at a

recurrence period of 1,000 years. Three curves are shown in this figure: (1) the

UHS for comparison; 2 the Newmark-Hall spectrum using mean amplification

factors; and 3) the Newmark-Hall spectra using mean, plus one sigma amplifica-

tion factors.
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TABLE 41

EQUATIONS FOR SPECTRUM AMPLIFICATION
FACTORS FOR HORIZONTAL MOTION

(taken from NUREG/CR-0098)

Cumulative
Probability

Quantity - M Equation

Acceleration 84.1 (One Sigma) 4.38 - 1.04 Ina
Velocity 3.38 - 0.67 Ina
Displacement 2.73 - 0.45 Ina

Acceleration 50 (Median) 3.21 - 0.68 Ina
Velocity 2.31 - 0.41 Ina
Displacement 1.82 - 0.27 Ina

where In is the natural logarithm of the damping in percent.
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TABLE 42

SPECTRUM AMPLIFICATION FACTORS
FOR HORIZONTAL ELASTIC RESPONSE

(taken from NUREG/CR-0098)

Damping, One Sigma 84. 1 %) Median (50%)
% Critical A v D A v D

0.5 5.10 3.84 3.04 3.68 2.59 2.01
1 4.38 3.38 2.73 3.21 2.31 1.82
2 3.66 2.92 2.42 2.74 2.03 1.63
3 3.24 2.64 2.24 2.46 1.86 1.52

5 2.71 2.30 2.01 2.12 1.65 1.39
7 2.36 2.08 1.85 1.89 1.51 1.29

10 1.99 1.84 1.69 1.64 1.37 1.20
20 1.26 1.37 1.38 1.17 1.08 1.01
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5.0 ATTENUATION

In this section we present the attenuation model used in the analysis. Often

called the ground motion model, this model relates the size and distance of the

earthquake to the ground motion at the site. We present the development of this

model by first discussing the overall approach, then describing the data bases,

and finally discussing the various components of the final model.

Quantifying attenuation in the eastern United States is difficult due to the

almost complete absence of strong-motion data. Inferences about the attenua-

tion of ground motion in the eastern states must be made by studying systematic

differences or similarities between this area and other regions of the world

regarding information that is indirectly related to ground motion (such as

int. isity data).

5.1 INTRODUCTION

As a preliminary attempt to focus on the problem of attenuation in the eastern

United States, it is valuable to offer evidence which may illuminate the

differences or similarities between ground motion attenuation in the eastern

United States and the western United States, such as:

0 MM Intensity attenuates more slowly in the eastern
United States than in the western United States based on
an abundance of historic intensity data.

0 Propagation velocities are higher at depth in the eastern
United States than in the western United States.

0 There are higher Q-values (lower damping) in the eastern
United States than in the western United States.

0 There is no low Q-zone in the upper mantle in the eastern
United States.

0 There are systematic differences among magnitude deter-
minations between the eastern United States and western
United States.
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Ground motion characteristics tentatively can be quantified in terms of dif-

ferences in frequency content, amplitude and duration of the motion. Inferences

concerning these differences between the two regions are as follows:

• The relative damage resulting from ground motions (in the
far field s compared to the near field) is greater in the
eastern United States than in the western United States.
This implies a relatively larger energy content and

(a) larger ccelerations or

M longer durations, or

W both (a) and M

• The amplitude of body waves at the larger distances is
greater in the estern United States than the western
United States.

The :ast Coast may be a more efficient propagator of
surface waves than the Wes! Coast. This would imply
relatively longer durations and larger long-period motions
in the east.

• There may be fewer complexities in the transmission path
in the eastern states; this could explain, in part, the lower
damping. It might imply less scattering of waves, making
the east a relatively more efficient propagator of the
higher frequency motions.

• Since there are more competent rocks at depth in the
eastern states, earthquake foci may be deeper. This
might imply lower ttenuation of ground motion, as com-
pared to the western states, at distances less than several
focal depths. This would not explain differences in
attenuation at greater distances.

• Source parameters relative to the "size" of an earthquake
may be different in the eastern states than in the western
states. The higher competency of the rock and lack of
major, well-developed fault zones might imply higher
stress drops and smaller source dimensions in the eastern
United States.
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5.2 APPROACH

Due to the paucity of strong-motion data from the eastern United States, any

empirical model of attenuation must incorporate existing data on earthquake

intensity. Our recommended approach consists of developing a model for the

attenuation of site intensity using intensity data from the estern United States,

and applying empirical relationships to convert the site intensity into a ground

motion parameter. The empirical relationships are derived from strong motion

records of erthquakes in the western United States. Ground motion porameters

chosen for this analysis are peak ground cceleration (PGA), peak ground

velocity (PGV), nd several spectral ordinates t frequencies ranging from 25 Hz

to 0.5 Hz. The site intensity is also retained as an dditional measure of the

ground motion.

As discussed elsewhere, we have calculated the seismic hazard at specific sites,

using ten separate sets of information, corresponding to the data and opinions

provided by ten experts. Many of the experts preferred to ddress a seismic

hazard in terms of epicentrol intensity, and our ttenuation relation (as

described below) is appropriate for use with these experts' input. Other experts

preferred body-wave magnitude, and for these experts we factored out epicen-

tral intensity as parameter in the attenuation model, using a correlation

between body-wave magnitude and epicentral intensity.

Summarily, our pproach to ttenuation is to combine eastern United States

intensity attenuation data with western United States instrumental data, relating

site intensity to a ground motion parameter. When required for compatibility

with a particular expert's input, epicentral intensity is converted to body-wave

magnitude. The resulting attenuation model is considered to be appropriate for

soil sites. A scale factor is then developed from western United States data for

each ground motion parameter to convert the soil prediction to a rock predic-

tion.

The strength of this approach is that it specifically models the eastern United

States by explicitly incorporating intensity ttenuation from this rea. The only
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basic assumption is that correlations between site-intensity and ground motion

parameters correlations are regionally independent.

ATTENUATION UNCERTAINTY MODELS

One weakness of this approach hs to do with apportioning an attenuation model

into submodels. The uncertainty contained in each of the submodels increases

the uncertainty in the final prediction (Cornell, et a., 1977), although at the

present time, there does not appear to be any rational alternative to this. This

added uncertainty significantly influences the seismic hazard results. Greatly

improved estimates of the seismic hzard could be obtained through additional

work on this topic. When an ttenuation model is derived directly from recorded

ground motion, the statistical uncertainty usually corresponds to a one-standard

deviation level of 16-2.0 times the mean. When the uncertainty in mean

predictions of intermediate parameters (-uch as intensity) is rigorously included,

this multiplicative factor becomes 20-2.9 (Cornell, et al., 077). A hazard

analysis, which integrates out to a 2 or 3 standard deviation ground motion, is

being dominated by this multiplicative fctor.

While it has been outside the scope of our study to address this uncertainty in

detail, we believe these uncertainties to be excessive. That is, in spite of the

statistical formality, these uncertainties are derived from dta representing ll

possible earthquake types and all possible travel paths. The seismic hzard at 

particular site is usually dominated by a particular type of erthquake (e.g.,

magnitude range, depth, focal mechanism, etc.), with a particular path. We

believe that a detailed consideration of this would significantly reduce the

attenuation model uncertainty. In the meantime, we consider the appropriate

value of dispersion to be sufficiently controversial to carry two separate values

through our methodology. Our recommended value corresponds to a multipli-

CGtive value of 182 nd accounts for the reduced dispersion associated with the

commonality of travel paths, source functions and effects at ech site. We

cannot, at this time, provide a quantitative basis for this value; therefore, we

are forced to consider another, more conservative value that has formal

statistical basis. Consistent with the uncertainty contained in each of the
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submodels for attenuation, we also use a value for dispersion of a multiplicative

factor of 245. A further basis for this particular value is contained in the work

done for TVA by Weston Geophysical, Inc. 1978). Since dispersion is often

expressed as the natural logarithm of this multiplicative factor, these two values

can also be expressed as:

In0-82 = 060

ln(2.45 = 090

SITE GEOLOGY EFFECTS

Another weakness of this approach is that the influence of site geology on the

predicted ground motion at the site is difficult to quantity when the intensity

data re incorporated. In the post, several inves igators have attempted to

quantify geologic effects at the site by including geology (e.g., soil, rock) as a

parameter in the regression between ground motion and site intensity. The

difficulty in this is that the majority of intensity reports are for soil conditions

at a location near an accelerograph station. The conventional procedure has

been to adjust the intensity report for the difference in location, and to then

associate this adjusted intensity with the recorded ground motion at the site of

the accelerograph. At best, the approach for characterizing effects at a given

site is circular, and it results in a systematic bias toward soil response.

Our approach is similar to the one taken by Murphy and O'Brian 1977). Since

almost all intensity data correspond to soil intensify dta, we assume that a

correlation between site intensity and recorded ground motion will be most

representative of the soil, and that the intensity data alone are inadequate to

quantify a corresponding model for rock. We feel that the best way to

accurately define a rock model is to use western United States data for ground

motion as a function of distance, magnitude, and type of site. None of the

intensity biasing problems discussed above exists for this data set, although we

acknowledge potential biases such as building foundation effects (Boore, et al.,

1978). The data currently available are insufficient to resolve at this level of

detail, and we, in the end, rely on the overall "reasonableness" of the rock model
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as a last check. We present the detailed results on our treatment of geology in a

following section, after a summary presentation of the strong-motion data base

used for analysis.

5.3 DATA BASES

Two data bases are required for our analyses; non-instrumental eastern United

States intensity attenuation data and instrumental western United States strong-

motion intensity data.

INTENSITY DATA BASE

The objective of analyzing this data base is to characterize the rate of intensity

attenuation. Given this, the ideal data base consists of an error free set of all

site intensities from the epicentral value down to MMI of I or 11. Furthermore,

this ideal information would represent a variety of epicentral intensities. For a

number of reasons, this ideal cannot be achieved. First of all, the intensity data

are not generally reported in this detail; most commonly, only the isoseismal

contours are published. Even when the actual intensity values are available, the

data are strongly biased toward the higher intensities because it is difficult to

discriminate between reported intensities in the range from I to 111. Therefore,

these data are almost always reported as an aggregate. This virtually eliminates

the smaller earthquakes (epicentral intensity less than V or VI) as candidates for

the data base.

We have examined all possible sources for this data and have found only four

earthquakes that meet the above criteria. These earthquakes and their sources

are tabulated in Table 5- 1. As will be described in a following section, we infer

an intensity attenuation model from the results of regression analysis on the

intensity data from these earthquakes. Although it would, of course, be

desirable to base the model on additional data, we are not aware of any other

available data. Furthermore, we know of no other attenuation model which was

based on the actual intensity reports (rather than the isoseismal radii) that uses

this many earthquakes. Finally, it is notable that the epicentral intensity of
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TABLE 5-1

SUMMARY OF EARTHQUAKES USED
IN THE INTENSITY DATA BASE

Name Date maximum Analysis SourceIntensity

Southern Illinois 11/9/1968 Vil G. A. Bollinger

Ossippee 12/20/1940 VI) R. J. Holt

Giles County 5/31/1897 VI[-Vill G. A. Bollinger

Charleston 8/31/1886 X G. A. Bollinger
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these four earthquakes covers the range of design earthquakes considered to be

appropriate for the sites under consideration here.

STRONG-MOTION DATA BASE

This data base of strong-motion instrumental records is used to derive relation-

ships between site intensity and ground motion parameters. The requirements of

this data base are that it:

0 Be readily available

0 Be credible and have precedent in application

0 Include the digitized time histories and, therefore, the
spectral ordinates

0 Include an estimated site intensity at the accelerograph
station

0 Cover a range of distances, magnitudes, and site inten-
sities.

We have reviewed several candidate data bases and have concluded that the

Trifunac and Brady data base 1976) best meets these criteria. Most important

in this evaluation was the fact that their data base has been extensively used by

the NRC in the siting of critical facilities. Furthermore, the data base has been

subjected to statistical analysis by several investigators besides Trifunac (e.g.,

Werner, et al., 1975 or Krinitzsky and Chang, 1975), thus providing a convenient

basis for comparison.

The original data base included a site geology descriptor as "soft, intermediate,

or stiff." We feel, however, that not only is it unnecessary to have such high

resolution in characterizing the geology of the site but also that the data are

generally incapable of providing this resolution. We have, therefore, converted

all site geology classifications in the data base to "soil" or "rock" according to

the criteria presented by Boore, et al. 1978).
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5.4 EFFECT OF SITE GEOLOGY

The gross effects of site geology are important but cannot be ccounted for by

an approach that is based solely on site intensity data. Our pproach is to

predict the soil response at a site and then to correct this prediction by a

multiplicative factor for rock sites. This factor was derived from regression

analysis on the same data base that was used to predict response as a function of

site intensity, but instead the independent variables were magnitude distance,

and site geology (soil = 0, rock = 1). The coefficient derived from the regression

analysis on site geology, corresponds to the desired multiplicative fctor. This

approach is, of course, not new; it has been applied by several other investigators

to slightly different data bases (e.g., McGuire, 1978 or Trifunac, 1976). We are

aware of some subtle biases that may affect the statistical conclusions. For

example, as Boore, et al. 1978) have pointed out, there is a cross-correlation

between the type of site and the type of building that houses the accelerograph.

Data at this time are insufficient to separate these effects.

The regression was performed for a set of dependent variables corresponding to

peak ground acceleration (PGA), peak ground velocity (PGV) and spectral

ordinates (PSA) at nine frequencies 25, 20, 12.5, 10, 5, 33, 25, 1.0, 0.5 Hz).

The results of regression analysis are shown in Table 52, which presents the

multiplicative factor as a function of frequency. This factor was directly

applied to the corresponding predicted soil response when required for rock

prediction. Note that these results are not at all inconsistent with previous

investigations into the effects of site type and appear to be intuitively very

reasonable.

5.5 INTENSITY ATTENUATION

The intensity attenuation model used in this analysis was derived from the

intensity data base described above. This data base is unique in that it consists

of actual intensity reports rather than simply the isoseismal radii. There are two

advantages to using the actual reported intensity data. First, isoseismal radii

data, which are more readily available, are the result of a seismologist's opinion
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TABLE 52

SUMMARY OF REGRESSION ON SITE GEOLOGY

(S: soil = 0, rock = 

In (GM) = C I C2ML + C3 In W + C4S

M L Local Magnitude

r- Kilometers

GM Units Frequency C
(Hz) 4

PGA CMIS2 ---

PSA cm/s 2 25.0

PSA CMIS2 20.0

PSA cm/S2 12.5

PSA CMIS2 10.0

PSA CMIS2 5.0 -0.100

PSA CMIS2 3.3 -0.256

PSA cm/s 2 2.5 -0.334

PSA CMIS2 1.0 -0.604

PSA CMIS2 0.5 -0.705

PGV cm/s --- -0.504

Statistically insignificant coefficient
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or judgment on a set of intensities. The algorithms for constructing the contours

are nonuniform and nonrigorous. Furthermore, the representation of a complex

contour by c single radius involves another layer of judgment and uncertainty.

Secondly, using the actual intensity data allows statistical statements to be

made about the variability of intensity. This cannot readily be done with

isoseismal radii.

Each of the earthquakes listed in Table 5-1 has been analyzed by other

investigators, and the results of these analyses form the bsis for our attenuation

model. Figure 5-1 shows the individual intensity attenuation relations for each

of the earthquakes, normalized to the some epicentral intensity. Note that

although these earthquakes occurred in different tectonic settings and were felt

over a variety of geologies, the average intensity attenuation is not greatly

different.

There are three methods for defining an average attenuation model from these

data. First, one could combine all the individual intensity data from all

earthquakes and perform statistical regressions on the aggregate data set. The

problem with this approach is the inadequacy of the data set to cover the

independent variables. Alternatively, one could select a typical earthquake with

a typical attenuation relative to the others. In this approach, for which this

study relied on existing correlations from the sources indicated in Table 51,

each investigator performs his statistical analysis differently. A third approach

is to integrate available theory with the intensity data from one or more

earthquakes to yield a composite attenuation model. We prefer the latter

approach because the data from the individual earthquakes is of variable quality

depending upon the date of the earthquakes, the population density, etc. Among

the earthquakes cited in Table 51, the 1968 Southern Illinois earthquake is

probably the best studied earthquake because it is recent and it occurred in a

region of high population density. This earthquake was a key component in the

semi-theoreticcl intensity attenuation model developed by Gupta and Nuttli

(I 976); therefore, we have selected this attenuation model for our analysis.

C-44



x

00 coco

0co
C)

LLI
u

04 z

0 v u 'o, F-

LLJ

z
0
F-

z <

z
Lu LLJ
-r F-

< F-
<

z LL F-
z
LLJ

Lli

u
LLJ

z
ui
F-
Z

(Iwvy)

IN3W38D30
&IlSr43INI

C-45



Using dta from isoseismals of the November 9 1968 southern Illinois and the

December 6 181 1, New Madrid, Missouri earthquakes and assuming a linear

relationship between particle velocity and Modified Mercalli (MM) intensity,

Gupta and Nuttli 1976) expressed MM intensity attenuation by the equation,

Is = I 37 - 0.00 I r - 27 log Io r0

which is valid for I -:- IV and epicentral distance r a 20 kilometers. It is based

on previous studies by Nuttli of Mississippi Valley earthquakes which indicate

that higher-mode surface waves produce the largest ground motion except

possibly in the near-field region, and that particle velocity rther than acceler-

ation correlates directly with intensity and attenuates with distance consistent

with a coefficient of anelastic attenuation of 0.10 per degree. They found this

relationship to show fairly good greement with isoseismals of mny large

(I � '1) earthquakes in the central United States.0

For the purposes of this study, in order that the above relationship should

approximate a median distance for which a given intensity level is representative

and not a maximum distance, the intensities predicted by the above equation

were reduced by Y2-/AM intensity unit, resulting in the expression,

Is = I 32 - 0.00 I r - 27 log, r

For purposes of sensitivity study, we have lso selected the intensity dta from 

single earthquake for development Of n alternative attenuation model. We have

selected the Ossippee earthquake for this purpose because it displays a more

reasonable for-field slope and because within 100kilometers it is roughly

identical to the other intensity models. For these reasons and because its

attenuation appears to be most typical, we have selected this earthquake's

attenuation as the attenuation model appropriate for this nalysis. Making the
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common assumption of linear scaling between epicentral intensities, the result-

ing attenuation function takes the form:

Is = I + 0774 - 001 l7 - 0302 In(r)

where: r is the epicentral distance in kilometers.

The next section describes how these predicted site intensity models are

converted to a ground motion parameter.

5.6 GROUND MOTION - SITE INTENSITY

The strong-motion data base described above was used to develop a correlation

between various ground motion parameters and site intensity for soil sites.

Extensive work has been performed by other investigators in relating peak

ground acceleration to site intensity. Figure 52 is a graphic representation of

some of these relations. In reviewing previous efforts, we concluded that

application of relations like these to sites in the eastern United States would

have two mjor shortcomings; that is, they account for neither the distance

between the source and the site intensity nor the magnitude of the event. After

a critical review of the implications regarding the use of these independent

variables, we determined that the distance dependence was very complex and,

further, was masked by the more dominant magnitude effects. Accordingly, our

ground motion intensity model is built upon the functional form:

In(GM = F (I s t L)

where: GM corresponded to PGA, PGV, and PSA at the nine
frequencies summarized.

The results of the regression analysis are given in Table 5-3. The transformation

from the local magnitude (M L ) scale to the short-period body wave magnitude

(mb) scale was accomplished by an expression developed by Nutt I i (I 980),

mb = 098 M L 0.29
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TABLE 53

SUMMARY OF REGRESSION RESULTS

In (GM) CI + C s C ML

I mmls

ML Local Magnitude

GM Units Frequency C C C
(Hz) 1 2 3

PGA CMIS2 -- 0.963 .626 -. 128

PSA cm/s2 25.0 0.846 .649 -. 122

PSA CMIS2 20.0 0.922 .651 -. 131

PSA cm/S2 12.5 1.301 .655 -. 175

PSA CMIS2 10.0 i.484 .663 -. 194

PSA cm/S2 5.0 2.271 .632 -. 219

PSA CMIS2 3.3 1.890 .651 -. 167

PSA CMIS2 2.5 -1.570 .615 -. 092

PSA cm/s 2 1.0 -1.207 .545 .333

PSA CMIS2 0.5 -2.960 .458 .554

PGV cm/s --- -2.622 .512 .170

m b= 098 ML 0.29

C-49



based on 30 earthquakes of M L 45-7.2 having occurred in the western United

States since 1933. This suggests that for a specific earthquake the observed mb

would be on the average 04 units lower than its corresponding M LI independently

of the size of the event. It should be noted that many of the mb values used in

the development of the above relationship were recomputed by Nuttli to put

them on consistent and meaningful basis.

5.7 INTENSITY - MAGNITUDE

We occasionally require an attenuation relation in terms of body-wave magni-

tude. When this is the case, we need a relation relating these two items. It is

well known that intensity is a poor measure of the size of an earthquake, and

therefore, particular care must be taken in constructing this relationship. It was

for this reason that we solicited the opinion from the expert panel on this

subject. The general response from the experts was that the relation

I = 2m b - 35

was the most appropriate. This relation, or a close approximation to it, had been

derived separately for both the central United States (Nuttli, 1974) and the

northeastern United States (Street and Turcotte, 1977). Furthermore, in both

cases, the epicentral intensities used in the correlation were derived not just

from the epicentral value but also such measures as the rate of intensity falloff

or the rea under the Intensity V isoseismal contour. Figure 53 compares this

relation (labeled "experts") with several other relations for other areas.

5.8 FINAL ATTENUATION RELATION

Each of the previously discussed relations were combined to produce two final

attenuation relations for soil sites of the form:

In (GM) = C I C2'o + C3 r + C4 In 
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(When required for a particular expert's input, I was converted to mb through

the previously discussed relation.) The ground motion (GM) parameters were

PGA, PGV, and PSA at nine frequencies between 25 Hz and 0.5 Hz. The results

of this combination of regression results is presented in Tables 54 and 5-5. The

two models are graphically compared in Figures 54 through 57. The two

models intersect at 20 nd 200 km, mking the ground motion model based on the

Ossippee attenuation more conservative within that range nd less conservative

beyond 200 km.

5.9 SCALING TO OTHER DAMPING VALUES

We have developed attenuation laws for, among other parameters, the percent

damped PSA spectral ordinates. Because of the time and cost in performing the

seismic hazard analyses, we have restricted the hazard analyses to this percent

damped attenuation lw. Since the spectral ordinates at other damping VaIUE.�

could be of considerable interest, we have developed a scaling law for converting

the results of the hazard nalysis to other damping values.

The approach was to perform a regression analysis on the same strong-motion

data base as described elsewhere in this report. The regression were of the

f orms

In (GM) = F(Is) r A

and

In (GM) = F(Is, ML, A)

where: A is the decimal fraction damping and GM is the
PSA at nine frequencies.

Although the dta set consisted of spectral ordinates at 0.00, 002, 0.05, 0.10,

and .ZU damping factors, we excluded the undamped ordinates because of their

statistical instabilities. The results of these regressions are tabulated in

Table 56; the coefficient of the damping (C3) is independent of the functional

form. As expected, the spectral ordinates become much less dependent on the
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TABLE 54

SUMMARY OF REGRESSION RESULTS

Gupta Nuttli (Soil)

In (GM) = C I C2 lo+ C3 r + C HO

I- Mmi0

r - kilometers

Gupta Nuttli Intensity Model

GM Units Frequency C C C C
(Hz) 1 2 3 4

PGA cm/s 2 -- 2.70 .56 -. 0007 -. 733

PSA cm/s 2 25.0 2.67 .59 -. 0007 -. 760

PSA cm/s 2 20.0 2.73 .58 -. 0007 -. 761

PSA cm/s 2 12.5 3.04 .57 -. 0007 -. 768

PSA cm/s 2 10.0 3.20 .56 -. 0007 -. 775

PSA cm/s 2 5.0 3.84 .52 -. 0007 -. 740

PSA cm/s 2 3.3 3.63 .57 -. 0007 -. 762

PSA cm/s 2 2.5 3.34 .57 -. 0007 -. 719

PSA cm/s 2 1.0 1.23 .71 -. 0006 -. 63'7

PSA cm/s 2 0.5 -0.34 .74 -. 0005 -. 536

PGV cm/S -- -0.50 .64 -. 0006 -. 645
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TABLE 5-5

SUMMARY OF REGRESSION RESULTS

Ossippee (Soil)

In (GM) = C I C2 lo C3r + C4 In(r)

10 MMI

r - kilometers

Ossippee Earthquake Intensity Model

GM Uni .ts Frequency C C C C
(Hz) 1 2 3 4

PGA cm/S 2 -- 1.18 .56 -. 007 -. 189

PSA Cm/S2 25.0 1.09 .59 -. 008 -. 196

PSA Cm/S2 20.0 1.15 .58 -. 008 -. 197

PSA cm/S2 12.5 1.45 .57 -. 008 -. 198

PSA cm/s 2 10.0 1.59 .56 -. 008 -. 200

PSA CMIS2 5.0 2.30 .52 -. 007 -. 191

PSA CMIS2 3.3 2.05 .57 -. 008 -. 197

PSA cm/s 2 2.5 1.85 .57 -. 007 -. 186

PSA cm/S2 1.0 -0.09 .71 -. 006 -. 165

PSA Cm/S2 U.5 -1.45 .74 -. 005 -. 138

PGV Cm/s -1.84 .64 -. 006 -. 167
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TABLE 56

SUMMARY OF REGRESSION RESULTS

In (GM) CI+ C s C A C4 In(r)

In (GM) CI+ C s+ C3& + C ML

Is-MMI

r -kilometers

, -decimal damping

M L Local Magnitude

Frequency
GM Units (Hz) C3

PSA cm/s 2 25

PSA CM/s 2 20

PSA cm/s 2 15.3 -0.666

PSA cm/s 2 12.5 -1.382

PSA cm/S 2 10.0 -2.085

PSA cm/s 2 7.7 -2.935

PSA cm/s 2 5.0 -3.923

PSA cm/s 2 3.3 -4.575

PSA cm/s 2 2.5 -4.491

PSA cm/S 2 1.33 -4.160

PSA cm/s 2 1.0 -4.511

PSA cm/s 2 0.50 -3.668

Statistically insignificant coefficient
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damping factor with increasing frequency. These results appear to be consistent

with related analyses performed by McGuire (I 977) and Husid (I 963). Of course,

since this method is very approximate, the results should be used accordingly.
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6.0 SRSS RESULTS AND CONCLUSIONS

As stated in Section 1.0, the objective of this study was to develop the Site

Specific Response Spectra MRS) for each of the nine sites, considering the

unique site conditions and quantifying the uncertainty and conservatism in

defining seismic hazard. The SSRS would be used to identify the sites at which

the seismic mrgins are clearly acceptable. Furthermore, for the sites for which

the margins required additional investigation, the SSRS methodology could

readily identify the most significant and uncertain parameters. This identifica-

tion could provide a basis for more detailed investigations. Two specific

methodologies were to be used in this effort, namely, the Uniform Hazard

Spectrum (UHS) and the Newmark-Hall Spectrum.

The results presented in this section acc mplish tis objective in that the

quantification of uncertainty by various approaches provides a useful tool for

comparative evaluation of other definitions of seismic hazard, such as the FSAR

definition. This section presents results for two seismicity and ground motion

models for a site in the central United States (Dresden) and a site in the eastern

United States (Yankee Rowe). Complete results and sensitivity analyses for all

sites are presented in the report, SHA: Site Specific Response Spectra

Sensitivity Results.

In view of the state of the art of probabilistic risk assessment and seismology we

recommend extreme caution in using these results as an absolute measure of the

earthquake hazard. In addition, consistent with the recommendations of the

Lewis Report or Wash-1400, we strongly recommend that these results be

complemented, whenever necessary at particular sites, by additional sensitivity

studies. Furthermore, we encourage peer review of the results and, more

importantly, recycling of the solicitation of expert opinion. Such an effort is

presently under way and will be reported in another report.

In this study, a major effort was directed at processing the experts' opinions.

The methodology which we developed integrated the opinion of xperts and
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uncertainty with a statistical model of erthquake occurrence. Care ws taken

to preserve each expert's opinion nd not supplant it with our opinion. There-

fore, while the expert pnel response is eloquent testimony to the uncertainty in

seismology (particularly in the northeastern U.S.), its response can be used to

focus on dditional effort that M!aht be required at one or two sites.

Additional effort should focus on a more effective quantification of the degree

to which each type of uncertainty affects the SSRS results: the uncertainty due

to ntural phenomena randomness and the uncertainty due to lack of man's

knowledge. Uncertainty dominates the results in seismic hazard definition;

therefore, it is important for decision makers to recognize these different

factors. Additional studies can often reduce the uncertainty ssociated with a

lack of knowledge, but the inherent uncertainty of natural phenomena will

always have to be included in a seismic hazard definition.

6.1 IMPORTANT PARAMETERS

This study has identified several important parameters which, in general, fall

into two sets. In the first set, two major parameters must be determined prior

to selecting SSRS for design evaluation; namely, the return period or likelihood

of occurrence and the type of earthquakes to consider. So that judgments about

these parameters can be made, seismic risk must be understood as a combination

of the seismic hazard, the facility's resistance, and the consequence of failures.

While these judgments are obviously beyond the scope of this study, several

points can be made regarding the results.

The effects of return period on SSRS are substantial as can be seen from the

tables and figures presented in this subsection. A good frame of reference for

evaluating return period effects is Real Time History Spectra (RTHS), which are

independent of return period.

Regarding the type of earthquake, the basic issue is to what extent all

earthquakes (big nd small, near and for) should be considered in design
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evaluations. Section 41 discussed this issue in detail for the UHS. Basically, the

UtIS, and by inference, the Newmark-Hall spectra cpture the effects of ll

earthquakes. The Real and Scaled Time History Spectra capture only the effects

of large nearby earthquakes. This difference is most significant in the longer

periods. From a structural resistance point of view, this may not be significant

for many nuclear power plant structures. From a regulatory viewpoint, the

emphasis of Appendix A to 10 CFR 100 is on seismic design for large nearby

earthquakes. In any event, three approaches to this issue are possible: ) use a

spectrum that conservatively envelopes ll earthquakes, such as the UHS, 2) use

one spectrum that is developed from large nearby earthquakes such as a RTHS or

STHS; or, 3 use two spectra, one developed from nearby earthquakes and one

from distant earthquakes. It is interesting to note that Housner originally

proposed two seismic design spectra, one for the near-field events and another

for distant events. In consideration of possible conservatism contained in

Option I UHS), we developed a probabilistic approach for Option 3 i ; Section .0

of the report SHA: A Methodology For The Eastern United States.

The second set of parameters involves areas in which significant sensitivity has

been found. A seismic exposure analysis combines the effects of various

parameters representing source function, source seismicity, attenuation and

seismic exposure evaluation models and the associated uncertainty. The

sensitivity of the analysis to these parameters is often a function of the location

of the site with respect to the seismic sources and the seismicity of the sources.

hence, a detailed sensitivity analysis is necessary on a site-specific basis to

determine the quantitative importance of the parameters. The sensitivity is also

a function of the return period of interest and the frequency range considered.

However, the following general comments are of particular interest.

Zonation

The sensitivity to zonation is site specific. For the sites located in the Central

Stable t-<egion, there is little sensitivity because the main contributing sources

are the host region, whose boundaries re relatively fixed, and the New Madrid
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area which is too distant to reflect minor variations in boundary conditions.

This conclusion is representative of the results derived from ll experts. We are

unable to draw such quantitative conclusions in the northeast because the

complexity of the zonation and the variation between experts would require a

detailed study to determine the sensitivity of this parameter.

The sensitivity of the results to the "background' versus "no background"

zonation is a function of the credibilities assigned to the zones, the location of

the site, and the attenuation low. If the credibility of any one zone modeling a

source is high, the probability of the background is low; therefore, few events

are allowed in it and their effect is marginal. On the other hand, if the

credibility of all the zones is low, the probability of the bckground is high;

consequently, it may become the major zone for that source. In the present

analysis, the background probabilities were seldom greater than 20 percent.

When the site is located away from mor source, as all the sites being

considered in this analysis are, the introduction of the bckground allows larger

events to occur closer to the site and increases the hazard. On the contrary,

when the site is located within a highly seismic zone, the background decreases

the hazard by allowing the distribution of the seismicity over a larger rea In

this analysis the "background" zonation gve higher results than the "no

background" zonation by a factor of 10 to 25 percent. This conclusion is

dependent upon the ground motion model used because slow attenuation and

large uncertainty introduce greater contributions from distant zones.

Upper Magnitude Cutoff

The sensitivity of the results to the Upper Magnitude Cutoff (M u) is a function of

the distribution of the among various source regions, the slope of the

recurrence relationship and the return period of interest. If the return period is

short, the does not contribute significantly to the hazard. Similarly, if the

recurrence slope is steep, the probability of occurrence of the M becomes so

low that an increase in M only marginally modifies the results. On the other
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hand, for long return periods (greater than 5,000 years) and a gentle slope the

modifications become significant.

Attenuation elationships

Seismic hazard studies are prticularly sensitive to the attenuation relationships

used. In the analysis, the uncertainties lie at two levels. First, the mean of the

attenuation is often ill-defined in the near field where limited data are available.

The addition or exclusion0f G few dta points in the near fields cis well as the

choice of a given mathematical model often will have a dramatic effect on the

mean and consequently on the seismic exposure. Second, the uncertainty

associated with a fixed mean is a very sensitive parameter. In this analysis, the

uncertainty is described by a log-normal distribution with two different values of

sigma. A sigma of 06 cn be justified by direct regression on the western states

acceleration dta. On the other hand, sigma of as high as 09 can be calculated

by certain mathematical mnipulations. Such large uncertainty leads to large

accelerations for low probability of exceedance; that is, the acceleration

corresponding to the 2 and 3 sigma probability of exceedance is equal to 6 and 

times the mean, respectively. This implies that if the mean is 03 g the 3 sigma

acceleration would be 45 g. because of sch physical inconsistencies, it has

become common practice to truncate the distribution at, for example, three

standard deviations. While this has the desired effect of eliminating nonplausible

accelerations, there is very little basis for a specific truncation model. Unfor-

tunately, the size of the sigma and the distribution truncation are very sensitive

parameters, with their effects becoming more pronounced for a given expert's

results at larger return periods. Result variations of 50 percent are not

uncommon for IOUU-year return periods. The importance of the attenuation

uncertainty moael is further dramatized by noting that the model is applied

uniformly to each expert. Therefore, it has an effect on the results that cannot

cancel out, as is the case with other elements of the input.
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Sensitivity to Seismicity Model Uncertainty

Usually, we observe that the exposure is relatively insensitive t 0 Variation of

the overall seismicity of a region (variation of "all parameter by 10 to 20 per-

cent), whereas, it is quite sensitive to the variation of the earthquake distribu-

tion W-value). The sensitivity of the results to b-value uncertainty can be

established by holding the expected value constant and by varying the uncertain-

ty about the mean, as modeled by the gamma and beta distributions. A larger

uncertainty increases the probability of a higher level of seismicity at the

expense of a lower level. Since the effect depends upon the distribution of

seismicity, it is very difficult to generalize the results for short return periods.

For longer return periods, a global increase is expected which may be significant.

For the 4,000-year spectrum, increases of 30-50 percent over the whole

spectrum is not uncommon. Such conclusions were generally applicable for all

the sites and for all the experts.

6.2 SSRS FOR DRESDEN AND YANKEE ROWE

The report, SHA: Site Specific Response Spectra Sensitivity Results, presents n

extensive sensitivity analysis for all sites as a function of the zonation interpre-

tation background versus no background), the upper magnitude cutoff 000-year

time period versus unconstrained time period), the ground motion models and the

uncertainty associated with them.

In this section, we present selected results from the Dresden and Yankee Rowe

sites. The emphasis is placed on the results' variation to the expert's input, the

zonation interpretation, the ground motion model, and the uncertainty associated

with it. We then present the relative contribution of the different seismic

sources to the hazard. This information is useful to the decision maker because

it allows him to quantify the type of earthquake responsible for the hzard at the

site.
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6.2.1 SEISMIC INPUT PARAMETERS

The three sets of input parameters considered in this analysis are described in

Table 6- 1. We present Input I as our preferred input because the background

zonation provide G way to reflect the level of confidence the experts had in

their zonations. We feel, with the reservations presented in Section 5.0 that the

Gupta-Nuttli intensity attenuation, which is based on several earthquakes, i G

better intensity predictor than one developed from the data of a single event. In

terms of the acceleration uncertainty model, we feel that a value of 06, which

is based on regressions performed on strong motion data in the western United

States, is conservative. Also, we think that there is no evidence for the ground-

motion uncertainty to be different in the eastern states than in the western

United States. Truncation of the log-normal distribution at three sigmas is a

reasonable (but arbitrary device to prevent the occurrence of physically

unreasonable accelerations. For the return periods of interest, it does not have

significant effects on the results. Input 2 is the same as Input I with the

exception that it uses the "no background" zonation. Input 3 uses the "no

background" zonation and different ground-motion models for the central nd

eastern United States. The very large value of sigma 0.9) is obtained from a

formal treatment of error in the stepwise development of the attenuation

relationships. The log-normal distribution must then rbitrarily be truncated at

two sigmas to prevent the occurrence of unrealistic acceleration values.

6.2.2 REGIONAL FACTORS AFFECTING THE RESULTS

In evaluating the factors contributing to the SSRS results, the methodologies

explicitly depend upon expert opinion either for spectral anchor points or the

entire spectrum (UHS). Therefore, any analysis of these results necessitates a

discussion of the subjective input from individual experts. For consistency, the

experts are numbered in the same manner (e.g., E 3 for Expert 3 as in the report,

SHA: Solicitation of Expert Opinion. The reader is referred to that report for

detailed information concerning the expert opinion used and to the companion

report, SHA A Methodology for the Eastern United States.
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TABLE 61

SEISMIC INPUT PARAMETERS

DRESDEN YANKEE ROWE
(Rock Site) (Soil Site)

Input I

Background Zonation

Gupta-Nuttli attenuation

Sigma (in GM) = 06

Truncated at three sigmas

Input 2

No Background Zonation

Gupta-Nuttli attenuation

Sigma (In GM) = 06

Truncated at three sigmas

Input 3

No Bckground onation No Background Zonation

Gupta-Nuttli attenuation Ossippee Attenuation

Sigma (In GIV = 09 Sigma (in GM) = 09

Truncated at two sigmas Truncated at two sigmas
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It is interesting to examine how the contribution of the different sources to the

SSRS varies Gs a function of the return period and the period of the spectrum.

Generally, as the return period increases, sources with higher upper magnitude

cutoff become more important and dominate sources with lower upper magnitude

cutoffs located at the same distance. This trend is expected since, for a return

period greater than the one corresponding to the largest event in a lower

seismicity zone, the zone contributes to the exposure only through the uncertain-

ty associated with attenuation relationships. For higher seismicity sources

located at greater distance, there is a trade-off between higher seismicity and

greater attenuation. The global effect cannot be predicted, but must be assessed

case-by-case.

Similarly, over the frequency range of the spectrum, the contribution shifts from

nearby events, which are rich in high frequency energy, to distant events whose

high frequency is filtered out.

6.2.3 DRESDEN

The results for Dresden are presented in Table 62 and Figures 61 (a, bc and d)

through 6. (, b, c and d) for the three sets of input parameters. The Uniform

Hazard Spectrum results presented in the tables are those used as anchor points

for the Newmark-Hall Spectra. The figures of SSRS for each site are in four sets

representing 200-, 1,000- and 4,000-year return periods and the Uniform Hazard

Spectrum (5 percent damping) for each expert at a 1,000-year return period.

The first three figures each present three curves: the Uniform Hazard

Spectrum, and the mean and 84th percentile Newmark-Hall Spectra anchored by

the peak acceleration nd peak velocity.

The two dominant zones are the Central Stable Region (CSR) and the New

Madrid Region (NIVO. Their contributions to the SSRS loods Vary from expert to

expert as a function of their zonation, their upper magnitude cutoff and their

recurrence relationships; however, several trends are constant. The contribution

of a source is measured relative to the contributions of the other sources.
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TABLE 62

DRESDEN

PGA, PGV and MMI*
FOR 200, 1000, and 4000 YEAR RETURN PERIOD

RETURN 200 1000 4000
PERIOD
(YEARS) SYNTHESIS RANGE SYNTHESIS RANGE SYNTHESIS RANGE

INPUT I

PGA 2 58 41-92 104 70-172 166 110-269
(cm/sec )

PGV 6 5-10 1 6-20 17 10-30
(cm/sec)

MMI 6.2 5.6-7.2 7.3 6.6-8.3 8.1 7.3-9.1

INPUT 2

PGA 2 54 40-95 96 65-176 150 95-267
(cm/sec )

PGV 6 4-11 9 6-20 15 9-30
(cm/sec)

MMI 6.1 5.5-7.2 7.0 6.4-8.4 7.8 7.1-9.1

INPUT 3

PGA,
(cm/sec 2 68 48-115 124 84-235 198 122-369

PGV 7 5-12 12 7-26 19 11-39
(cm/sec)

MMI 6.1 5.5-7.2 7.0 6.4-8.4 7.8 7.1-9.1

Assuming a soil site response. See section 5.0.
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Hence, if one source has a constant effect and the others a decreasing one (e.g.,

as a function of distance), the global exposure decreases and the contribution of

that source increases.

SENSITIVITY TO INPUT

The difference between Input I and Input 2 resides only in the zonation (Table

6- 1).

As cn be seen from Table 62, the hazard is increased by to i 0 percent by the

introduction of "background" zonation. This increase is more pronounced for

larger return periods. The introduction of the background increases the contri-

bution of New Madrid Region by roughly 10 percent at the expense of Central

Stable Region (CSR) both for PGA and PGV as large earthquakes are allowed to

occur closer to the site.

The variation in the attenuation model uncertainty (Input 3 versus Input 2 has a

more drastic effect. Although the overall uncertainty is the same (six times the

mean), the shape of the distribution is different (truncation at three sigmas

versus two sigmas). This leads at 1,000-year return period to a 25 and 75 percent

increase for PGA and PGV, respectively. The intensity results in Input 2 and

Input 3 are the same because the same model uncertainty was used.

SENSITIVITY TO EXPERT OPINION

The variation in the Uniform Hazard Spectra for individual experts (Figures

6- Id, 6-2d and 6-3d) can be explained by identifying the major differences in

input from expert to expert. As discussed below, the contribution of different

sources varies with frequency and return period. Since the "no background"

zonation presents more clearly the respective effect of each source, the 1,000-

year return period associated with Input 2 was chosen to evaluate the contribu-

tions.
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Source Contribution for PGA

E 8 has a very low upper magnitude cutoff for CSR, which leads to a low exposure

at the site and therefore a large relative contribution for NM 90 percent for NM

versus 10 percent for CSR). The some ratio is recorded for Elo who has a gentle

recurrence slope 0.6 02) for NM: this gives a high exposure at Dresden and a

high contribution cutoff from NM. E 12 has an average seismicity for NM and a

low upper mgnitude cutoff for CSR: this increases the relative importance of

NM 65 percent versus 35 percent for CSR). For the other experts, NM

contributes about 35 percent. E 7 and E 9 have a specific source in northern

Illinois and model the Sandwich fault explicitly. This concentrated the seismicity

within that source close to the site and increases the hazard. The contributions

of their sources are very similar: CSR (15 percent), northern Illinois (50

percent), Sandwich fault 7 percent). E 5specifies an upper magnitude cutoff of

MMI-XII. This increases the hazard, but not to the extent that might be

expected since recurrence slope is fairly steep 0.575 0125). Anna has a rather

low contribution, an average of 3 percent with a range from to 6 percent.

Source Contribution for PGV

At the 1,000 year return period PGV, the contribution of NM is overwhelming,

between 85 and 100 percent for E 31 E 81E10, E II, and E 12' For E 7 and E, the

contribution of the Northern Illinois zone remains strong 35 percent) versus NM

(65 percent). For E 5 the MMI-XII upper intensity cutoff keeps the contribution

of CSR high (58 percent) versus NM 37 percent), and Anna (5 percent).

CONTRIBUTION VARIATION WITH RETURN PERIOD

As the return period increases, the contribution to the hazard is shifted from

low-level activity sources toward more seismic sources. This trend is general

since, for long return period sources with low upper-magnitude cutoffs contri-

bute to the hazard only through the uncertainty in attenuation relationships

whereas, sources with higher seismicity still generate events. However, a
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number of parameters (level of seismicity, upper magnitude cutoff, distance)

with competing effects mitigate the impact of this phenomenon. The following

table presents a typical variation (E 7) of source contribution (in percent) to the

hazard (PGA) cis function of return period.

RETURN PERIOD
(Years)

SEISMIC SOURCES 200 j-1000 4,000

Central Stable Region 15 10 7
Northern Illinois 46 60 67
New Madrid 34 28 25
Anna 5 2 1

CONTRIBUTION VARIATION WITH FREQUENCY

The contribution of the ifferent sources varies greatly as a function of the

frequency being considered. As shown below, the effect of the New Madrid

region increases dramatically with period. Such a trend is expected since the

energy of motion attenuates fster with distance in the high frequency range

than in the low frequency. The following table presents a typical variation of

source contribution (in percent) as a function frequency content for the ,000-

year return period.

PERIOD (SEC)
SEISmIC

SUURCES PGA 0. 1.0 PGV MMI

CSF< 62 68 25 2U 50
NM 3� 30 74 80 50
Anna 3 2 1 -- --

6.2.4 YANKEE ROWE

The results for Yankee Rowe are presented in Table 63 nd Figures 64 (abc

once d) through 66 (abc and d) for the three sets of input parameters. The UHS

results presented in the tables ore those used as anchor points for the Newmark-
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TABLE 63

YANKEE ROWE

PGA, PGV and MMI
FOR 200, 1000, nd 4000 YEAR RETURN PERIOD

RETURN 200 1000 4000
PERIOD
(YEARS) SYNTHESIS RANGE SYNTHESIS RANGE SYNTHESIS RANGE

INPUT I

PGA 2) 84 56-115 142 83-197 221 110-331(cm/sec

PGV 11 7-17 18 11-28 28 15-42
(cm/sec)

tvilvil 6.7 6.1-7.4 7.7 6.7-8.4 8.4 7.3-9.1

INPUT

PGA 76 46-95 130 68-166 199 92-303
(cm/sec

PGV 10 6-15 17 10-26 26 14-42
(cm/sec)

mivil 6.6 5.8-7.1 7.5 6.5-8.1 8.2 7.0-9.1

INPUT 3

PGA 2 109 61-134 195 87-256 305 115-421(cm/sec

PGV 12 5-16 22 10-30 34 12-52
(cm/sec)

I'Aml 6.7 5.6-7.2 7.7 6.3-8.2 8.4 6.8-9.2
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Hall Spectra. The figures of SSRS for each site are in four sets representing

200-, 1,000- and 4,000-year return periods and Uniform Hazard Spectrum 

percent damping) for each expert at a 1,000-year return period. The first three

figures each present three curves: the Uniform Hazard Spectrum, and the mean

and 84th percentile Newmark-Hall Spectra, anchored by the peak cceleration

and peak velocity.

Due to its proximity to the apparently complex tectonic zonation of New

England, the experts' opinions about the contribution of each source VGry

broadly. Two major contributors are observed: the Piedmont and the New

England zones, including in particular Cape Ann and Boston-Ottawc.

SENSITIVITY TO INPUT

The introduction of the background" zonation (Input I versus Input 2 increases

the hazard by about IO percent for both PGA and PGV. This variation is

constant for the range of return periods considered. The bckground contributes

between 20 and 35 percent to the load while other sources are reduced

accordingly. The increase in attenuation model uncertainty (Input 3 versus

Input 2 increases the hazard by 50 percent for PGA and 20 to 30 percent for

PGV. Part of the variation is due to the different ground motion models, as well.

Extensive comparison of these variations is presented in the report SHA: Site

Specific Response Spectra Sensitivity Results. The difference in intensity

results reflects these model variations.

SENSITIVITY TO EXPERT OPINION

As in the central United States, the variation in the Uniform Hazard Spectra for

individual experts (Figures 6-4d, 6-Sd and 6-6d) can be explained by identifying

major differences in input from expert to expert. The results from E8 are

consistently low because he specifies very low upper magnitude cutoffs for many

sources. E5 specifies an upper intensity cutoff of MMI = X for all sources, but

since his recurrence slope is fairly steep 0575 0125; MMI) the effect on the
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exposure is not cis dramatic as could be expected. Most of the hazard for this

expert comes from the background since he assigned low credibility to most of

the other seismic sources. Finally E 10 has very gentle recurrence slopes 0.6 

U.2) for several regions: Attica, Northern St. Lawrence, Appalachian Plateau

and Atlantic Coastal Plain. This, in general, noticeably increases the exposure

and gives large weights to those sources.

Source Contribution for PGA

For most experts (E 8 E1 El and El 1) the contribution of the host region varies

between JO and 45 percent. For E3 it is 13 percent due to the small size of the

Northern Pieamont and the proximity of two active sources: Southern St.

Lawrence 42 percent) and South New England 36 percent). For E3 and E 12 t

-varies between 5U and 60 percent. The higher seismicity of E 13 for Northern

Piedmc -it provides 75 percent of the hazard.

The average influence of the remaining sources is distributed as follows: Cape

Ann-Boston-Ottaw ( percent), Adirondack (10 percent), Southern St. Law-

rence (IO to 1.� percent) and Northern St. Lawrence (5 percent).

The notable exceptions are discussed below. Due to the low upper-magnitude of

E6, both Northern ana Southern St. Lawrence zones contribute for 30 percent.

t- lu has the some contribution from Northern St. Lawrence and 10 percent from

the Atlantic Coastal Plain (low b value and high upper magnitude cutoff). For

E I ICape Ann contributes 50 percent. Due to the particular zonation of E5 all

the load comes from his broad eastern source.

Source Contribution for PGV

For PGV, an additional to 20 percent is contributed by the Northern

St. Lawrence source at the expense of the host region. For E 8 this contribution

reaches ob percent. A similar, but low mrked trend is noticed for the Southern

St. Lwrence to IU percent). The typical contribution of the host region
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varies between 10 and 25 percent. For E 3, E71 and E 13 it varies between 50 and

6U percent. For E 8 it becomes negligible and remains 100 percent for EY

The contribution of the other sources remains relatively unchanged.

6.3 CONCLUSIONS

This report hs compared two possible techniques for generating site-specific

spectra. Summarily, the two approaches appear to yield spectral shapes that

Gre, broadly speaking, comparable. This is expected since the Newmark-Hall

Spectrum is bsed on PGA and PGV determined from the UHM. The PGA is such

a provocative parameter, due to its precedent and use as a scale parameter, that

the predictions from this study deserve special comment.

First of Gil, we no'-- that the level of predicted PGA is high in the northeastern

U.S. relative to central U.S. This regional difference results mainly from the

expert panel's greater uncertainty in northeastern U.S. seismotectonics. Recall

that in the UHM, even if the means are equal, a greater uncertainty is translated

into a higher value. A review of the seismotectonic maps provided by the

experts (SHA: Solicitation of Expert Opinion), will graphically illustrate the

differences among experts which demonstrate the greater uncertainty. While it

is obvious from the expert panel that objective data in this area are limited, it is

not obvious that the underlying natural phenomena are inherently this uncertain.

Therefore, additional investigations, which would reduce this uncertainty, should

reduce these PGA predictions.

A second major point is that there is an inherent conservatism contained in a

Uniform Hazard Spectra since real structures nd systems are not single-degree-

of-freedom oscillators. This conservatism must be taken into account in

interpreting the results. The nature of the conservatism, which was described in

detail in the TERA report on methodology development affects not simply the

PGA, but all of the spectral ordinates. Additional analysis into UHS conserva-

tism and more sensitivity studies would permit, if necessary, more specific

conclusions at particular sites.
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A third topic that strongly influences the PGA (cis well as other spectral

ordinates) is the model for dispersion about the mean attenuation predictions.

Sensitivity studies show that this is the most significant generic parameter. We

strongly encourage a detailed investigation into acceleration dispersion with the

objective of refining this model.

Summarily, the significant contribution of this effort is a focusing of the issues

so that future analyses, should any be required, Can be directed at the most

significant parameters and the most crucial sites.
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A.0 COMPARISON WITH OTHER STUDIES

In this section, we compare our results with those of previous studies. The

purpose of the comparison is to identify assumptions in the input and methodol-

ogies that led to differences in results. The following studies have been selected

because (1) they concentrate either on the same site or sites ocated in the same

region as the ones considered in this report and 2 they apply methodologies

whose philosophy is somewhat similar to ours:

0 Pseudo-historical Hazard Analysis of Dresden and Yankee
Rowe

0 Seismic Risk Analysis of Boston (Cornell and Merz, 1975)

0 Seismic Ground Motion at La Crosse (Dames and Moore,
1980)

0 Seismic Investigation for the Spent Fuel Reprocessing
Facility at West Valley, New York (EDAC, 1975)

0 Seismic Criteria for Design, Analysis or Test of the Gas
Centrifuge (Wiggins, 1978).

The pseudo-historical analysis is different from the others in the sense that it is

based on direct statistical analysis of the historical exposure at the site. The

analysis is based on the historical record, with the one additional assumption that

earthquake statistics are stationary in time and space. For a short return period

comparable to the length of the historical record, this approach would be

expected to provide results similar to the more classical hazard methodologies,

however, the vriations are at times large. This problem is addressed in

Section A. .

With the exception of the Wiggins study which did not provide enough informa-

tion to conduct a detailed comparison analysis, the comparisons with the other

three studies were very successful. First when using their input with the TERA

computer code, the same results were obtained. This validates the applicability

of the more sophisticated TERA model. Moreover, in Gil cases examined, the
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differences between their results and those presented in this report could be

explained by the assumptions or input used in these analyses. The differences

are described, ccording to the four areas of analysis, as follows:

• Exposure Model

All analyses basically use the same probabilistic exposure
model, except EDAC which considers G point source
model restricted to the centroid of the hazard governing
source. The EDAC approach has close similarities with
the Appendix A of 10 CFR 100 recommendations. The
effect of this model on the hazard is site dependent. Its
shortcoming is the extreme sensitivity to two single
parameters: distance and largest event.

• Ground Motion Model and Its Uncertainty

Two basic approaches aie presented to determine the
ground motion of a site.

The first approach combines the intensity attenuation law
with the Is PGA relationship to directly obtain a ground
motion model in terms of PGA, distance and epicentral
intensity. The uncertainty is either formally obtained
considering the error term of each of the components of
the model or assessed from direct regressions on acceler-
ation data (TERA, McGuire, Wiggins). These different
assumptions have a major impact on the results.

The second approach considers an intensity-attenuation
relationship to obtain the return period of a given inten-
sity on the site (Is). The attenuation can be treated with
uncertainty (Cornell and Merz) or without uncertainty
(EDAC). The selected site intensity is then converted to
PGA by using a deterministic relation between Is and
PGA. As expected intuitively, this pproach always leads
to lower results.

• Zonation

The zonation can have a considerable effect on the
results, particularly for nearby sources. Since the source
region boundaries cn be determined in a variety of wys,
ranging from purely geological to purely seismological,
there can be substantial controversy and uncertainty
regarding a specific boundary.
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0 Seismicity

The accuracy of the recurrence relationship to the data
and the procedure applied to determine the upper magni-
tude cutoff can significantly affect the results.

A.1 PSEUDO-HISTORICALSEISMICHAZARDANALYSIS

If substantial data existed at eastern United States sites, direct statistical

methods could be applied. For example, a parameter such as PGA could be

treated statistically and a statement could be made as to the frequency of

occurrence of a given acceleration. If complete earthquake records are

available at a site, the entire response spectrum can be analyzed by means of

statistical techniques. In practice, such records are not available because only

recently have a large number of instruments been available and even now these

instruments are in the western United States. However, in the absence of

records, inferred data at the site can be obtained from historical isoseismal

maps. For example, by using ground motion attenuation relationships and

including the uncertainty associated with the ground motion model, the effect of

the site of each historical event can be expressed in probabilistic terms. While

this approach is still strongly dependent upon the attenuation relationship, it

provides a useful perspective on the remaining steps in the seismic hazard model.

By considering all the historical events that have a nonzero probability of having

generated a given load at the site, the mean rate of occurrence of that load can

be determined. We define this approach as pseudo-historical seismic hazard

because it generates the record at the site by means of attenuation laws.

Intuitively this procedure should lead to results lower than the UHM because the

location of earthquakes is fixed by the historical data and the largest event

considered is the largest historical earthquake.

One instance in which it might be overconservative is the case where the return

period of recorded large events is much longer than the historical data base. In

fact, unless corrections are made to the dta to account for this problem, the

procedure assumes that the return period of any event size that has occurred

only once is equal to the time interval spanned by the data base. Even though
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such corrections can be made, the ma-in shortcoming of the procedure resides in

the size of the sample contributing to the statistics: it decreases rapidly cis the

load increases. For short return periods, a large number of earthquakes

contribute to the load and provide robust statistics, whereas at longer return

periods the load is often governed by a single event whose location and

magnitude are critical. Such sensitivity is not present in the UHM, where the

zonation and recurrence relationships provide physical background to the

probabilistic nalysis.

Figures A I nd A-2 present the acceleration return periods obtained by this

method at Dresden and Ynkee Rowe using the Gupta-Nuttli model presented in

Section .0 (with sigma In (GM) = 06 truncated t three sigmas). At Dresden,

one can see how sensitive the results re to the occurrence of the New mdrid

18 11812 events. Once these events re removed from the data, the results

are, as expected on the low side of the UHM range (as they are for Yankee

Howe). Correction of the data for homogeneity in time and upper magnitude

cutoff would bring the results in close greement with the UHM synthesis. The

low bound UHM results being lower than the pseudo-historical nalysis can be

explained by the very low upper-MGgnitude cutoff and the zonation provided by

that expert. The high bound UHM results are the product of seismicity models

and upper-magnitude cutoff higher than the historical seismicity.

A.-/ SEISMIC RISK ANALYSIS OF BOSTON (CORNELL AND MERZ, 1975)

Cornell and merz (C-M) describe a uantitative analysis of the seismic hazard on

rock or "firm-soil" sites in the city of Boston, Massachusetts.

Z0iAA_110N AND SEIStAICITY

The zonation used in the C-M analysis is composed of seven distinct sources and

a host region (Figure A-3). These are broad geometrical sources which reflect

the weak correlation between activity and known geotectonic structure. The

parameters of the recurrence relationship and upper bound intensity for each

zone are given in Table A .
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INTENSITY ATTENUATION MODEL

The C-M analysis used the following intensity attenuation based on isoseismal

maps from several large historical events in the region.

S 0 R< 10 miles

1 3.1 I 1.3 In R R-�- 10 miles

Because intensity values from isoseismal maps include effects due to local soil

condition, and because this study applies to rock sites, the attenuation is reduced

by MMI unit:

Is= 26 I 13 In R

The dispersion in attenuation is introduced by an additive random term

a N (0, a with sigma = 02. This input is referred t GS the "best estirnGte."

A number of sensitivity analyses are performed to obtain a Bayesion weighted

estimate:

• The attenuation is increased or decreased by �2 MMI unit.

• Source 8, closest to the site, is modeled by two additional
zonation alternatives.

• The upper bound in each source is increased or decreased
by V2 MMI unit.

• Finally, MMI X is allowed in the Cape Ann source, while
the best estimate is kept constant for the other sources.

• The weights are subjectively assigned as follows:

Best
Low Estimate High

Attenuation law 0.25 0.50 0.25

Zonation 0.25 0.50 0.25

MMI Upper bounds 0.20 0.30 0.20 0.30
MMI x1l

for Cape Ann
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These sensitivity analyses result in a Bayesian or weighted estimate of the

seismic hazard at Boston. This estimate differs from the best estimate

(presented in Table A-2, Column 1) only for site intensities in excess of V due

to the inclusion of the upper bound alternative associated with the Cape Ann

source.

GROUND MOTION MODEL

In order to estimate the ground motion at the site, the MM site intensity

corresponding to a fixed return period is related to PGA using the Gutenberg-

Richter relation:

log PGA = MMI 1
3 2

with PGA in percent of g.

Similarly to the intensity study, a Bayesian analysis is performed for the peak

ground acceleration. The Gutenberg-Richter value is assigned a weight of

50percent. It is assumed that an acceleration value one level below, or one

level above (about twice), the Gutenberg-Richter value might be expected.

These two alternatives are each assigned probabilities of 25 percent. The PGA

corresponding to the best estimate site intensity are 0.040g and 0.080g for the

1,000 and 10,000 year RP, respectively.

COMPARISON STUDIES

The following comparison analyses are divided in two parts. In the first part the

comparisons are limited to the Intensity at the site. It presents how variations in

the seismic input parameters (C-M vs. E 8), the intensity attenuation law (C-M

vs. Gupta-Nuttli) and uncertainty affect the expected site intensity at Boston.

The second part presents how, using the some input (E 8), broad variations can

result from different ground motion model derivations.
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C-M Data and TERA Risk Model

The C-M zonation (discretized from their map), recurrence relationships, and the

attenuation relationship are used with the TERA model to assess the seismic

hazard at Boston in terms of MM site intensity. The results are given in

Column 2 of Table A-2. Intensities 63 and 68 are ssociated with return

periods of 1,000 and 10,000 years, respectively. These results compare very well

with C-M best estimates of 62 and 70 (Column I in Table A-2). It can be

concluded that the two hazard models are in close agreement when used with

similar data. The minor variation may be due to small differences in the

zonation which was discretized from such a small scale map (Figure A-3).

Expert 8 Data and C-M Attenuation

The C-M zonation is close to that provided by Expert 8, Figure A-4. The

parameters of the recurrence relationships of Expert 8's sources are given in

Table A-3. Performing the hazard analysis with these data and the C-M

intensity attenuation yields the intensity values of Column 3 in Table A-2.

These results are nearly one MMI unit lower than the values obtained with the

C-M data (Column 2 This is explained by the fact that the seismic rates and

upper intensities given by Expert are lower than those defined by Cornell and

Merz.

The zonation can considerably affect the results of a seismic risk analysis. If a

source based on geotectonic considerations encompasses an area where very few

earthquakes have been recorded, it will have a lower activity than a source based

on epicentral locations. As an example, the activity of the northeastern

Massachusetts thrust complex source (E 8) has a much larger area and one-half of

the activity of source 8 (C-M), its upper intensity is also 0.8 MMI unit lower.

Comparison between Gupta-Nuttli and C-M Attenuation Relationships

The Gupta-Nuttli model was presented in Section 5.0. It is compared in

Figure A-5 to the C-M relation. The Gupta-Nuttli relation is about V2 MMI unit
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higher for the range of distances of interest. The seismic risk at Boston was

assessed using these two models. The analysis was performed with Expert 8's

data and an uncertainty value of 1.0 ( = .0). Direct regression on intensity

data typically supports such a value of the intensity scatter. (The results are

given in Columns 4 and of Table A-2.) As expected from Figure A-5, the

results are lower when using the C-M model.

It is also interesting to compare Columns 3 and 4 of Table A-2. These results

were obtained using the sme data (E8 ) and the same attenuation relation (C-M

model), but using different values of uncertainty. The uncertainty a-, = 1.0

gives results more than I unit higher than those obtained with 0- = 020.

Peak Ground Acceleration Studies

The previous analyses were concerned with site intensities. !milar studies can

be performed for peak ground acceleration. The hazard at Boston. in terms of

peak ground acceleration, was assessed by several methods. All these studies

were bsed upon Expert 8's data, as described in Figure A-4 and Table A-3. Only

the components of the strong motion model vary.

0 Method I

First, the site intensity is obtained using the C-M intensity attenuation

results (Column 3 in Table A-2). Then, the peak ground acceleration is

deduced by the Gutenberg-Richter relation. The results are given in

Column I of Tble A-4. This method is identical to the one used in the

Cornell and Merz analysis. The Expert data give smaller MM intensities

than the C-M data, and as a consequence, the resulting peak ground

accelerations are lower than the Cornell and Merz best estimates 0040g

and .08Ug for 1,000 and 10,000 years RP, respectively).

In Methods 2,3, and 4 the hazard is directly determined in terms of peak ground

acceleration by using an ppropriate ground motion model. The approach is

presented in Section 5.0 of this report; it consists of using a model for the
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attenuation of site intensity in the eastern United States and applying an

empirical relationship to convert the site intensity into peak ground accelera-

tion. The resulting ground motion model is expressed in terms of peak ground

acceleration, magnitude and distance.

0 Method 2

The attenuation relation used in Method 2 is presented in Section 5.0. The

site intensity in the Gupta-Nuttli intensity attenuation model is converted

into peak ground acceleration by using the following expression obtained

from western United States data:

In PGA = 0963 - 0128 ML 0626 Is

Where

M L = local magnitude

Is = MM site intensity

PGA in cm/sec2

The local magnitude is transformed to body wave magnitude by the

relation:

mb = 098 ML 0.29

The resulting attenuation relationship becomes:

In PGA = 074 1.122mb 0733 In(r - 000068 r

for r 20 km

This attenuation relationship was used in the hazard analysis model with an

uncertainty sigma (in PGA = 06. The results are given in Column 2 of

Table A-4.
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• Method 3

This method is similar to Method 2 but uses the C-M intensity attenuation

as a base model. The resulting attenuation relationship is:

In PGA = 074 1122 m b 0814 ln(r) f or r > 16 km

The results obtained using this expression and sigma (in PGA = 06 are

given in Column 3 of Table A-4.

• Niethod 4

The site intensity in the C-M intensity attenuation is transformed to peak

ground acceleration using the Gutenberg-Richter relation. This results in:

In PGA 1.380 1536 m b 0.997 In (r) for r > 16km

The results for the same uncertainty are presented in Column 4 of

Table A-4.

The attenuation relations of Methods 2 3 and 4 are plotted in Figure A-6 for

mb 6.5, 5.5 and 45. The differences in these attenuations explain the results

presented in Table A-4:

• Method I produces the lowest results because it does not
consider the uncertainty in the I PGA relationship.

• methods 2 and 3 only differ by the intensity attenuation.
The Gupta-Nuttli relation is Vz unit higher than the C-M
relation, and as a consequence, Method 2 gives higher
results than Method 3.

• Methods 3 nd 4 only differ by the I PGA relationship.
Method 4 yields lower results than MeAod 3 as the Guten-
berg-Richter relation produces lower PGA than the TERA
relation for the some Is .

• The use of both a different intensity attenuation and Is 
PGA relationship considerably affects the hazard assess-
ment. The results produced by Method 2 are twice those
of Method 4.
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0 Method 2 was also applied with a reduced uncertainty
(sigma OnPGA = 020)). The results are given in Column 
of Table A-4. Comparison with Column 2 shows that the
PGA is reduced by 50 percent.
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A.3 SEISMIC GROUND MOTION AT LA CROSSE (DAMES AND MOORE, 1980)

In this study, Domes and Moore (D&M) presents a probabilistic assessment of the

seismic ground motion hzard at La Crosse, to be used in -determining the

likelihood of seismically-induced soil liquefaction at the facility. This leads

D&M to consider only the occurrence of earthquakes with m b z 46 based on the

assumption that events with ML less than do not cause soil liquefaction due to

the short duration of strong shaking.

ZONATION AND SEISMICITY

Two seismic zonations are presented in this analysis: one considers the Central

Stable Region only and the other introduces an additional source modeling the

Wisconsin Arch, Figure A-7. This source is similar to the northern Illinois source

suggested by Experts 7 and 9 see Figure A-8.

The recurrence parameters re presented in Table A-5 (Columns 1 4 and 5).

The number of events for the Central Stable Region is computed for the rea

used in the TERA nalysis. Two of the three ground motion models which Dames

and Moore (D&M) presents are of interest for the purpose of comparison, namely,

the Ossippee and the Gupta-Nuttli models, both described in Section 5.0. The

uncertainty is modeled by a nontrunCGted log-norMG1 distribution with value of

sigma (in PGA = 06. Because these models are the some as the ones used in our

analysis, the comparison concentrates on the seismic input prameters.

COMPARISON STUDIES

The input of Expert 9 is used as a comparison. The original input is presented in

Table A-5 (Columns 3 nd 6 The upper magnitude cutoff is larger than D&M by

about V2 magnitude unit for both regions. The equivalent number of events

greater than magnitude 46 (Column 2 is about twice GS large for the some area

of the Central Stable Region. This may be due to the difference in the size of

the Central Stable Region for selecting the historical data or to a different fit to

trie dta. Some variations are present in the source geometry. For example,
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boundaries of the Wisconsin Arch Zone (D&M) are not exactly the same as the

northern Illinois Zone (E9 ), particularly the northern boundary close to the site;

this my introduce some variations in the results. Similarly, the size of the

Central Stable Region may have a small effect as well. The D&M analysis

mentions that the contribution of sources outside the Wisconsin Arch and the

Central Stable Region is negligible. This is a function of the parameters used for

those sources, particularly the New Madrid Zone. In our analysis for the

Gupta-Nuttli attenuation, the New Madrid region (E 9 input) hs a noticeable

effect 30 percent contribution).

Sensitivity to these parameters for the 1,000- and 10,000-year return periods is

presented in Table A-6. The D&M results are shown in Column 1. Our results

using the D&M input without the New Madrid Zone (Column 2 are in complete

agreement for the Gupta-Nuttli attei uation and fairly close for the Ossippee

attenuation. When we introduce the New Madrid Zone Column 3 the Ossippee

results remain unchanged, while the Gupta-Nuttli results increase in our model

by about 25 percent.

In the next three sensitivity studies (Table A-6, columns 4 through 6 we

introduce, one at a time, the parameters provided by expert 9 to determine their

effect on the results cis compared to the D & M input. We first use the a value

from E 9 (mb � 46) and the D & M upper magnitude cutoff (column 4 the results

are 15 percent higher than with the D & M a value (column 3 The introduction

of E9 upper magnitude cutoff (Column versus column 4 leads to an additional

10 percent increase. Finally, the inclusion of events between mb 40 and 46

(column 6 versus column 5) has little effect on the results.

In summary, while the overall vriation between D&M and TERA is not drastic,

it can be explained by a succession of assumptions made at the level of the a

value, consideration of smaller events, and the upper magnitude cutoff. We

believe that, recognizing those variations, the two studies are in very close

agreement.
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TABLE A-6

PGA (g) AT LA CROSSE FOR
1000 AND I0,W0 YEAR RETURN PERIOD

D & M
Analysis TERA Analysis

Ground Motion D&M Central Central Stable Region Central Stable Region
Model Stable Region without New Madrid and New Madrid

D&M a value D&M value D&M a vlue E a value E a value Eq a value
D&M M D&M M D&M M &M E 9 M E Mu u u u 9 u 9 u

RP I RP2 RP I RP2 RPI RP2 RP I RP2 RP I RP 2 RP I RP 2

Ossippee 0.051 013 0.061 0. 15 0.061 0.081 0.18 0.085 020 0.085 0.20

Gupto-Nuttli 0.050 0.11 0.052 012 0.065 014 0.075 0. 15 0.076 0.17 0.079 0.17

D&M Central
Stable Region New Madrid Central Stable Region and Northern Illinois (E9)

and Excluded and New Madrid
Wisconsin Arch

D&M a value D&M a value D&M a value E a value E a value E a value*
D&M M D&M Mu D&M Mu EV, M u �-9 M u 9 E9 Mu

RP I RP 2 RP I RP 2 RP I RP 2 RP I RP 2 RP I RP 2 RP I RP 2

Ossippee 0.050 0. 11 0.058 0 12 0.058 0. 12 0.068 0. 14 0.084 0. 17 0.085 0 17

Gupio-t-Juttli 0.048 0096 0.049 0096 0.062 012 0.(66 013 0.074 0.15 0.075 0. 15

Considering rT'b r 40 and greater

RP I I0U0 year return perind

RP2 1(,O(( year return period
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A.4 SEISMIC INVESTIGATIONS FOR THE SPENT FUEL REPROCESSING
FACILITY AT WEST VALLEY, NEW YORK (EDAC, 1975)

In this report, EDAC presents the results of its nalysis of the intensity of past

and future seismic ctivity and ssociated ground cceleration at the site of the

Spent Fuel Reprocessing Plant at West Valley, New York.

ZONATION AND SEISMICITY

The source reas used by EDAC are presented in Figure A-9. The most

important of the five sources is the Buffalo-Attica Zone (Source 1) which is

controlled by an inferred westward-trending structure long with the Clarendon-

Linden structure. The EDAC zonation does not include a host region for the site.

Bilinear recurrence relationships are developed for each source. see Figure A 10.

These recurrence relationships are not conservative because they were obtained

by fitting straight lines through the whole dta, rather than through the

cumulative number of events. The largest event associated with a source is

assumed to be equal to the largest historical event.

GROUND MOTION MODEL AND STATISTICAL STUDY

The attenuation relationship is based upon a study by Howell and Schultz 1975):

1 1 0.6 e0.00075 r r-0 14 for r < 200 km
s 0

InI = In I (19.9 - In 6 r/618) for r > 200 km

where r = epicentral distance in km

These equations are plotted in Figure A I There is no mention of a random

.term associated with them. These attenuation equations are applied to each of

the recurrence plots. This results in the probability that a certain site intensity

will be exceeded due to a given source. For ech source, this probability is
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plotted versus site intensity (Figure A12), and it is apparent that all but

Source I become unimportant. As a consequence, the hazard at the site is

assessed from Figure A 13, which relates the return period to site intensity due

to the activity of Source I only. The largest site intensity is obtained by

attenuating the largest observed intensity from the center of gravity of

Source 1. This largest event ws the 1929 Attica earthquake. EDAC considered

the epicentral intensity of this event to be VI h corresponding to a site intensity

of 64. Due to this methodology, this site intensity is valid for any return period

greater than or equal to 135 years, which corresponds to the length of the

historical record for the Attica source.

In a final step, the site intensity is related to peak ground acceleration by using

the mean of the Gutenberg-Richter relation. A site intensity of 64 gives an

acceleration of 0042 g, hence for any return period greater than or equal to 35

years, the PGA of the site is 0.042g.

It should be noted that the results obtained by the EDAC methodology can be

significantly affected by:

0 The shape of the source areas (which change the signifi-
cant distance used in the attenuation relations).

9 The choice of the upper intensity. There is uncertainty
concerning the intensity of historical events. As n
example, the Attica event is given an MMI of VI.1/2 by
EDAC, but an MMI of Vill by Hadley and Devine. Fur-
thermore, the largest historical event is not necessarily
the largest event which can occur. The experts gave a
best estimate of Vll for the largest event to occur at
Attica, but an upper bound value of about X.

0 The length of the historical record (which affects the
return period of the largest site intensity).

0 The introduction of uncertainty in the attenuation low and
the Gutenberg-Richter relationship.
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COMPARISON STUDIES

The input of Expert 3 presented in Figure A 14, was used to assess the risk at

the West Valley site as his sources broadly corresponds to EDAC's. The

parameters of the recurrence relationship and upper bound for each significant

zone are given in Table A-7. The Gupta-Nuttli ground motion model described in

Section 5.0 of this report was used in the nalysis. This study led to a peak

ground acceleration of 0.055g for a 200-year return period and of 0.091g for a

1,000-year return period.

The PGA obtained for a 200-year return period is about 30 percent higher than

the value given by EDAC for a return period of 135 to 250 years (0.642g). The

reasons explaining this difference are as follows:

• The intensity attenuation proposed by EDAC is about
1/2 MMI unit higher than the Gupta-Nuttli attenuation
(Figure A I , but when combined with the Gutenberg-
Richter relation it yields similar or lower PGA values
than the Gupta-Nuttli model, see FigureA-15. The
EDAC attenuation falls below the Gupta-Nuttli attenu-
ation for m < 5- These magnitudes are the essential
contributionPto the load at West Valley.

• The upper intensity chosen by EDAC for the Attica source
(MMI = 75) is Y2 unit lower than the upper intensity re-
commended by Expert 3.

• The EDAC attenuation and model are such that the Attica
zone is the only seismic source. In the case of Expert 3
zonation and of the TERA model there are other sources
contributing to the load at West Valley. The Attica
source contribution for 55 percent, while the Boston and
Appalachian zones contribute for and 27 percent, res-
pectively. Furthermore the host zone (central back-
ground) contributes for 13 percent of the load. The EDAC
analysis does not include a host zone.

• The EDAC analysis does not consider any uncertainty in
the intensity ttenuation. Furthermore, no uncertainty is
incorporated in the transfer relationship between site
intensities and peak ground accelerations.
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TABLE A-7

SOURCE PARAMETERS (EXPERT 3)

EVENTS IN 175 YEARS
SOURCE WITH MMI ? 425 SLOPE UPPER INTENSITY

North St. Lawrence 190 0.57 x

Boston-Ottawa 300 0.57 x

Attica 35 0.57 Vil

Appalachian 60 0.57 Vill

Central Background 13 0.57 Vil
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These points, nd especially the last one, explain why the TERA result for a

200-year return period is higher than the value given by EDAC. The TERA

analysis also gives peak ground accelerations which increase with return period

(0.09lg for 1,000 years). It is inherent to the EDAC methodology that IOGds do

not increase with the return period.

A.5 SEISMIC CRITERIA FOR DESIGN, ANALYSIS OR TEST OF THE GAS
CENTRIFUGE (Wiggins, 1978)

In this report, Wiggins' company presents, among other information, hazard

analysis at two sites: Oak Ridge and Portsmouth. The methodology nd input

will be compared with the analysis TERA performed for Oak Ridge National

Laboratory (ORNL) in a different study.

iviETHODOLOGY AND INPUT

Two risk levels are considered by Wiggins in defining the hazard at each site.

The first is designated as "maximum" and is defined as the 10 percent probability

of exceedance in 50 years (475-year return period); the second is designated as

"design" and is defined as the 50 percent probability of exceedance in 50 years

(72-year return period). The two seismic sources used are the Appalachian and

the Nw Madrid Zones.

The parameter a of the recurrence relationship does not lend itself to compari-

son since equivalent seismic source prameters are used. Wiggins pplies the

concept of effective hypocentral distance nd return magnitude. These quan-

tities can be understood as the expected vlue of distance and magnitude

generating the hazard at the site for a fixed return period. They are obtained by

integrating the distance and mgnitude distributions over the seismic sources.

The recurrence slope is 09 for both sources.

It appears that no upper magnitude cutoff is being used except in the case of the

11maximurn" ecirthquake'magnitude determined for the New Madrid Zone, where

an upper limit of M = 78 has been ssumed to be the maximum credible event.
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The two ground motion models used are applicable for average soil. The first

one models body-wave motion (Wiggins, 1975):

In PGA = 589 M - 756 In (r)

with PGA in g and r in km

The other models surface-wave motion (Nuttli, 1973) and is only presented

graphically.

The uncertainty is modeled by a lognormal distribution with sigma (In PGA)

= 0.51 1. These curves are plotted, together with the Gupta-Nuttli attenuation,

in Figure A 6 At the 72-year return period, the accelerations at Oak Ridge,

generated by the Appalachian Zone, are 0 I g nd 0. I g f rom body nd

surface-waves, respectively. The surface wave acceleration generated by the

New Madrid Zone is 00046 g. At the 475-year return periods, these values are

0.25 g, 0.08 g and 0.0 1 5 g, respectively (Table A-9).

COMPARISON STUDIES

TERA's zonation is presented in Figure A17. It is obtained from a synthesis of

the experts' maps. The South Appalachian source is treated as two zones, which

is justified by the different rates of historical activity in the northern and

southern parts of this source. An lternate hypothesis considers the whole South

Appalachian source as one zone. The recurrence parameters, also obtained from

a synthesis of the experts' answers to the questionnaire, are given in Table A-8.

The ground motion is modeled by the Gupta-Nuttli attenuation relationship

presented in Section 5.0. The uncertainty (sigma (in PGA)) varies among values

Detween 0.55 and 075.

The hypotheses regarding the zonation, the a value of the recurrence relationship

and the attenuation uncertainty, resulted in twelve analyses. The BGyesian

estimate of the results is 0. 9 g and 030 g for the 1000- and 4000-year return

period, respectively. The contribution of the New Madrid Region to the hazard

is about IO percent.
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TABLE A-8

SOURCE PARAMETERS
FOR OAK RIDGE (TERA)

Events Slope Upper Cutoff
in 175 years with

Source MMI 425 MMI m b MMI Mb

Inner New Madrid 190 .45 .90 11.5 7.5

Outer New Madrid 130 .45 .90 10.5 7.0

South Appalachian
(Northern Section) 90-120 .45 .90 8.5-10. 60-7.0

South Appalachian
(Southern Section) 35-46 .45 .90 8.5-10.5 60-7.0

West Charleston 33 .45 .90 9.5 6.5

East Charleston 50 .45 .90 11.0 7.25

Converted using MMI 2 mb 35
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TABLE A-9

PEAK GROUND ACCELERATION COMPARISONS (g)

Wiaoins Study TERA Study

Surface Wve Contribution
Return Period Body Wave

(years) Contribution Total New Madrid

72 0.10 0.01 0.005

475 0.25 0.08 0.015

1 OU 0.19

40OU 0.30
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The large variations between the TERA and the Wiggins results may be due to a

difference in a values that could not be checked or by the lack of upper-

magnitude cutoff in the Appalachian Zone. In the Wiggins study, the equivalent

Richter magnitudes for this zone are 65 and 74 for the 72- and 475-year return

periods, respectively.

A.6 CONCLUSIONS

With the exception of the Wiggin's study, which did not provide enough informa-

tion to conduct a detailed comparison analysis, the comparisons with the other

studies were very sccessful. First, when using their input with the TERA

computer code, the same results were obtained. Moreover, the differences

between their results and those presented in this report could be explained by the

assumptions or input used in these analysis. A summary of these variations is

given in the introduction to this appendix.
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APPENDIX D

ASSESSMENT OF CHANGES IN THE OSSIPPEE ATTENUATION MODEL

As rioted in paragraph 34, we did not learn until May, 1980 that Eq.

(3-11) was the result of a regression analysis taking distances as the

independent variable. For each intensity the average R was found. Then the

average R was used as the independent variable to get Eq. 31). This

procedure is referred to as Procedure 3 in the rest of this Appendix.

Appendix D-1 gives the text of the letter from Weston Geophysical Corporation

(WGC) documenting their revised regression analysis of the Ossippee data.

Appendix D-2 contains TERA's re-analysis of WGS's data. Appendix D-3 contains

our assessment of the implication of the revised attenuation equation.

Finally Appendix D-4 contains a few sensitivity studies using the new model.
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BERKELEY DALLAS BETHESDA - WASHINGTON NEW YORK - DEL MAR - BATON ROUGE

May 22, 1980

Lawrence Livermore Laboratory
Attn: Mr. D. L. Bernreuter L90
P. 0. Box 808
Livermore, CA 94550

Dear Don:

Following up on our discussions on May 15, 1980, we are providing herein
our preliminary assessment of the Weston Geophysical Corporation (WGC)
data from the Ossippee Earthquakes of 20 and 24 December, 1940. This data
was received by us on May 12, 1980, along with the WGC interpretation and
analysis.

We have performed several analyses on their data as summarized below:

1) We first checked the WGC analysis by independently
regressing on the data according to their Procedure 2.
We calculated essentially identical coefficients as
reported by them, thus validating their regression.

2) The next component of the analysis addressed the NF
data. This was derived from the data that was obtained
from the questionnaire. This questionnaire was distri-
buted through the area just after the earthquakes and the
NF responses corresponded to individuals reporting that
they didn't feel the earthquake. We are concerned that:

a. The number of NF data was arbitrarily
determined from the extent of the
questionnaire.

b. The MMI scale incorporates a "not felt"
report as MMI I.

In consideration of these points, we performed sensitivity
analyses with and without the NF data.

Tk 
TERA CORPORATION

2150 SHATTUCK AVENUE BERKELEY, CALIFORNIA 94704 415-845-5200
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Mr. D. L. Bernreuter -2- May 22, 1980

3) Any intensity data, including that available from the Ossippee
earthquake, is heavily biased toward the lower intensity, and
any interpretation of such data, whether "eye-ball" or quanti-
tative could be influenced by the preponderance of this far
field, often low quality, data. In consideration of this, we
have performed a regression with the data equally weighted in
the distance bands 040), 40-100), 100-200), 200-2000)
kilometers.

Figure 1. presents certain of our results compared against the WGC results
for their Procedures I and 3 (Attachment A). Our conclusion is that the
biases introduced into the regression by either the NF data or the non-uni-
form density of data with distances are not significant. There is, of
course, a notable difference between the models beyond 250 kilometers, but
this is a result of unjustified model extrapolations beyond the data and
therefore, for purposes of this comparison, these differences can be
neglected.

Very truly yours,

Lawrence H. Wight
Vice President

LHW/hlj
Attachment

cc: Dr. Leon Reiter, USNRC

TL�'?,� COPPOPATION
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Figure 
Letter to Bernreuter
May 22, 1980
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Letter to D. L. Bernreuter
May 22, 1980

The Ossippee, N.H. earthquakes of December 20, 24, 1940
are cataloged as having maximum Modified Mercalli Intensities
of VII. Due to the occurrence of 2 similar size shocks within
the narrow time frame of four days, the public's response to
U.S. Coast and Geodetic Survey and the Northeast Seismological
Association questionnaires, contained descriptions of the
combined effects of both events. Ground Motion effects were
not easily associated with any one of the shocks. For this
reason, all acquired felt reports, for both events were
combined into one data base. The U.S. Department of Commerce
publication, "United States Earthquakes, 1940,11 contains a
listing of the intensities interpreted for numerous localities
throughout the Northeast, excluding Canada, for the pair of
earthquakes. The intensity information in this listing was
compared to the original questionnaire descriptions of the
felt reports. No reevaluation of intensity, from those
listed in USE, 1940, was deemed necessary.

The data base for the attenuation study, includes the
information in the USE, 1940 list. Coordinates of the
localities for the individual felt reports were determined,
and distances computed from the cataloged epicenter coordinate.
Regression analysis on intensity as the dependent variable,
was performed to determine the attenuation model in the
standard form:

Isite �_C0 + 1A 2 logl0A

Two models were computed due to the manner in which the
lower intensity data were presented. The localities reporting
intensities lower than IV were grouped into an undifferentiated
category of MMI=I-III. These localities were assumed to have
an average intensity of II in one regression analysis and were
assumed to have the maximum intensity of III in the other
regression analysis.

REGRESSION MODELS FOR ATTENUATION

PROCEDURE MMI I-III -* MMI II

The data points and the regression model for this pro-
cedure are shown in Figure .

Regression Results:

Intercept: C0 0.7441293 E01

Regression
Coefficients: C1 -0.4010946 E02

C2 -0.1534778 E01

Weston Geophysical
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Standard Deviation
of Regression
Coefficients: C1 0.6140185 E03

C2 0.3330754 E00

Multiple Correlation
Coefficient: 0.7483367 E00

Standard Error
of Estimate: 0.1213055 E01

Final Model:

I " 7.441 - .0040A 1.535 logl0A Eq. I
site -�

Plotted against the above model in Figure is the
model developed on 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 odel for this procedure
are shown in Figure 2.

Regression Results:

Intercept C0 0.6693773 E01

Regression
Coefficients: C1 -0.4888499 E02

C2 -0.9829572 E00

Standard Deviation
of Regression
Coefficients: C1 0.5589552 E02

C2 0.3032062 E00

Multiple Correlation
Coefficient: 0,7736629 E00

Weston Geophysical
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Standard Error
of Estimate: 0.1104272 E01

Final Model:

site 6.694 - 0049 - 0983 logOA

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 and 2 are preferred for determining the best
estimate of Intensity at a given distance for the
Ossippee N.H. earthquakes.

Weston Geophysical
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DATA FORMAT

Ossippee Earthquakes, December 20, 24 Felt Reports

Card 

Col. Parameter Format

1-8 Epicenter Latitude FBA

9-16 Epicenter Longitude F8.4

17-20 blank 4x

21-80 Earthquake Name, Date 6A10

Cards 2-*N

Col. Parameter Format

1-2 Modified Mercalli Int. I2

3 blank

4-5 Degree part of Latitude(N)
of Felt Report F2.0

6-9 Minute Part of Latitude F4.1

10 blank lx-

11-12 Degree part of Longitude(W)
of Felt Report F2.0

13-16 Minute Part of Longitude F4.1

17-19 blank 3x

20-59 Locality of Felt Report 4A10

Weston Geophysical
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DATA FORMAT

Ossippee Earthquakes, December 20, 24 Felt Reports

Card 

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

Cards 2N

Col. Parameter Format

1-2 Modified Mercalli Int. I2

3 blank

4-5 Degree part of Latitude(N)
of Felt Report F2.0

6-9 Minute Part of Latitude F4.1

10 blank lx

11-12 Degree part of Longitude(W)
of Felt Report F2.0

13-16 Minute Part of Longitude F4.1

17-19 blank 3x

20-59 Locality of Felt Report 4A10

Weston Geophysicol
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LAWRENCE UVERMORE LABORATORY

EG- 80 -2 5 May 23, 1980

Dr. Leon Reiter
Geosciences Branch
Division of Site Safety and

Environmental Analysis
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Dear Leon:

There are several points I wish to address in this letter:

I. Implications of Weston Geophysical letter of May 9 1980 egarding
the regression model used for the Ossippee earthquake.

II. TERA's letter, L. Wight to D. Bernreuter, egarding the egression
models for te Ossippee earthquake and their implications on our
results.

First I'll give my view relative to I. Then I'll comment on II. Clearly
there is a significant difference between the original regression results
supplied by Weston and teir more recent results. If we ignore all other
considerations then the new regression models for Ossippee are better than the
version we used. The key question is should we then adopt the new model and
concede that our estimates for New England contained in both our draft reports
and sensitivity studies are in significant error--or are there reasons to
argue that our previous results should stand and not be significantly altered
by the change in the regression model for Ossippee? I feel that our results
(possibly slightly modified to deal with the new results for Ossippee) should
stand. There are several reasons for this. Firstly, as you recall, I was
never in favor of using Ossippee because I felt that the results should not be
tied to a single earthquake. The problem with a single earthquake is that you
must somehow convince yourself that it is truly an average earthquake for the
region in all respects. This might not be too hard to do if we felt that all
earthquakes of a given magnitude resulted in the same gund motion--however,
we know that we can expect, as a rule, significant variations between
earthquakes of the same magnitude. Our problem is compounded by the fact that
our measure of ground motion is site intensity reports. Site intensity is
significantly influenced not only by ground motion levels but also by site
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EG-80-25 - 2 - May 23, 1980

soil conditions, structural type and degree of repair, number of structures
and topography. If site intensity and gound motion were reasonably well
correlated then we might still be .K., however, they are very poorly
correlated.

Putting aside for the moment the above problems, it is of some interest to ask
if the Ossippee earthquake would serve as a model for the average New England
earthquake. I've looked at this question and I feel a case can be made for
both points of view. All of the steps are highly subjective, hence, depending
on how certain data are viewed, you can get either result. Instead of trying
to directly show that the Ossippee earthquake is a good model it is useful to
examine:

(1) How we handled our ground motion model in the central U.S.

(2) What the implications of using the new Ossippee model relative to
ground moticn from earthquakes in New England is compared to other
re gi ons .

We considered several ground motion models for the entral U.S.:

(1) Model based on attenuation of intensity based on the 1968 Central
Illinois earthquake.

(2) Model based on attenuation of intensity developed by Gupta and Nuttli.

(3) Model based on attenuation of intensity based on the Ossippee
earthquake.

(4) Model developed by Nuttli and Herrmann.

(5) Nuttli's theoretical model.

For the central Illinois earthquake we correctly regressed I as a function
distance; however, we used the original regression supplied by Weston for the
Ossippee earthquake. To complete our ground motion model for models 13 we
considered

In(GM) = f(rIs) (a)

obtained from regression of the "raw" CIT data set (unweighted)

In(GM) = fKIs) (b)

obtained from a modified CIT data set (using a weighted by earthquake
regression). The Ground Moticn Panel seemed to prefer model (b) to (a).
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EG- 80 -25 - 3 - May 23, 1980

One very important point to note is that model (a) combined with (1) 2 and
(3) combined with model (b); and 4 and (5) all gave very similar results for
PGA and the high ( 2Hz) frequency part of the uniform hazard spectrum. We
took great comfort in this fact and made our final selections on this. We
rejected using model (b) with the 1968 earthquake because we felt, compared to
the other ground moticn models, it resulted in a model that was too low in the
near ield and much too high in the far field.

In view of all of the results, I recommended at our meeting of April 9 that we
should go with either the Gupta-Nuttli model or the Nuttli Theoretical model.
I liked the Nuttli theoretical model concept but I felt that his velocity
model needed some revision. In view of the problems with the Nuttli
theoretical model it seems like the Gupta-Nuttli model was the best basis for
the preliminary decisions that had to be made. I also agreed that the
Ossippee model's results were also acceptable and could be defended. I felt
(and still feel) that the model we used in our draft reports 1968 earthquake
combined with model (a)) is a good model for PGA and the high fequency part
of the spectrum. The PGV model did need to be mproved upon as the resultant
velocities seem much too high to be correct.

Why select the Gupta-Nuttli model? It is a model based on considerable
judgment, smoothing and seems to fit a number of earthquakes reasonably well.
Thus, the model is not tied to any one earthquake but is an "average" model.
In spirit, the model was developed by averaging over r for each intensity to
get an r f or each I level. This was done f or the 1968 Southern Illinois
earthquake and for the 1811-12 New Madrid earthquakes. A formal average r was
not computed but one based on smoothed isoseismals, however, such an approach
is similar to finding �. To correct for the fact that formally we would like
for each r the averag�__I we subtracted 112 intensity unit from the
Gupta-Nuttli equation. We justified the use of this model because it gave
results which were very similar to those obtined from the other models
discussed above.

In view of the above our use of the Ossippee earthquake is consistent. The
model supplied initially by Weston was in fact to find an average r for each
I. Then I = f(F) by formal regression. To be formally consistent with what
we did for Gupta-Nuttli we should subtract 12 intensity unit. However, as
Gupta-Nuttli was not so formally developed and was, in fact, based on more
than one earthquake it is not clear that we should in fact subtract 12 unit
from the Ossippee model - at least in the near-field. The reason I say this
is that because we are going from Is to ground moticn we know that for
distances less than 30-50 km such an approach gives results that are too low
while at distance greater than 100 km such an approach gives results that are
too high. Thus, in the near-field I do not feel that the gound motion
relation that we use for New England should drop below the one we used in the
central U.S.
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EG-80-25 4 May 23, 1980

What are the implications of using the new Ossippee regression results? If we
compare the new Ossippee model, say model given in Weston's letter, and the
model we used we find that

anew
R aold

10 0.5
50 0.4
100 0.5
300 0.9
1000 15

Thus, out to over 100 km, the new model is a factor of two smaller. This
would imply that in New England that the ground motion from an mb ',- 5
earthquake is much less than in the Central or Western U.S. -- and in fact,
anywhere else in he world. This is, of course, possible if all the New
England earthquakes involve much larger rupture zones and lower stress drops
than elsewhere. There is no evidence that such is the case. We do have some
evidence that the attenuation is a bit higher in New England than in the
Central U.S., e.g., Gupta-Nuttli used = per degree for the coefficient
of anelastic attenuation where as Street suggests a values of y = .11 for New
England. These differences are small and only have influence in the
far-field. We should note here that we liked our Central U.S. models because:
(i) in the near-field (r < 20 km) they give the same ground motion for the
same mb as in the West a (ii) at around 100 to 130 km they compared well
with the little available Central U.S. data. Its clear that the new Ossippee
ground motian model fails to meet these two important tests. There are at
least three possible explanations for this: (i) because PGA Scales as
exp(1-1mb) a factor of 2 corresponds to a mb of about 06 units. This
would suggest that the mb Of the Ossippee might be nearer 5.0 than the 54
to 5.5 of the 1968 earthquake. By this I mean the Gupta-Nuttli relation is
based on the 1968 central Illinois earthquake as the model for Io " 7 and
mb -, 54. The mb for Ossippee is typically given as 5.5; however, the
estimates Of mb for Ossippee are based on very limited data, hence, it is
possible that it is actually too small of an earthquake to use an average
model; (ii) because of site conditions, types of structure involved, number of
structures, etc., the intensity levels from the Ossippee event may be low
compared to the ground moticn calibration earthquake used in the Central U.S.;
or (iii) the Ossippee event might be one with a below average stress drop,
hence, have lower than average ground motian for its size. Clearly a number
of other complex reasons could be also put forth.

The net result of the above is that I recommend that our preliminary results
should stand as they are, but we should address in our discussions the fact

D-16



EG-80-25 - - May 23, 1980

that we treated Ossippee as we did and that for the reasons discussed above it
is consistent and the best approach. Thus, we should avoid using a single
earthquake or single model for our final results. For our initial decisions,
such refinement is not called for and some reasonable selection among te
available data can be used with the understanding that it is used not so much
on its own merits as being the best model, but because it is the most complete
(at this time) set of calculations and because it is in close agreement with
all of the other models.

The letter, attachment 1, from L. Wight, dated May 22, 1980 addresses TERA's
regressions on te data finally supplied by Weston. TERA examined several
ways of handling the regressions and the methods used by Weston to incorporate
the not felt reports. TERA concluded that for R < 250 km there is very little
difference between the different approaches investigated and that for R > 250
km there are considerable differences depending how the not felt (NF) reports
are incorporated into the model.

TERA is now in the process of running the hazard analysis for several
New England sites using the new Ossippee model. Because new model results in
accelerations which are a factor of two lower out to about 200 km than used in
our previous studies we can expect a significant reduction in peak
acceleration as a function of return period. The uniform hazard spectrum
should also be reduced a similar amount for periods shorter than 04 sec. It
is a little more difficult to assess the final impact on the spectrum because
at lnger periods large magnitude earthquakes from greater distances become
more significant. For example, our model for PGA is

Ina = . 1 -0. 1 5M + 0. 63 Is

and for the 2 sec spectral acceleration for 5% damping

InSa = 3.2 + 0.6M + 0.45IS

It is seen from the above equations that the magnitude of the earthquake makes
a more significant contribution to the level of the lnger periods of the
response spectrum. My speculation is that for periods shorter than 04 sec
the use of the new Ossippee model will reduce the spectrum levels by a factor
of 2 for the same return period over the old model and for longer periods the
spectra levels will be closer to the old model's results. However, for
reasons discussed above I feel that the new Ossippee model is incorrect and
therefore we do not need to make extensive-sensitivity studies using the new
model.

The one main weakness of our analysis is the fact that we have not adequately
treated systematic error. Our ground moticn model is an excellent example of
how systematic error enters the problems One example is that the use of
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intensity to go to ground motion introduces a systematic error in that the
near field is too low and the far field is too large. Another example could
be (as discussed earlier) that earthquakes in New England are on the average
systematically different (e.g. either higher or lower stress drops and smaller
or larger rupture areas) than the western U.S. Thus the use of the new
Ossippee model would represent the case of lower than average PGA in
New England than elsewhere. It seems to me that we would also have to balance
this off with a model that gave higher tan average PGA. These results would
have to be combined with some judgement as to which was more likely. This
whole question requires a careful analysis after the feedback loop and is a
point we need to cover in the feedback loop in order to refine our analysis
and remove this criticism.

I hope I have made my views reasonably clear--because of time constraints this
letter must be considered as a draft letter, therefore, please let me know
what topics need additional discussion and or backup support.

Sincerely,

D. L. Bernreuter, Leader
Engineering Geosciences Group

DLB/sa
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BERKELEY DALLAS BTHESDA WASHINGTON NEW YORK DEL MAP BATON ROUGE

May 29, 1980

Lawrence Livermore Laboratory
Attn: D. L. Bernreuter L90
P. 0. Box 808
Livermore, CA 94550

Dear Don:

Per your request of May 15, 1980, we are herein providing results of
our seismic hazard analyses for certain revised Ossippee attenuation
models. We have performed the analyses at the eastern sites with the
following input:

0 lognormal dispersion = 09, truncated at y

0 no background

0 expert 3 (to approximate synthesis)

0 Ossippee attenuation

- WGC Procedure 3 with 0.5 MMI subtracted
- WGC Procedure 

We select the modified WGC Procedure 3 to be consistent with our treatment
of the Gupta-Nuttli relation, and we select the WGC Procedure on the
basis of the regression analyses rported upon in our letter of May 22, 1980.

We summarize the PGA and PGV results of this analysis in Table 1. As we
had anticipated, the use of WGC Procedure I results in loads that are
roughly one-half the original loads. Modifying the original relation to
be consistent with the Gupta-Nuttli relation results in loads that are
reduced by roughly 25%. We are currently analyzing the Ossippee regressions
relative to other available regressions in an attempt to determine a phys-
ical explanation for these differences.

Very truly yours,

Lawrence H. Wight
Vice President

LHW/hlj
Enclosure

cc: Dr. Leon Reiter
Mr. Howard Levin TO

IERA CORPORATION
2150 SHATTUCK AVENUE BERKELEY, CALIFORNIA 94704 415-845-5200
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Enclosure
Letter to D. L. Bernreuter
May 29, 1980

TABLE I

1000 Year PGA (cm/s 2

- W0 (j 0
S.- VI (D CD S.-

C COSite

Ginna 151 ill 73

Millstone 175 134 85

Oyster Creek 157 116 77

1000 Year PGV (cm/s)

Oyster Creek 17 13 10
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APPENDIX E

USING OF SET AND SET 2

The columns labeled REVISED show the changes to Data Set used in Data Set 2

for the different regressions.
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-- REVISED--
IN 0 M A G G E 0 INT D I MAG D I 

0 G IL 6 7 0 8 .0 9 3 6. 5 6. 0
11 0.32 V 7 7 0 7. 0 126. 0 7 2

3 A004 7 7 0 7. 0 43. 0 7 2
4 7.7 0 7.0 89.5 7.2
5 A 0�1 7.7 0 7.0 119.5 7 2
6 v%# 7.7 0 7.0 119.5 7.2

AO^-7 %17 6.5 0 7.0 40.4
a A021.1 6.8 0 6.0 125.9
9 A0131 5.3 0 7.0 16.8 5.3 14.0

10 AcIlt 5.3 0 7.0 15.2 5.3 14.0
1 1 ADIS 5.3 1 7.0 11.8 5.3
1 2 ADIC, 5.3 0 7.0 14.6 5.3 iz.0

A i-v13 8 5.3 0 6.0 24.3 5.3 24.0
14 AOIG 5.7 0 7.0 40.0
15 Alois 6.4 0 6.0 69.8 6.8 45.0
16 Aorzo 6.4 0 6.0 109.9 6.8
17 6021 6.3 0 6.0 47.8 6.4 22.0
18 8024 6.5 0 6.0 60.8
19 u"02-5 6.0 1 7.0 6.6
20 LC 3 2 6 5.5 0 6.0 55.3

L; 1 6.4 0 6.0 98.4
2d2 U1020 7.1 0 8.0 57.8
2 3 0030 5.5 0 6.0 43.2
24 U00.3i 5.9 0 6.0 43.0
25 6.5 0 7.0 61.1
2 0 O 0.3 -;r 5.0' 0 6.0 3Z.4 5.8 5.5

27 003:1 5.6 0 6.0 34.1 5.8 9.6

23 0036 5.6 0 6.0 36.5 5.8 14.9

29 8037 5.6 1 7.0 31.0 5.8

30 83.3a 5.6 1 5.0 76.1 5.8

31 L; 7 5.8 0 5.0 50.6

32 lulo4^ 6. 1 5.0 134.4 6.8

33 1 L 6.4 1 10.0 9.1 6.4 3.2

34 0 6.4 0 7.o 22.4 6.4 7.7
35 5i 6.4 0 7.0 42.8 6.4
3O" 6.4 1 7.0 41.9 6.4
37 Li -OU 6.'t 1 6.0 28.6 6.4 26.0
38 7 6.4 0 7.0 37.1 6.4 23.0
39 C, 6.4 0 7.0 37.1 6.4 23.0
40 .07 6.4 0 7.0 39.8 6.4
41 6 2 6.4 0 7.0 42.8 6.4 26.5
42 6.4 0 7.0 40.0 6.4
43 u 6.4 0 7.0 35.0 6.4
44 6.4 0 5.0 86.0 6.4
45 -vz 6.4 0 7.0 39.5 6.4
46 �5 6.'* 0 7.0 40.1 6.4
47 73 6.4 1 7.0 42.5 6.4 27.1
48 '.4 1 6.0 3Z.9 6.4
49 UZO 6.f* 0 7.0 40.0 6.4
50 FOIG-C, 6.4 0 5.0 49.4 6.4 33.0
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-- REVISED--
140 MA'- GEO INT DIS MAG DIS

51 G7 6 0 6.0 88.5 6.4
c�52 0 6.4 0 7.0 34.1 6.4
n953 0 6.4 0 7.0 44.0 6.4

5 '12-il 6. -It 1 7.0 zr3 . 1 6.4 26.6
IC55 6.4 0 7.0 37.4 6.4

56 0 6.4 0 7.0 42.7 6.4

57 Iu-L 6.4 0 5.0 107.6 6.4
1-"58 6.4 1 5.0 68.5 6.4

59 UZO 6.4 0 5.0 45.4 6.4 41.0

60 L%-j4 6.4 0 5.0 52.2 6.4

61 LC5 6.4 0 7.0 38.7 6.4

62 icu 6.4 1 7.0 36.1 6.4 18.4
1 ^-T63 IV 6.4 0 7.0 39.8 6.4 22.0
1 ^C3

64 A. %P 6.4 0 7.0 39.8 6.4 21.0

65 110 6.4 0 7.0 31.51 6.4 13.6

66 I'12 6.4 0 7.0 42.5 6.4

67 %G IL 4 6.4 0 6.0 32.3 6.4 32.0

68 li5 6.4 0 7.0 29.3 6.4 15.0

69 Ij.V 6.4 0 6.0 50.2 6.4 36.0

70 4 0 7.0 43.1 6.4 22.6

71 124 6.4 0 6.0 76.2 6.4
I,^

72 6.4 0 6.0 37.1 6.4

73 6.4 0 6.0 38.2 6.4

74 6.4 0 7.0 38.9 6.4

75 137 6.4 0 -7.0 29.0 6.4 14.8

76 1 4 I 6.4 0 6.0 29.6 6.4 Z7.0

77 142 6.4 1 6.0 26.8 6.4 24.0

78 6.4 1 6.0 26.6 6.4 -4.0

79 144 6.4 1 6.0 23.3 6.4 21.0

so I -'r 5 6.4 0 7.0 34.9 6.4 10.7
I,^

SI to 6.4 0 7.0 39.9 6.4
I-82 Uu 6.4 1 7.0 30.8 6.4 16.9

83 L71 6. 1 4.0 139.8 6.4

84 In 6.4 0 7.0 42.9 6.4

85 6.4 1 5.0 70.7 6.4
86 IUV 6.4 0 5.0 84.3 6.4
87 ia.3 6.4 1 5.0 70.8 6.4

88 IG4 6.4 1 5.o 70.8 6.4
89 IG!; 6.4 1 5.0 75.6 6.4
90 6.4 0 6.0 54.1 6.4
91 1-07 6.4 0 6.0 72.1 6.4

1-92 UO 6.4 0 7.0 38.9 6.4
93 1 3 A. 6.4 0 5.0 67.8 6.4
9 1 lrl 6.4 0 7.0 40.7 6.4
95 6.4 0 5.0 122.6 6.4

I-696 'Y 6.4 0 6.0 75.4 6.4
97 IS7 6.4 0 5.0 185.7 6.4
98 1 6.4 1 7.0 34.0 6.4 19.4
99 6.4 0 7.0 42.0 6.4

100 2 6.4 0 6.0 73.8 6.4
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-- REVISED--
"o 144 GEO 11,41 Di MAG D I 

A. DI u 6 4 0 6. 0 73.6 6.4
JL 02 2- ̂:� . 0 5.0 IC8.2 6 4
I, L * 3 2,3-87 6 4 1 6. 0 32 6 4 3 0 .0

6. f
.L ) � 2v�; 33 4 6 4
'IL 2 10 6 4 0 5 0 1 51. 6.4
106 214 6.4 0 7.0 36.2 6.4
A.07 21.7 6.4 7.0 40.0 6.4
108 220% 6.4 0 6.0 95.8 6.4
L 2211 6.4 1 6.0 43.3 6.4 26.0
ilo 222 6.4 0 6.0 79.3 6.4
III 223 6.4 1 5.0 65.0 6.4
AU2 AL -3 I 6.4 0 6.0 51.7 6.4 37.0
113 2-33 6.4 0 7.0 29.3 6.4 15.4
114 2:36 6.4 0 7.0 34.9 6.4
115 23- 6.4 0 7.0 38.4 6.4
116 6.4 1 7.0 41.8 6.4
117 24'T 6.4 0 7.0 41.9 6.4
118 246 6.4 0 7.0 35.7 6.4
119 2AIG 6.4 0 7.0 35.7 6.4

-120 2-413 6.4 0 7.0 39-2 6.4
121 250 6.4 0 .7.0 41.8 6.4
122 25.3 6.4 0 7-0 42.0 6.4
123 2506 6.4 0 7.0 38.9 6.4
124 6.4 0 7.0 44.6 6.4
" 2 2 6.4 0 7.0 39.6 6.4
'26 6.4 0 7.0 39.0 6.4
I 7 2 cp 6.4 1 7.0 39.9 6.4
'23 24J6 6.4 0 7.0 40.0 6.4
129 2 4 tv 6.4 0 6.0 52.0 6.4 37.0
14.30 T2u'G 6.5 0 6.0 46.5
131 -2�^ 6.3 0 4.0 149.8
132 2 903 6.3 0 6.0 148.1
'33 U2;!; 7.0 5.8 5.5 8.0
134 U21;7 1 6.0 5.8 5.0 8.0
I 3 U2397 5.9 0 8.0 35.9

U3-c-136 U.J 5.3 0 6.0 36.2
4 %O37 U3^^ 5.7 0 6.0 60A
138 U-311 5.6 0 3.0 130-.5 5.8

tj - 5.8 0 6.0 30 6
140 U"3 I 5.2 0 5.0 39.0
141 V315 6.3 0 8.0 27.2 6.4 6.4
142 V314 5.4 0 6.0 6.2 15.0
143 V 3 3 I 4-0 1 5.0 14.9
144 3 2 6 3 0 6-0 151.5
145 W33'r 5.4 1 6.0 13.4 5.4 11.0
146 In 3 l) 50 5.4 1 6.0 19.2 5.4 18.0
147 i%33'6 5.4 1 6.0 22.4 5.4
"48 a 3 30 U- 5.4 0 6.0 29.9 5.4 28.0
149 3 3 5.4 0 6.0 31.5 5.4 29.0
150 634Z 5.4 0 5.0 56.0 5.4
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-- REVISED--
IN 0 :1 G GEO INT DIS MAG D I 

151 ;,344 5 4 0 5.0 58.9 5.4
152 Y 3 6 4 0 6. 0 146. 6. 8
153 3 6 4 0 5.0 1 73. 1 6.8
15 4 Id 6 4 0 6 O 20 5. 1 6. 
I 5 5 Y3 .3 . r 0 6.0 220 3 6. 8
156 y 3 -f, S 6 4 0 6.0 212.9 6.8
157 V3 Rp 6 4 0 6.0 212. 0 6.8
"58 Y37-t 6.4 0 6.0 218.8 6.8
159 Y37G 6.4 1 6.0 218.8 6*8
160 Y3 7 9 6.4 0 6.0 212-.2 6.8
161 Y3GO 6.4 0 6.0 227.3 6.8
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-- REVISED--
NO 1144 G GE - I NT I MAG Dis

1 A002 5s8 0 5.0 56.3
2 ACCG 6.5 0 7.0 24.0
3 4021.0 5.8 0 7.0 9.6
4 2. C- 6.1 0 119.0
5 3022

6 a 0 2 _# 5.4 0 5.0 38.2
7 Bj2)p 7.1 0 8.0 16.8
8 3.0 0 16.0

Z-C-9 1.0 5.0 0 35.0
10 12-180ft 5.6 0 6.0 27.5
11 TZQ�8 5.5 0 5.0 23.6
12 290 4.3 0 27*0
13 291 3.9 0 27.0
14 1232 5.4 0 6.0 23.5
15 2-711T 0 4.0 128.9
16 LZ96 1
17 U256 0 5.0 85.1
18 L3vG 0 6.0 29.8
19 U301 5.3 0 7.0 29.3
20 U3uu'
21 VO' 3 C 70 5.0 0 6.0 8.5 5.0
22 U3C- 5.7 0 7.0 40.0
23 v 6.5 0 8.0 22.3
24 V314 6.3 1 7.0 54.9 6.4
25 V3 I 7 5.4 0 6.0 28.5
26 %V'3L. no

27 V31113 1 6.0 76.1
23 V 3 3.8 0 5.0 16.2
29 LO r- Z- 4.4 0 5.0 17.3
30 V3 2 3 4.4 0 5.0 15.6
31 V32G 4.0 0 5.0 18.3

V31-32 r_v 4.7 0 6.0 5.4 10.0
33 V33- 5.0 0 6.0 19.0
34 V3 33
35 463 -"W 30 5.4.
36 634i 5.4

Y, -Pt
37 --.A I It 6 . 8

38 Y361 6.8
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