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MEMORANDUM FOR: Ashok Thadani, Chief

~

Realiability and Risk Assessmen ranch, DST

FROM: Edmund J. Sullivan, Technic Assistant
Division of Engineerino

SUBJECT: GUIDANCE FOR T, GESSAR S ISMIC PRA

Per our discussions over the last several weeks the Components and
Structures Engineering staff have prepared.an integrated guidance
document for discussions with GE on the conduct of their seismic PP,A.

This guidance document is attached and represents what we consider to be
en outline of the important points that should be undertaken by GE.
However, we recognize the various ccnstraints under which GE is working
and intend to continue to interact with GE in arriving at an agreed upon
approach to this PRA.

We have noted in the attachment that quantification of uncertainty should
be carried through the analysis. We would appreciate your support in
further developing this cspect of the guidance. There are certain other
areat, such as evaluation of risk, consideration of secondary f ailures
and fault tree development / modification that we feel could be more
appropriately discussed with GE by your staff.

jhf' ,Ng o
Edmund J. Su van, Technical ssistant
Division of ineering
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Attachment: As stated v

cc: R. Vollmer ''
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GUIDANCE FOR THE GESSAR SEISMIC PRA

- -

1. The PRA should consider 3 separate seismic hazard levels. These are:

a. high: such as the New Madrid area and its surrcundings;
b. medium: such as the northeastern part of the U.S.; and

-

c. low: such as the north central part of the U.S.

2. The value of a GESSAR-II generic seismic external event PRA will be
significantly influenced by how the lack of site specific data regard-
ing subsurface geometry and materials properties is treated in the PRA.

- The PRA should consider four different site conditions:

a. Rock site;
b. shallow soil site;
c. intermediate soil site; and -

d. a deep soil site.
,

Foreachoftheseassumedsubsurfaceconditions(athroughd,aboveh,
describe soil and rock parameters which are used as the basis for the
PRA. Information that is assumed should include:

a. Profiles through each of the specific Category I structures of .

the nuclear island showing the subsurface features beneath the
structures;

b. the static and dynamic properties of the subsurface soil and
/ rock material;

'c . embednent conditions in rock and in soil;
d. type of backfill material contemplated for embedment;
e. static and dynamic engineering properties of embedment materials;

and -

'

f. assumed water table used in the PRA analysis.

For the PRA, the assumed ranges of subsurface and embedment material
static and dynamic engineering property values should be compared with *

,

the GESSAR II design values. In particular, strain dependent soil
stiffness and damping values and assumed variation with depth should be
addressed, and strains identified as compatible with existing earthquake
loading should be presented. ~

3. Specific component failure modes considered in the PRA should be clearly
addressed. Consideration should be given to failure due to impact loadings
and to differential settlement and tilting of structures. Results of these
effects should be addressed separately from those related to caly peak
acceleration levels. All events in each event tree that are influenced,

by geotechnical features or parameters should be identified and the mode of
failure should be stated along with basis. -
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4. A rational procedure shoul'd be used to identify critical structure and
component and their failure modes. This procedure should include the

'following considerations:

a. High-stress, high-deformation areas based on the current determin-
istic design analysis;

~

-
.

b. the consequence of a loss of safety related system or equipment
resulting from structural failure;

-
.

c. the ability of a structure or a structural element or a mechanical
component to compromise redundancy of safety systems;

d. the lack of opportunities to conduct as-built inspections, examine
construction details, and in-service inspection of mechanical com-
ponents; and
important structure and compo'nents failures id.entified in seismice.

'

PRAs completed to date.
~

5. In the presentation of December 16, 1982, GE has proposed a procedure
which uses the concept of multiplying various factors of safety (strength
factor of safety, ductility factor of safety, and response factor.o'f
safety) to design peak ground acceleration to obtain median ground
acceleration capacity of a given structure. Further, a log-normal
distribution is assumed for the structural fragility curve with a median
acceleration established as discussed above and an " assumed" standard
deviation. The following comr.ents and guidelines are offered on structural
fragility development methodology:

a. The multiplicative model as discussed above needs to be justified on
a rational basis. In this procedure, the sensitivity of median
acceleration capacity to small changes in individual factor of safety
is quite significant and needs to be explained. For the critical
structural failures (based on the risk calculations), an alternative
approach, such as the use of probabilistic structural mechanics and'

limit state description of failure modes is recommended to verify the -

fragility curve used in the analysis to some extent. Detailed cal-
culations for these important fragilities must be performedy

b. The response factor of safety should not be assumed as 2.0 as indicated
in the December 16, 1982 meeting but-should,be developed on a rational

,

basis. The response factor is most likely to include the effects of
'. site specific parameters and the affects of phenomenon such as soil

structure interaction (551). Therefore, the response factor of safety
should be developed on a rational basis with proper consideration of
SSI and other site specific effects..

c. The basis and the rationaln for the selection of the standard deviation
associated with the log-normal (or any other) distribution should be
provided or justified.on'a detailed calculational-basis (see a above).

d. The data base used for developing strength f actors of safety and its
applicability to GESSAR structures should be discussed.

-
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6. The PRA should attempt'to. list a possible impact of balance-of-plant
'

structures currently not included in the GESSAR'PRA and should also
identify site specific features which may be important.in the site
specific PRA.

7. Quantification of uncertainty should be carried through the hazard,
fragility, systems and consequence analyses.

. ,

8. The GESSAR PRA should specifically address fragility of components and,

supports essential to plant safety, especially those needed to maintain
integrity of the reactor coolant pressure boundary and reactor shutdown
systems including the ability of piping systems to deliver their rated
flow.

.

9. The bases used to define fragility curves of mechanical components and
component supports should be provided. The data base used to verify
specific probability distribution is desirable. Based upon a priori-
tization by risk, the fragility of the more critical components should
be related to the seismic spectral input from adjacent supporting - -

structures. Fragility defined by a single parameter using free ,fiel.d
peak ground acceleration may induce great uncertainty and should be
justified.

10. Event /f ault tree logic should be detailed enough to incorporate electric*

power, instrumentation and protection systems, in actual earthquake
situations plant startup (non-nuclear) is known to have been hampered
by improper sequencing of relays.
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