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DOE-STD-1024-92 (CH - 1)

Subject: CHANGE NOTICE #1

This Change Notice has been approved by EH-31 to update references in this document to
reflect recently approved DOE Orders and Implementation Guides. It includes 3 pages, an
instructions page, a new cover page for the document, and a new "Foreword" page for the

orginal document.

Action: Recipients of this Change Notice should take the following actions:

1. Insert the enclosed revised cover page which reflects Change Notice #1,
inside the front cover of the original document.

2. Insert the enclosed document page which is the revised "Foreword"
statement, prior to the original "Foreword" page and cross out the original
"Foreword" paragraphs.

3. Insert this Change Notice page immediately following the revised front cover
that was inserted in step 1 above.
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FOREWORD

More recent versions of documents referenced by and associated with this technical standard now
exist. Specifically,

1.

DOE Order 5480.28 has been replaced by DOE Order 420.1, Facility Safety and its
associated Implementation Guides:

"Implementation Guide for the Mitigation of Natural Phenomena Hazards for DOE
Nuclear Facilities and Non-nuclear Facilities",

"Implementation Guide for Nonreactor Nuclear Safety Design Criteria and Explosives
Safety Criteria”, and

"Implementation Guide for use with DOE Orders 420 and 470 Fire Safety Program".

DOE Standard 1023 is more recent than this technical standard and should be
reviewed prior to use of this technical standard. All future Seismic Hazard Curves
should be developed using the methods provided in DOE-STD-1023-95.

The definitions provided in the Natural Phenomena Hazards (NPH) Implementation
Guide take precedence over the definitions provided in this technical standard and in
other NPH technical standards.

There is an established hierarchy in the set of documents that specify NPH
requirements. In this hierarchy, DOE Order 420.1 is the highest authority. The next
set of controlling documents are the associated Implementation Guides followed by
the set of NPH technical standards. In the event of conflicts in the information
provided by these documents, the information provided in the document of higher
authority should be utilized (e.g., the definitions provided in the Implementation
Guides should be utilized even though corresponding definitions are provided in the
NPH technical standards).

This technical standard will still apply when DOE Order 420.1 is converted to a rule.
In addition, this technical standard will still apply when other referenced DOE Orders
such as 5480.23, the SAR Order, 5480.22, the TSR Order, etc. are converted to
rules.
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ABSTRACT

This Standard is intended to provide guidance in the use of the seismic hazard
curves developed by the Lawrence Livermore National Laboratory (LLNL) and
the Electric Power Research Institute (EPRI). Experience to-date has shown
that application of these methodologies can yield significantly different results.

In response to this issue, a Seismic Working Group (SWG) has been formed at
the Department of Energy (DOE) Headquarters to coordinate the application of
these methodologies within DOE in a consistent manner. The position
developed by the SWG and contained in this Standard is intended for immediate
use in developing seismic hazard estimates at DOE sites for the evaluation of
new and existing, nuclear and non-nuclear DOE facilities. This Standard is
needed not only to address the LLNL/EPRI issue but also to assure that state-
of-the-art seismic hazard methods are incorporated into DOE standards as soon
as possible.

The DOE is currently involved in a joint program with the Nuclear Regulatory
Commission and EPRI to evaluate these existing probabilistic seismic hazard
methodologies and to develop recommendations for an improved methodology
for the 1990's. The final product of this effort is expected to result in more
stable hazard estimates and will supersede this Standard in approximately two
years.
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Background

The issue of the seismic hazard to be used in safety or risk assessments has
recently been raised at a number of Department of Energy (DOE) facilities.
One of the technical issues associated with this topic is the existence and use
of two different methodologies for the development of seismic hazard curves
by Lawrence Livermore National Laboratory (LLNL) and the Electric Power
Research Institute (EPRI). Experience to date has shown that application of
these methodologies can yield significantly different results. In response to
this situation, a Seismic Working Group (SWG) has been formed at DOE
Headquarters to coordinate the application of these methodologies within DOE
in a consistent manner, and to cooperate in an effort to address the
differences between the two methodologies.

The difference between the LLNL and EPRI studies takes on Departmental
importance for several reasons: (1) results from these studies are applicable to
locations in the Eastern United States (east of 104W) and have been used by
a number of DOE sites and contractors; (2) the current usage of these studies
is inconsistent from site to site; (3) the Department General Design Criteria
(DOE Order 6430.1A) requires that seismic design be evaluated based on
probabilistic seismic hazard without explicitly identifying what methodology
should be used; and (4) various Departmental organizations are using safety
goals to evaluate facility performance and design which can be sensitive to the
probabilistic seismic hazard curve used.

The DOE SWG developed several objectives. These objectives are:

1. Develop an understanding of how DOE field offices and support
contractors are using the LLNL and EPRI seismic hazard studies;

2. Develop an understanding of what studies have been initiated or
completed to investigate the causes of the significant differences
between the LLNL and EPRI studies at DOE facility sites;

3. Document the significant differences regarding the use of the LLNL and
EPRI studies at the various DOE sites;

4. Provide an interim position regarding how the LLNL and EPRI studies
should be used to assess seismic issues for existing and future facility
seismic designs; and

5. Provide recommendations regarding efforts to address the differences
between the LLNL and EPRI seismic hazard curves that result in more
stable estimates of seismic hazard.
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Purpose

The purpose of this Standard is to present and implement the fourth objective.
This Standard will address the first three objectives by reference as needed.
This Standard will be operative for about 2 years. The DOE, in cooperation
with the U. S. Nuclear Regulatory Commission (NRC) and EPRI has initiated a
seismic hazard program which is expected to result in more stable seismic
hazard estimates. This work should be completed within 2 years and the
results would be used to develop an updated standard at that time.

This Standard is a revised version of a draft position regarding the LLNL/EPRI
seismic hazard curves (DOE, 1992a) which was reviewed by numerous
organizations. The DOE SWG has prepared a comment/response document which
responds to comments from these organizations. The comment response document
explains the changes made to the draft position and is provided as Appendix A.

Applicability

The Standard explicitly applies to all DOE sites east of the about 104W. The Rocky
Flats site is excluded from the Standard because the LLNL and EPRI studies did not
extend far enough westward to provide the necessary seismic hazard input. The
Paducah, Kentucky site is excluded because this site is in close proximity to the New
Madrid, Missouri seismic zone which should be modeled as an extended line source.
Neither the EPRI nor LLNL studies adequately modeled the New Madrid source in
this fashion. The Paducah site has undertaken appropriate probabilistic seismic
hazard studies including extended source modeling for New Madrid. Department of
Energy sites in the Western United States should be aware of the position,
particularly when developing site-specific probabilistic seismic hazard curves.

Department of Energy sites and facilities that are to be licensed by the NRC are
exempt from this Standard.

Current Department of Energy Orders and Requirements

The design methods currently being used by DOE are contained in UCRL-15910,
"Design and Evaluation Guideline for Department of Energy Facilities Subjected to
Natural Phenomena Hazards", the implementing reference in DOE Order 6430.1A,
the DOE General Design Criteria. UCRL-15910 is based on the use of probabilistic
performance goals for different facility use categories and specifies that the seismic
design basis for DOE nonreactor facilities is to be determined using hazard
exceedance probabilities.

Currently, a DOE Order is being prepared that will define Natural Phenomena
Hazards Mitigation (Draft DOE Order 5480.NPH). Additionally, a set of Natural
Phenomena Standards and Guidance Documents will be prepared that will
establish more explicit requirements and acceptance criteria for DOE facilities.
Department of Energy Standard DOE-STD-1020-92, "Natural Phenomena
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Hazards Design and Evaluation Criteria for Department of Energy Facilities”
will, when published, supersede UCRL-15910. For the purpose of this standard
we will continue to use the UCRL-15910 reference with a parenthetical
reference to the future standard. The DOE Natural Phenomena Order and
associated documents establish the following requirements:

o The seismic performance goals and the seismic hazard exceedance
probabilities will be based on mean probabilistic estimates; and

o Site-specific seismic hazard estimates should be reviewed about every
ten years. If new information and/or methods used to compute
probabilistic seismic hazard changes then revised probabilistic estimates
should be made. In general, the TERA, Inc. seismic hazard curves do
not now represent state-of-the-art seismic hazard estimates.

Unfortunately, UCRL-15910 (DOE-STD-1020) is silent in two critical respects.
First, there is no specific guidance for DOE sites to complete a probabilistic
seismic hazard analysis at set time intervals. As a result the hazard analyses
summarized in UCRL-53582, the TERA, Inc. studies, late 1970's vintage, are
dated. Considerable research and development efforts in the fields of seismo-
tectonics and ground motion estimation since 1980 allow for better modeling of
uncertainties in analysis, more accurate determination of the major contributors
to seismic hazard, and more confidence in absolute numbers. Additionally,
significant amounts of more recent seismic information are available. At some
sites the existing TERA, Inc. results appear to be extremely high at the higher
probabilities (>IOE-3) to such an extent that results are questionable. This
Standard is needed in order to incorporate this more recent information into
seismic hazard determination as soon as possible, and to address the concerns
with the TERA, Inc. study. Unfortunately, the recent studies that have been
completed using the new information are widely divergent in hazard results.

Figure 1 illustrates the issue at hand by showing the median, mean and 85th
percentile probabilistic seismic hazard results for the Savannah River Site for,
both LLNL and EPRI. Figure 1 shows the extreme difference between the two
studies for the mean and 85th percentile and the general consistency between
the median results. This leads to the second issue related to UCRL-15910
(DOE-STD-1020), the issue of uncertainty.

UCRL-15910 (DOE-STD-1020) is silent regarding how uncertainty should be
factored into the probabilistic performance goal and seismic hazard assessment
which directly affects the selection of the peak ground acceleration. While
UCRL-15910 (DOE-STD-1020) specifies that the median response spectral
shape should be used, it does not explicitly define whether the probabilistically
defined peak ground acceleration is associated with a median or mean value,
or some other value. The existing TERA, Inc. curves are labeled "best
estimate"” values which are most closely associated with median values using
current approaches. Since the TERA, Inc. values were developed by one team

3



DOE-STD-1024-92

the mean and median are essentially the same from that study. The DOE
Eastern United States sites that have updated site specific probabilistic seismic
hazard results have had to address the LLNL and EPRI uncertainty issues as
well. At present, assessments have been completed inconsistently from site to
site. The use of the Standard will provide a consistent approach to clarify these
uncertainties.

Format

The discussion provided below is organized as follows: Because there is
extensive discussion and evaluation of the existing seismic hazard curves, the
seismic hazard position is provided first. The text which follows reviews the
existing probabilistic seismic hazard curves, and provides the basis for the
development of the specific factors selected for the seismic hazard position.
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SEISMIC HAZARD POSITION

The seismic hazard position described below uses the annual
probabilities specified in DOE Order 5480.NPH and UCRL-15910
(DOE-STD-1020).

A:

For those sites that have both LLNL and EPRI probabilistic seismic
hazard results the recommended approach is to either continue to
use the TERA, Inc. seismic hazard values or:

1. Use the peak ground acceleration probabilistic median
seismic hazard curves from both the LLNL, without LLNL
Expert #5 Attenuation, (hereafter referred to as LLNL-
AE5) and EPRI studies.

2. Enter the two studies at the target probability (i.e., at 2 x
10*, 1 x 10° or 2 x 10 per DOE Order 5480.NPH or
UCRL-15910 (DOE-STD-1020) and geometrically average
the resulting two peak ground accelerations.

3. Multiply the resulting peak ground acceleration by 1.80 for
the probabilities of 1 x 10° and 2 x 10° and 1.65 for the
probability of 2 x 10™ to represent uncertainty in the
hazard analysis.

4. Using the peak ground acceleration from 3 above, anchor a
median standardized spectral shape such as the median
spectral shape defined in NUREG/CR-0098 (Newmark and
Hall), or a deterministic site-specific derived median spectral
shape. In all cases the spectral shape should be consistent
with the rock or soil site conditions at the site in question.
The resulting response spectra should be compared to that
being used to establish the Design Basis Earthquake (DBE)
at each site. If the DBE spectral shape is lower than the
NUREG/CR-0098 spectral shape, it is recommended that a
site-specific spectral shape be developed.

For those sites who implement a deterministic site-specific
spectral shape, information contained in the probabilistic seismic
hazard analysis should be used to establish the appropriate
magnitude and distance. Interim guidance for the development of
deterministic spectral shape is provided in Appendix B. The TERA,
Inc. spectral shape shall not be used for future DBE assessments
if it is lower than the developed site-specific spectral shape. A
DOE Standard is being developed (Draft DOE-STD-1023) that will
provide specific criteria which can be used to develop site-specific
spectra. The DOE Standard will supersede the interim guidance
found in Appendix B. If a modern probabilistic seismic hazard
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analysis is not available then the NUREG-CR/0098 median
spectral shape should be used.

B: For those sites that have only the LLNL or EPRI probabilistic
seismic hazard results the recommendation is to use the above
factors (in A3 above) on an adjusted median curve as described
below. The factor selected to adjust the median is 1.2 (i.e., LLNL
median result divided by 1.2) if only LLNL results are available
with LLNL-AES). This factor represents the difference between
the LLNL and EPRI median hazard curves at both reactor sites
and DOE sites. For sites that have only LLNL results without
LLNL-AE5 these median results should be used directly. For a
site that would have only EPRI results available (none are known
to currently exist) it is recommended that LLNL results be
guantified for that site. If this cannot be accomplished, the EPRI
median should be multiplied by 1.2 In following the Standard,
however, all sites which have both results must use the position
developed using both results.

C: The seismic hazard position does not explicitly apply to Probabilistic
Risk Assessment (PRA) studies. Probabilistic Risk Assessments
being completed should evaluate both LLNL and EPRI hazard
curves individually to ensure that there is an adequate seismic
understanding of the dominant seismic sequences. Thus, these
results should be used in a relative sense. The absolute seismic
PRA numbers should not be relied on considering the issues
associated with the individual EPRI and LLNL hazard curves.

The advantage of the above approach is that the most stable hazard
estimate is used while recognizing the existing uncertainty. The difficulty
of this approach relates to how the correction factor is estimated. The
correction factor was developed by reviewing the LLNL and EPRI results
(fractiles ranging from the 15 percent to 85 percent) for the commercial
nuclear power plants in the Eastern United States. This recommendation
is thought to represent a reasonable interim solution, and was developed
to address the limitations in existing hazard analyses discussed below.
The specific value for the correction factor is thought to be conservative in
that future work will demonstrate that the mean hazard curves are lower
than values recommended by this position. The discussion below also
summarizes the development of this factor.
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2.0 BASIS FOR RECOMMENDATIONS
2.1  Summary Issues

The discussion provided below is a brief summary of the evaluations that
have been completed to date to investigate, in detail, the causes of the
significant differences between the LLNL and EPRI seismic hazard
methods. It should be noted that detailed evaluations of the differences
between the two studies have only been completed at a few sites. This
makes it difficult to reach definitive conclusions regarding the generic
causes of the differences between the two methods. The reader is
referred to the references cited in the discussion below to obtain more
detailed discussion regarding the key issues related to the seismic hazard
curves.

Three investigators have evaluated in some detail the LLNL and EPRI
seismic hazard methods. These investigators are LLNL (Bernreuter, 1987,
et al), Jack Benjamin and Associates (McCann, 1991) and Risk
Engineering Inc. (McGuire, 1990a, 1990b, 1991). The following are
summary issues as a result of these studies. The summary issues are
meant to capture key points that the investigators have made.

2.1.1 Lawrence Livermore National Laboratory Summary Issues

o With respect to uncertainty estimates, uncertainty in zonation and
ground motion attenuation are, in general, the most significant
sources of uncertainty in the LLNL study. When compared to the
EPRI results, there appears to be a large difference in the
uncertainty estimates associated with the seismicity parameters
(both activity rates and slope of the recurrence curve);

o The contribution of the background zone is extremely important for
sites in relatively low seismicity regions. Great care should be
taken in estimating the seismicity parameters of the zone which
contains the site. In some cases the host zone for a given site has
no assumed seismicity above magnitude 5.0 in the EPRI study;

o Validation tests show that when using exactly the same input the
EPRI and LLNL algorithms give similar results;

o The seismic hazard results are extremely sensitive to the input of
LLNL-AES5, particularly for rock site conditions. Lawrence Livermore
National Laboratory recognizes that an analysis such as they
performed contains certain combinations of assumptions which will
lead to estimates that are true outliers. It is LLNL's opinion that this
fact makes the mean a relatively poor choice to use to compare the
hazard between sites because it is more sensitive to outliers than
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other estimators, such as the median. Median estimates of seismic
hazard appear to be stable estimators of the seismic hazard at a site;

The number and weights assigned to ground motion models used in
the LLNL and EPRI studies are very different. There is a larger
number of models encompassing a large range of opinions in the
LLNL study compared to the EPRI study; and

Lawrence Livermore National Laboratory found that the probability of
exceedance of a given ground motion value is, in general, close to a
lognormal probability distribution. The EPRI distribution of the hazard
appears to be skewed strongly toward the low probability of
exceedance. A key difference between the two studies relates to
differences in the way that the expert opinion was elicited, particularly
with respect to uncertainty assessments.

2.1.2 Risk Engineering, Inc. Summary Issues

O

Risk Engineering, Inc. found that the uncertainty provided by a
given expert in the LLNL study was much larger than the
uncertainty provided by the EPRI expert teams. Risk Engineering,
Inc. concluded that there were unrealistically large uncertainty
bands on seismicity parameters for four of the LLNL seismicity
experts, particularly for the Charleston seismic source zone. One
seismicity expert (in one extreme case) included a recurrence
interval of 20 days for a magnitude greater than 5.0 for the
Charleston source. This same expert had an upper end to the
recurrence range for magnitude 5.0 of 2290 years, which is longer
than the recurrence estimates for the 1886 Charleston event;

Risk Engineering, Inc. concluded that there was insufficient
feedback to allow comparison of the resulting LLNL seismicity
expert interpretations with historic seismicity data. In general, the
recurrence intervals for all of the LLNL seismicity experts may be
anomalously short when compared to historic seismicity;

Risk Engineering, Inc. has also -found that the EPRI team of
Dames and Moore does not fully account for historic seismicity near
the Savannah River Site (SRS). One reason for this is the fact that
the SRS host source zone was given a low probability of activity.
Risk Engineering, Inc. recommended that the Dames and Moore
seismic source input not be used to calculate the seismic hazard at
SRS;

Risk Engineering, Inc. has compared the attenuation functions
selected by EPRI and the LLNL attenuation experts with available
strong motion data in the Eastern North America, and in particular
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the data generated by the 1988 Saguenay earthquake. They
concluded that no individual attenuation function fits the Saguenay
observations over the entire distance range of 40 to 200
kilometers. Additionally, they found that the attenuation model
selected by LLNL-AES5 is generally inconsistent with observed data;
and

Risk Engineering, Inc. has also criticized the method by which the
attenuation model used by LLNL-AE5 was derived. This model
was obtained by combining intensity versus amplitude regressions
from California and intensity attenuation relationships from Eastern
North America. The intensity versus amplitude relationship from
California may not be the same in Eastern North America due to
differences in ground motion frequency content, duration, and wave
type between the two regions. In addition, the substitution process
used leads to biased results. Risk Engineering, Inc. has
recommended that LLNL-AES5 be deleted from seismic hazard
calculations.

2.1.3 Jack Benjamin and Associates Summary Issues

Jack Benjamin and Associates (JBA) developed diagnostic tools to
provide a close examination of the factors that contributed the largest
percentage to the seismic hazard results. These comparisons showed
that differences in the mean hazard result between LLNL and EPRI are
controlled by low degree of belief parameter assessments. The overall
conclusion of JBA is that the process of expert elicitation and uncertainty
evaluation are extremely important. Some of the more important
observations are described below.

@]

The LLNL constant percentile seismic hazard curves are based on
2750 individual seismic hazard curves. The highest curve (1/2750
or .04 percent) contributes 13 percent to the mean hazard curve at
Savannah River. This curve is associated with a 1/7.6 chance of
exceeding 0.25g annually at the Savannah River Site. This value
appears to be extremely high given the historical seismicity in the
Southeastern United States. The highest 21 hazard curves
(21/2750 or .80 percent) contribute about 50 percent to the mean
hazard curve.

The seismicity parameters associated with some of the highest
seismic LLNL hazard curves may be affected by the way that an
expert intensity-based recurrence relationship is translated into a
magnitude based recurrence relationship. This could result in
anomalously high activity rates and/or low recurrence slope ('b’)
values. Jack Benjamin and Associates concluded that the largest
difference between the LLNL and EPRI results were due to

9
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difference between the seismicity parameters and upper magnitude
cutoffs.

o The LLNL and EPRI attenuation models were compared to a set
of empirical Eastern United States data, for peak acceleration
and response spectral values. It was found that several
attenuation models fit the empirical set at frequencies less than
about 5 hertz. LLNL-AES5 fit the data particularly poorly at the low
frequencies.

Lawrence Livermore National Laboratory Draft New Production Reactor
Probabilistic Seismic Hazard Results For Savannah River

Lawrence Livermore National Laboratory staff have undertaken a
probabilistic seismic hazard study for DOE at the Savannah River Site
(LLNL, 1992). Lawrence Livermore National Laboratory staff, recognizing
the technical issues related to their earlier work, have attempted to
ensure that seismic hazard uncertainties are properly identified and
guantified. Draft results from Savannah River when compared to earlier
LLNL estimates explicitly show reductions in uncertainty estimates. Such
results are likely to have generic implications. The following three issues
appear to have the most significant influence on the draft revised
Savannah River results.

o LLNL-AE5 has modified the attenuation relationship he had
previously selected in the LLNL Eastern United States study. For
Savannah River this change is judged to be relatively minor
because of the deep soil site conditions. For rock site conditions
the revised attenuation relationships is likely to be more
significant.

o The characterization of attenuation uncertainty is assessed
inconsistently between experts. Lawrence Livermore National
Laboratory has identified attenuation uncertainty as a key issue in
guantifying mean estimates of seismic hazard. Lawrence
Livermore National Laboratory has performed initial sensitivity
studies using modified estimates (narrower range) of attenuation
uncertainty which results in reduction of mean seismic hazard of
about 30 to 50 percent.

o The assessment of uncertainty in earthquake occurrence
parameters is treated inconsistently by different experts.
Lawrence Livermore National Laboratory is developing diagnostic
tools to better determine if seismicity experts have properly
guantified earthquake occurrence uncertainty. Preliminary results
suggest that some LLNL seismicity experts may over-estimate the
range in earthquake occurrence parameters.

10
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Figure 7 discussed later in this Standard shows the original LLNL mean
seismic hazard results for the Savannah River Site with and without
LLNL-AES5 and preliminary draft results for LLNL study underway for
Savannah River. The most recent results show probability reductions in
the mean hazard of about 8 at a peak acceleration of about 0.20g.
These preliminary results will be used to help establish the appropriate
way of containing the LLNL and EPRI seismic hazard curves.

Seismic Working Group Meeting of March 11, 1991

In addition to the above information, the SWG held a meeting on March
11, 1991, with the specific purpose of obtaining from these three
investigators their input related to the causes of the differences between
the two studies. Based on the above, the SWG has evaluated these
studies and has reached the following conclusions:

o There is a high degree of similarity between the LLNL and EPRI
seismic hazard studies ranging from overlap of experts used to
general overlap in parameter input from the experts. The key
difference between the two studies relates to the topic of
uncertainty assessment, particularly "modeling uncertainty”
assessment for all input variables. Identified issues relate to the
process of expert opinion elicitation, particularly the issues of how
and whether experts assess and understand uncertainty;

o The SWG has concluded that the mean seismic hazard curves
from the LLNL and EPRI study should not be used as the seismic
hazard curve to implement UCRL-15910 (DOE-STD-1020) or as
the single seismic hazard curve for probabilistic risk assessments.
The work of McCann (1991) demonstrates that the LLNL mean is
sensitive to the upper tail of the hazard curve distribution (above
about 90th percentile) at the Savannah River Site. Given the
location of the mean hazard curve at the sites evaluated by LLNL
(LLNL 1989), i.e., generally above the 85th percentile, it is likely
that the above conclusion would hold at many locations. The
seismic hazard curves at fractiles above about the 85th percentile
may not represent realistic seismicity estimates. While the above
generic statement is controversial, it is clear that there is doubt
regarding these highest fractiles, and this doubt is serious enough
at the present time to support the judgement that fractiles above
the 85th percentile should not dominate the choice of seismic input;

o The above conclusion may be generally extended to the EPRI
study. McGuire (1990a and 1990b) has recommended that, based
on comparison to historic seismicity, that some of the EPRI team
input could be questioned as underestimating the frequency of
earthquakes. Additionally, LLNL (1987) has noted that the
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process used to include attenuation models is different between
the two studies. The EPRI seismic hazard curves were based on
holding a ground motion workshop and then selecting three
attenuation models while the LLNL results are based on input from
several experts. In a relative sense, there is the potential that
attenuation uncertainty is underestimated in the EPRI study.
These issues degrade confidence in the fractiles below about the
15th percentile and above about the 85th percentile from the EPRI
study, which could impact the reliability of the mean,;

There has been concern regarding the ground motion model
selected by LLNL-AES5. Lawrence Livermore National Laboratory
(1987) has recognized that the input from LLNL-AE5 can dominate
the upper fractiles of the hazard results, particularly for rock site
conditions. Both McCann (1991) and McGuire (1990a, 1990b and
1991) have expressed two concerns related to LLNL-AE5. The
development of the model has been questioned, regarding the
assumptions made and the methods used to develop an
appropriate intensity based attenuation model for the Eastern
United States based on Western ground motion data.

Additionally, the model has been compared to existing strong
motion data from the East, and questions have been raised
regarding how well the model fits the data compared to
attenuation models selected by other experts. These two factors
suggest that the hazard fractiles from the LLNL study which are
dominated by LLNL-AE5 should not be used to define the ground
motion. This supports the above assessment that the mean
hazard curve from the LLNL study may not be realistic;

The Uniform Hazard Spectra defined by the LLNL and EPRI studies
represents the combination of standard spectral shape models with
direct spectral ordinate models. The standard spectral shape is
typically based on statistical analysis of large (M>6) earthquakes
while the direct spectral ordinate method is based on a specified
magnitude and distance. The uncertainty distributions associated
with Uniform Hazard Spectra appear to be less stable than the peak
acceleration seismic hazard curves. These differences degrade
confidence that the Uniform Hazard Spectral shape actually
represents equal hazard spectra, and thus they should not be used;
and

The seismic hazard curves which appear to be most stable are the
median seismic hazard curves, from both the LLNL and EPRI studies.
Additionally, the uncertainty assessment in both studies regarding the
difference between the medians and the 15th percentile and 85th
percentile should be accounted for in the Standard.
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ASSUMPTIONS

Based on the above conclusions, the following assumptions have been
developed by the SWG.

O

The Standard should result in a consistent estimate of probabilistic
seismic hazard (degree of conservatism) from site to site. The
relative consistency from site to site is an important element in
implementing the criteria in UCRL 15910 (DOE-STD-1020) (e.g.,
UCRL 15910 (DOE-STD-1020) performance goals and hazard
exceedance probabilities are predicated on the use of consistent
hazard estimates).

Use of either the LLNL and EPRI results should not be to the
exclusion of the other. While specific portions of each study have
come under question, the studies represent landmarks in the
assessment of probabilistic seismic hazard, and should both be used
to make seismic decisions.

Uncertainty should be explicitly incorporated into the selection of the
ground motion at a given probability of exceedance.

The mean seismic hazard curve should be used if the criteria are
associated with single value probabilistic seismic hazard input, such
as the hazard exceedance probabilities defined in UCRL-15910
(DOE-STD-1020). If there is doubt that existing mean estimates are
realistic (as_is the case) then a pseudo-mean should be developed.
Given the current concerns with both the LLNL and EPRI results the
pseudo-mean should not be based on the fractiles below the 15th
percentile and above the 85th percentile from either study. The use
of mean estimates is incorporated in the DOE Natural Phenomena
Hazards Mitigation Order (DOE Order 5480.NPH).

When available, site specific soil conditions should be explicitly
included in the seismic hazard estimates, and in the development of
an appropriate response spectra. For soil sites, an explicit
determination should be made to assess the potential for site
amplification.
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APPROACH SELECTED

As part of determining which approach was best to select, DOE
requested that Dr. C. A. Cornell assist in reviewing the existing LLNL and
EPRI results at the 69 commercial nuclear power plant sites (NPP).
Information in the form of hazard curves and hazard curve ratios (ratio of
the 85th percentile to the median, for peak ground acceleration and
several response spectral ordinates) was provided to Dr. Cornell and
DOE by Risk Engineering Inc. under contract to Martin Marietta Energy
Systems, Oak Ridge. This information was reviewed to determine if
there were any consistent trends in the uncertainty estimates within the
individual LLNL and EPRI studies, and to determine what the trends
were between the two studies. Figures 2 and 3 display typical
information provided. These figures show the ratio of 85th percentile to
the median for 10 hertz spectral frequency for the LLNL and EPRI
studies respectively.

Appendix C provides the full set of information on the hazard curve ratios
for the peak ground acceleration and the spectral frequencies of 25, 10,
5, 2.5 and 1 hertz. Several levels of ground motion are also shown on
each figure. Figures C1 to C6 display the geometric mean of the ratio
between the 85th percentile and the median for the EPRI results and the
LLNL results with and without LLNL-AE5. Figures C7 through C24
display the entire set of reactor data and the geometric mean, 15th and
85th percentiles of the data. As discussed below, the above data can be
used to derive a pseudo-mean correction factor for the seismic hazard
curves. Dr. Cornell's report is provided as Appendix D. The more
important trends observed are:

o The site-to-site variability in the ratio of 85th/median in both the
LLNL and EPRI studies are very similar, for all ground motion cases
reviewed. This result is displayed on Figure 4 which shows the
ratio for a peak ground acceleration of 0.20g for the NPP sites. The
LLNL data shown on Figure 4 includes LLNL-AE5. The range of
the above ratio within either the LLNL or EPRI studies is about a
factor of 2 to 2.5 for the majority of the NPP sites;

o The difference in the ratio of the 85th/median between the LLNL
and EPRI studies is very similar in a wide variety of cases. For
peak ground acceleration the difference between LLNL and EPRI is
represented by 