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Ihe seismic input consists of the carthquake hazard in the vicinity of a nuclear power station,
defined by an estimate of the seismic hazard function (i.e., the relationship between the probability of
occurrence and a measure of the size of an earthquake) and a description of the free-field motion. The
soill-structure interaction hnk in the chain transforms the free-field ground motion into basemat or in-
structure response. accounting for the interaction of the soil with the massive, stiff structures present
at a nuclear power plant. Determination of the major structure response follows the soil-structure inter-
action step, where “major structure” commonly denotes a building, but may also include very large
components. The final step in the traditional seismic analysis and design process is predicting subsystem
structural response. An additional siep i the SSMRP is the prediction of failure and subsequent risk of

radioactive release

Objectives
[ he objectives of the SSMRP are to:
1 Fstimate the degree of conservatism of the present Standard Review Plan (SRP) seisnie
safety requirements
2. Develop improved requirements and methods for safety assessment.
Approach

Fhe approach toward achieving the program objectives is to develop probabilistic methodology
that realistically estimates the behavior of nuclear power plants during an earthquake. This methodology
will be tested against experimental data wherever possible. The work of the program is being performed
in two phases:
l. In Phase 1. completed i January 1981, the methodology was developed. Models for seismic
input, soilstructure intcraction, dynamic response of structures and subsystems, and fra-
gility were developed and combined using a probabilistic computational procedure. The
methodology was implemented in three computer programs: HAZARD, which assesses the
seismic hazard at a given site, SMACS, which computes in-structure and subsysien: seismic
responses, and SEISIM, which calculates structural, component, and system failure proba-
bilities. Sensitivity studies o gain engineering insight into seismic safety requirements were
started. The results will help dewermine priorities for the Phase 1l effort.
g In Phase I any necessary additional models and probabilistic procedures will be developed.
Sensitivity studies started in Phase 1 will be completed. The probability of failure of sys-
tems, components, and structures, and the probability of radioactive releases from a range
ot carthquake levels will be used to define needed improvements n the methodology.
Necessary vahdation will be carried out, and the validated methodology will be used to
refine estimates of conservatism and define the seismic contribution to reactor risk. The
validated methodology will be used to recommend changes in the SKP scismic safety re-
quirements, if needed, to obtain improved deterministic requirements.
For Phase 11, which will progress bevond FY 82, we have identified five major goals:
A. Sensitivity Studies
Having assembled the preliminary versions of the codes HAZARD, SMACS, and SEISIM,
and the preliminary fragility data base. we are ready to determine initially the relative importance
of the various aspects of the seismic problem, using sensitivity studies.
The results will (1) give us confidence in the tools we developed, (2) help direct refine-
ments in the tools and data developed, (3) allow us to compare our predictions with previous risk
studies. and (4) identity future arcas of research.

B. Complete Zion Risk Assessment
Having run sensitivity s udies and improved our codes and data (to the minimum extent

required), we can now comuete the evaluation of the seismic risk at Zion. This evaluation will
mclude uncertainty bands. The nsk number will be based on our having completed all the nec-
essary models (identified to date). tault trees, fragilities, and so on, although many of them will

be preliminary.
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o Develop Simplitied Mod Is
Given our experiency with sensitivity studies and the risk calculations. we can simplify the
risk calculations to provide a procedure that can be used in a timely fashion to perform a routine

probabilistic seismic risk assessment or to evaluate or benchmark risk assessments performed by
other means.

D Validation

Having calculated risk numbers, we must devote considerable effort to “verifying” them to
the extent possible. Clearly the overall risk cannot be “verified.” but we can perform studies,
such as comparing with other codes and comparing with data at the structural or system level.
L. BWR Risk Analysis

Application of our tools, codes. and methods to a BWR to (1) provide comparative risk
numbers, (2) demonstrate applicability of our simplified methodology to BWRs. and (3) provide
a benchngark against which other probabilistic risk assessments can be compared

Waork Scope

[he SSMRP consists of eight projects as indicated under “Cost and Development Schedule.”
I'he cight projects cover the major program goals described above. The work scope for each project in
FY 82 is described in this document in a format that follows the SSMRP Standard Work Order document
(NRC form 189),

SUMMARY OF ACCOMPLISHMENTS

This report presents the progress and accomplishments in the SSMRP for the two-quarter period
October 1. 1981, through March 31, 1982, During this period. the program underwent an extensive in-
house review by the NRC that focused on the long-range plans for the program and the potential uses of
the results generated in the program. In addition, the organization of the program was changed so that
the individual projects making up the SSMRP are now defined along the lines of goals and products.
Thus. the indwvidual projects are now

Project 1 General Program Management

Project 11 San Onofre Nuclear Generating Station Auxiliary Feedwater System
Analysis

Project 111 Sensitivity  Studies

Project IV Completion of Zion Risk Assessment

Project V Development of Simplified Models

Project VI Vahdation of SSMRP Methodology

Project VII Iechnology Transfer

Project VI BWR Risk Analysis

All future reporting, including schedule, cost, and accomplishments. will be along the lines of these
projects. This organization will make costs and progress towards these identifiable goals more trans-
parent.

A second major change has been identification of a need to develop, in as timely a fashion as
possible. a much-simplified version of the SSMRP methodology that will be suitable for use in per-
forming or benchmarking routine seismic probabilistic risk assessments of nuclear power plants. Thus,
we now have a specitic project and budget for development of simplified models (Project V).

The third major change in the program has been in Project 1. San Onofre Nuclear Generating
Station (SONGS) Auxiliary Feedwater System Analysis. This project was begun in May 1981 to provide
technical assistance to the NRC Office of Nuclear Reactor Regulation in their review of the SONGS
plant. Work on this project was terminated in February 1982 at the request of NRC-NRR when unavoid-
able schedule contlicts in the delivery of input from Southern California Edison prevented completion
of the project in a timely fashion. Before termination. a number of building response comparisons and
model evaluations had been performed and sent for use by NRR. Because of the scheduling compli-
cations, 1t was determined that the remaining work would be only marginally cost-effective. During the
raonths of February and March 1982, the SONGS analysis was put into a “wrap-up” mode, in which all
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pertinent data were assembled into a retrievable format, and a final report prepared to document all
work completed. All activity and costing on the SONGS project will be completed following delivery of
the final report in carly May.

Scope activities and accomplishments in the remaining six projects are highlighted below.

Project 1L, Sensitivity Studies

Work on the sensitivity studies has been in progress since the beginning of the fiscal year. Our
objective 1s to deternune a preliminary ranking of components and safety systems with regard to their
importance in contributing to final release category probabilities. These rankings and importance mea-
sures are based on the responses, fragilities, and accident sequences developed in Phase [ of the SSMRP.
Lhe sensitivity studies are being used to determine the adequacy of the level of modeling used in Phase 1,
and to determine which (if any) areas of input require further attention, either analytically, experi-
mentally, or through secking additional data.

To this end, two importance-measure algorithms, the Vesely-Fussel measure and the Bimbaum
measure, were programmed into the SEISIM code. After checking out these algorithms, an initial evalua-
tion of importance ranking was made (based on 98 of the 148 accident sequences). The preliminary
results showed that clectrical components associated with the Emergency Safety Features electrical
buses were most important, Next in importance were the power-operated relief valves and the reactor
protection system. The most important safety system identified was the Auxiliary Feedwater System.
A final set of importance-measure calculations will be made next quarter, using the entire set of 148
acadent sequences, and a set of input uncertainties will be chosen to include random uncertainties only.
(Uncertainties due to modeling will contribute to confidence bounds on the final results.)

One very important aspect of the Birnbaum importance measure is that it can be used to deter-
mine which u)mpomnts (or safety systems) should be upgraded to decrease. in the most cost-effective
manner, the rnisk of radioactive release. Thus, it can be used to give the “biggest bang for the buck™ in
determining additional testing or quality assurance procedure changes or retrofitting options.

Project IV, Completion of Zion Risk Assessment

I'he objective of this project is to complete the seismic risk assessment for the Zion nuclear power
plant that began in Phase I By contrast, calculations performed in Phase | were demonstrations of the
methodology, aimed at indicating any additional effort or scope required. Completion of the Zion
seismic risk assessment involves three mamn additions to the Phase I calculations:

| Completing the generation of all 148 accident sequences and their corresponding minimal
cut sets.
2, Developing and implementing a cost-effective procedure for separating random-versus-

modeling uncertamties and using the modeling uncertainties to compute confidence bounds
on the final probabilistic nisk results.

3 Completion ot ail needed piping models.

In the past two quarters, generation of all 148 accident sequences and cut sets was 90 percent
complete. Solving the remaining fault trees required use of a new fault tree code (FTAP) instituted on
a prime virtual memory computer. This code was modified to incorporate culling of the cut sets based
on a dual probabilistic culling criterion. The use of probabilistic culling is a significant improvement over
the manual techniques used in the Phase | calculations.

The task to develop and implement confidence bounds is proceeding on schedule. After initial
mvestigation, eight possible avenues of approach were identified. leading to results of varying accuracy.
A review panel consisting of Dr. C. A, Cornell (MIT), Dr. R. Wolft (UC, Berkeley) and Dr, Jon Collins
(Acta. Inc) was convened to help us in our review, As a result of this review, three alternatives were
selected for further evaluation through pilot calculations to estimate computer cost. Final selection and
implementation of the chosen method of computing confidence bounds will be performed next quarter.

All piping models scelected for Zion were completed this last quarter. Four additional piping
models for the Auxihary Feedwater System were generated, completing the modeling for the Auxilian
Feedwater System. Since this system was found to be the most important safety svstem in the sensitivity
studies of the Phase 1 results, it was felt that the piping modeling for this system should be completed
back to and including pertinent parts of the main steam system.
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Other than scope planning, there was no activity in this project in the past two quarters. In the
remainder of FY 82, efforts will be devoted to obtaining existing fault and event trees tor a BWR and
modifying them to include seismic-induced failures. This work can be performed as soon as final nego-
tiations with the owner/operator of the BWR under consideration are completed.
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PROJECT |
GENERAL PROGRAM MANAGEMENT
FIN AO126

Personnel
NRC Program Manager. D. ). Guzy
Contractor:  Lawrence Livermore National Laboratory (LLNL)
LLLNL Program Manager: M. P, Bohn

Reponsibilities

Program coordination.

General consultants.,

Iechnical documentation for all projects.

Applications to NRC concerns.

Program/projects travel cost.

6. Support of LLNL resident engineer at the HDR facility.
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] Original design (Housner) spectra for SONGS Unit 1 scaled up to 0.67 g ZPA (Zero
Penod Acceleration).
- The design spectra for SONGS Units 2 and 3.
3. Spectra midway between the above two.
Generate a set of time histories for each spectrum. SMACS will perform the soil-structure inter-
action analysis, structure (housing AFWS) analysis, and AFWS piping analysis. Compute the
seismic responses of structure and piping systems, Compare these results with the design results
furnished by SCE. This task has four subtasks, described below.

Fask 11.2.1 - Develop Seismic Input Time Histories
Generate a set of tme histories for each input spectrum. The response spectra of the time
history will envelop their input spectra. The input spectra are specified under Task I11.2 above.

Task 11.2.2  Compute Seismic Responses of Structures Due to Different Input Spectra

Compute the seismic responses of structures for each input spectrum as described above.
Also compute the seismic motion of the AFWS piping support points. This seismic motion will be
the input motion for the AFWS piping system.

Task 11.2.3  Compute Seismic Responses of the AFWS Piping Systems
Compute the seismic responses of the AFWS piping systems for each input spectrum.,

lask 11.2.4  Compare the Seismic Responses of Structures and Piping Systems with the Design
Results

Compare the results computed in tasks 11.2.2 and I1.2.3 with the design results furnished by
SCE. Tais compansor: will estimate the conservatism in the design analysis, which was based on
the 0.67 g Housner spectra.

lask 11.3  Development of SONGS Site Specific Seismic Hazard Curves, Spectra, and Time
Histories

In this task, we develop the seismic input required for both the systems analysis (SEISIM)
and structural analysis (SMACS). SEISIM requares, as one of its inputs, the annual exceedence
probability of any level of peak ground acceleration at the SONGS site. SMACS requires as input
sets of time histories that are correlated with the hazard curve used in SEISIM. To Cevelop this
required input, we must first deveiop an Earthquake Occurrence Model that gives the locations of
the carthquake relative to the SONGS site and rate of occurrence of various magnitude earth-
quakes. Along with the earthquake occurrence model, we also need a ground motion model that
predicts the ground motion at the SONGS site from an earthquake of magnitude M located a
distance R from the site. The earthquake occurrence model and ground models are used as inputs
into our hazard analysis programs to generate the required input for SEISIM and SMACS. Thus
three subtasks are defined

Task [1.3.1  Develop the Farthquake Occurrence Model for the SONGS Site

Develop a range of earthquake occurrence models using both the extensive geologic and
seismological investigation carried out by SCE and LLNL judgment. The SCE investigations will
provide the basic zonation. Conduct also a brief literature review to develop a range of alternative
models. Fstimate rates of occurrence using both our data and SCE’s data. Estimate largest earth-
quakes, using several approaches based on fault length, strain rate, and so on.

Task 11.3.2  Develop the Ground Motion Model for the SONGS Site

Ground motion models must be developed to account for the saturation of the magnitude
scale based on such parameters as seismic moment, stress drop, and surface wave magnitude. In
addition to source modeling. statistical analysis will be performed to establish reasonable bounds
for correction factors to apply to generic ground motion models to account for focusing of seis-
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Task 11.53  Coordinate the Electrical and Mechanical Components of AFWS with Fault Tree
and Structure Responses

Determine the location of the components (or groups of components) for each basic event
identified on the fault trees developed in Task [1.4.1 from either P & 1D drawings or plant in-
spection, then prepare a table correlating all these components with their locations and fragility
categories. Identify the minimum set of responses sufficient to provide the necessary SEISIM input
for all the basic events and correlate these responses with the components on the fault trees.

lask 11.5.4  Coordinate the Responses and Fault Tree of the AFWS

Coordinate the seismic respenses and fault tree of the AFWS. The beta factor technique de-
veloped in the Phase 11 of SSMRP will be used to normalize the responses, that is, resultant mo-
ments of pipes. Only those valves or pipe elements identified in the fault tree of AFWS will be

analyzed.

Task 116 Identification of Weak Links of AFWS

Task 11.6 computes the probabilities of failure of the AFWS of SONGS Unit 1. Responses
of structures and AFWS piping systems will be computed by the SMACS computer program.
Probabilities of failure of the AFWS will be computed by the SEISIM computer program. The
weak links of the AFWS will be identified. There are two subtasks:

lask 11.6.1 ~ Compute the Seismic Responses of Structures and AFWS

Compute the responses of structures and AFWS piping systems over a range of earthquake
time histories developed in Task 11.3.3. Coordinate these responses with the basic events of the
fault tree of AFWS. Use SMACS to generate the response corresponding to its basic event as an
input to SEISIM.

Task 1162 Compute the Probabilities of Failure of AFWS and Identify the Weak Links

Incorporate the hazard curves. responses, fragility data, and fault tree into the SEISIM code.
Compute the probabilities of failure of the AFWS. Produce the initial dominance ranking and
generate additiona! dominance measures. Rank the risk contributors to the failure of the AFWS to
identify the weak links of the AFWS of SONGS Unit 1.

Task 1.7 Compare the Probabilities of Failure of the AFWS Between SONGS 1 and Zion 1

Compute the probabilities of failure of the AFWS of Zion Unit 1. Produce the initial dom-
inance ranking, and generate additional dominance measures. Rank the risk contributors to the
failure of the AFWS to identify the weak links of the AFWS of Zion Unit 1. Compare these results
to the results for SONGS Unit 1.
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Project I} Milestone Dates

Original Revised
Target Target Completed
Milestone Date Date Date
2.1 Kickoff meeting 11-21-80 11-21-80
2.2 SONGS site visit 11-24-50 11-25-80
2.3 NRC-LLNL meeting 12-18-80 12-18-80
24 Work plan completed 1-15-81 1-22-81
2.5 Work plan revised 2-6-81 2-6-81
206 Work plan finalized 2-24-81 2-24-81
6ba  Work plan approved by NRC 5-1-81

2.7 All necessary data and models obtained from SCE 7-3-51 1-29-82
2.8 Soil model developed 7-3-81 12-1-81 12-1-81
2.9 All structure models developed 10-23-581 4-5-82
2.9a  Modification of turbine and fuel storage building 1-29-82

obtained from SCE
29b  SCI/ Bechtel fixed-base results of all structures 3-19-82

obtained from SCE
29¢ Al LENL structure models (fixed base) 4-5-82

compared with SCE/Bechtel
210  All SSI models developed 10-23-81 4-5-82
211 SMACS test runs completed 124-81 5-1-82
212 AFWS piping models developed 10-23-81 4-5-82
Y 124 AFWS piping supports location in the 3-1-82

structure models identified
213 Twune histories for the three NRC-specified 7-3-81 7-15-81 8-31-81

input spectra developed
2.14  Reactor building responses due to the NRC- X-14-81 11-24-81 11-24-81

specified spectra computed



Project 11 Milestone Dates

(continued)
Original Revised
Target Target Completed
Milestone Date Date Date

2.14a Reactor building model compared with 11-15-8] 11-15-81

SCE/Bechtel
2.15  All structure responses due to the NRC 1-8-%2 6-1-82

specified spectra computed
216 AFWS piping responses due to the NRC 1-8-82 6-1-52

specified spectra computed
217 Design results and SMACS results compared 2-5-82 7-1-82
2.17a  Design results of reactor building obtained 11-30-81

from SCE
2.17b  Design results and SMACS results of reactor 12-15-81 12-15-81

building compared
2.17¢  Design results of all structures obtained from SCE 6-1-82
2.17d  Design results of AFWS piping obtained 6-1-82
218 Farthquake occurrence model developed 9-18-81 2-15-82
219 Ground motion model developed 9-4-81 2-1-82
2.20  Hazard curves and time histories developed 11-20-81 3-5-82
221 Fault tree of AFWS developed 9-18-81 10-21-81 10-31-81
2.22  Fault tree of Zion Unit 1 AFWS modified 6-12-81 10-31-81 10-31-81
2.23  Fragility curves for structures developed 11-6-81 5-15-82
2.23a  Preliminary stress analysis of structures for 4-15-82

mput to fragilities completed
224 Beta-factor for AFWS piping system developed 10-16-81 10-31-81 10-31-81
2.25  AFWS components, fault tree, and structure 1-15-82 3-31-82

coordinated
220 Responses and fault tree of piping coordinated 12-18-81 6-1-82

21



Project 11 Milestone Dates

(continued)
Original Revised
Target Target Completed
Milestone Date Date Date
227 Seismic responses of structures and AFWS piping 2-15-82 7-1-82
systems due to the time histories generated by
Task 11.3.3 computed
2.28  Probabilities of faillure of SONGS-1 AFWS 3-19-82 8-1-82
computed
2.29  Probabilities of tailure of Zion-1 compared 4-16-82 9-1-82
with SONGS-1 result
2.29a  Probabilities of failure of Zion-! 8-1-82
230 Documentation of AFWS fault trees 12-31-81 12-15-81
development
2.31  Draft report of the SONGS-1 AFWS project 10-1-82
transmitted to NRC
2.32  NRC comments on the draft report of 10-15-82
SONGS-1 AFWS project received
2.33  Camera-ready copy of the final report of 11-15-82
SONGS-1 AFWS project transmitted to NRC
Subcontractors
l. Protessor J. I, Luco, University of California, San Diego
2. Structural Mechanics Associates (SMA)
3. FG&G Ince.
4 Science Applications Inc. (SAl)
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Project I, FY 82 Cost Breakdown

Amounts ($1000)
Task FY 82 YTD
Budget Spent
Project Planning and Management 35 25
il Develop soil model 2 2
.2 Develop structure models 8 31
113 Develop SSI models 38 35
1.4 Develop AFWS models 32 31
i.2.1 Develop time histones 0 0
1.2.2 Compute structure responses 9 8
ii.2.3 Compute AFWS piping responses 10 0
24 Compare SMACS results with design results 5 4
.31 Develop earthquake occurrence models 9 7
11.3.2 Develop ground motion models 9 8
I1.3.3 Develop hazard curves and time histories 4 29
141 Develop fault tree of AFWS 16 16
I.4.2 Modify tault tree of Zion Unit 1 AFWS 9 9
11.5.1 Develop fragility curves of structures 56 17
0.5.2 De  lop beta factor of pipes 11 6
I1.5.3 Coordinate electrical and mechanical components
and fault trees 15 6
11.5.4 Coordinate responses and fault trees for piping
systems 54 14
1L.6.1 Compute responses of structures and piping systems 62 21
62 Compute probabilities of failure of AFWS and
23 RS

wdentify weak links






PROJECT 11, SAN ONOFRE NUCLEAR GENERATING STATION
AUXILIARY FEEDWATER SYSTEM ANALYSIS

A Accomplishments
Work on this project continued only until January 31, 1982, when LLNL was directed by the

NRC 1o stop the analysis effort, The accomplishments for each subtask up to this time are as follows:

Progect Planning and Management  Additional information for SONGS-1 was received during this
quarter. It included the data for piping, fixed-base analysis, and design response spectra of the reactor
building at several selected points, together with other miscellancous data. A team of LLNL personnel
met with SCE and Bechtel on December 21, 1981, The subject of this meeting was Piping Information
and Piping Response Comparison. We concluded that the most efficient way to gather piping information
was 1o visit the SONGS Unit 1. We also discussed the piping response comparisons. The following re-
sponse quantities should be compared:

Piping components: resultant moments

Active valves: resultant accelerations

Piping supports: forces and/or moments

Equipment nozzles: nozzle loads (forces and moments)

On January 20, 1982, we attended the presentation on “SONGS Unit 1 Masonry Wall Evaluation™
by Computech Engineering Services at the NRC in Washington, DC.

Task 11.1.1. Soil Model Development  Development of equivalent linear soil properties for use
in the response comparison and seismic nisk analysis was completed.

Task 11.1.2. Structure Model Development  Structure model development proceeds in several
steps:  examination of the structural drawings and coding the model, debugging the model, eigenvalue
extraction of the fived-base structure. preliminary stress analysis for fragility assessment, independent
roview and benchmark of model with SCE results, and specification of all fragility, system, and sub-
system requirements for response output from the SMACS analysis. SONGS-1 structure model develop-

ment proceeded as follows:

. Sphere enclosure building, containment sphere, and reactor building Each structure
was being modeled separately in accordance with the input requirements of SMACS. Effort
during the reporting period was devoted to benchmarking the reactor building model with
SCE/Bechtel results, The modeling details of the SCE/Bechtel reactor building were match-
ed as closely as possible to permit a valid model comparison. The resulting fixed-base
frequencies were compared. and significant frequencies were found to be within 15% of
cach other. Remaining differences in modal analysis results were attributed to differences
in modeling approach. A refined model of the containment sphere was developed to define
more accurately the stress distribution near the sand/shell transition area. Both static and
dvnamic analyses were conducted to verify the adequacy of the new model. The reactor
building and the containment sphere models were used in Task 11.2.2.

. [urbine building I'his building includes five separate structures on five interconnected
foundations, plus the fuel storage building foundation. Three of the five were of detailed
interest  the turbine pedestal, north turbine extension, and west feedwater platform.
Models of the turbine pedestal, north turbine extension. and west feedwater platform were
completed through the eigenvalue extraction stage during the quarter. The latter two models
reflect design modifications provided by SCE/Beciitel. These design modifications are
preliminary in the sense that the feasibility of field implementation remained to be evalu-
ated. The south turbine extension model was revised to reflect the major equipment load
data provided by SCE/Bechtel.
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. Fuel storage building — An ini*ti o saal extraction analysis using the model of the modified
fuel storage building was completed. However, at the request of SCE/Bechtel, the building
model was redefined to its unmodified configuration, that is, before Bechtel's proposed
design changes. A modal analysis of the revised model was not completed.

. Control-administration building The eigenvalue extraction was completed during the
reporting perniod, and a preliminary comparison of fixed base frequencies with Bechtel's
results was made,

Details of the development of all structural models will be included in the project’s final report.
Task 11.1.3, SSI Model Development — This task is proceeding as follows:

. Reactor building/containment sphere — The final impedance and scattering matrices for
the partial spherical foundation of the containment sphere/reactor building were completed
for the 0.67-¢ acceleration level. These final results reflect a finer soil discretization and
frequency interval than shown in our preliminary results. The preliminary values were
smoothed to better match expected soil variations. The results were used in Task 11.2.2.

. Other buildings Sensitivity studies of the spatial discretization of the foundation im-
pedance models for the turbine pedestal and several column footings were completed.
Foundation models of anchor blocks Nos. 1 and 2 for the turbine building and for the fuel
storage building were constructed, and similar sensitivity studies were conducted. A modi-
fied version of the computer program (SSIN), received from Prof. H. L. Wong, is capable
of solving the SSI response problem for structures supported on multiple foundations.
[his version is presently being implemented at LLNL. Work was stopped on detailed model-
ing of the turbine building foundations pending receipt of foundation modifications from
SCE/Bechtel.

Fask 1L.2.1, Time History Development — This task has been completed.

Task 11.2.2, Computation of Seismic Responses of Structures Due to Different Input Spectra
Using the dynamic characteristics of the reactor building and containment sphere defined in Task 11.1.2
and the impedance and scattering matrices developed in Task 11.1.3 for the partial spherical foundation,
response analyses were performed for three definitions of the free-field ground motion at the SONGS
site. In each case, thirty sets of time history records defined the input motion. The time histories were
targeted to the SONGS Unit | seismic reevaluation response spectra, the SONGS Units 2 and 3 design
response spectra, and the average of these two.

Task 1124, Comparison of the Seismic Responses of Structures and Piping Systems with the
Design Results  Using the time history response from Task 11.2.2. mean in-structure response spectra
were calculated at seven points in the reactor building and compared with SCE/Bechtel design spectra.
Median values of stress components at two locations on the containment sphere were also compared
with SCE/Bechtel design calculations. Compared to our SMACS analysis (based on input time histories
derived from spectra targeted to the SONGS-1 seismic reevaluation spectrum), the SCE/Bechtel design
results envelop those of SMACS over the entire frequency range. As a general trend, the SCE/Bechtel
results also envelop the SMACS results that used both the SONGS Units 2 and 3 design spectra and the
average spectra as seisniic input. The exception occurs at lower frequencies where the resonant frequency
ot our coupled soil-structure system occurs in conjunction with a much higher spectral amplification
in the Units 2 and 3 design spectra,

Task 1L3.1. Earthquake Occurrence Model Development  Considerable progress has been made
on this task. Our consultant has completed a report on the assessment of active faults and maximum
carthquakes ot the Southern Celifornia-Northern Baja region adjoining the SONGS site. A study of the
seismic activity rates using the historical earthquake history develeped by us indicates that we will have
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PROJECT i
SENSITIVITY STUDIES
FIN AO126

Personnel

NRC Program Mana... " J. Guzy

NRC Project Manager: D. J. Guzy

Contractor: Lawrence Livermore National Laboratory
LLNL Project Manager: J. k. Wells

Objective

To determine imitially the relative contributors to scismic risk at the Zion site, using the building

and component mechanical responses and the fragility database developed previously. These studies
will identify any additional models or model refinements required and provide a preliminary indication
of which components, safety systems, and accident sequences tend to contribute most to seismic risk
at Zion. The results will play an important role, identifying areas to which significant validation effort
should be devoted in the remainder of the SSMRP program.

Task Description

ment.

Sensitivity studies will be performed in each area of the calculational chain for seismic risk assess-
Specific tasks are described below.
Task 1.1 Ground Motion Model Sensitivity Studies

I'he objectives of this task are twofold. One is to develop alternative ground motion models
to bound the potential systematic difference between castern United States and western United
States ground motion models. Distributions and bounds for the key parameters of ground motion
models will be developed. The other objective is to develop confidence bounds. We will assess the
impact these vanations have on the definition of the seismic hazard in terms of the joint proba-
bility of a and f;, and use these results with expert opinion to obtain a first approximation for
confidence bounds on the seismic hazard. This task will require extensive regiession analysis and
carthquake modeling studies.

Task 111.2 Influence of Ground Motion Earthquake Occurrence Models on Time Histories

In Phase | we assumed that changes in the earthquake occurrence model or ground motion
model would only primarily alter the probability of getting a given PGA range and only have a
minor effect on the set of tume histories used for the given PGA range. This assumption needs to
be verified, or corrections should be made to the Phase 1 results. The objective of the task is to
determine if it 18 necessary to generate new time histories v hen major changes are made in either
the ground moton or the carthquake occurrence model or in both models. We hope to verify that
the same time histories can be used and the influence of the changes in the model accounted for
by only changing the hazard curve (probability of getting a given peak ground acceleration and
comer frequency).

lask 111.3  SMACS/SSI Sensitivity Study
I'he objective of the sensitivity studies is to mvestigate the adequacy of the assumptions of
the Phase | model and their effect on structural response and probability of radioactive release.
Lhree key items require additional consideration:
l. Flexible basemat for the Zion Auxiliary-Fuel-Turbine (AFT) Building — model the
AFT foundation as a series of interconnected rigid blocks to approximate more
closely the physical situation,

P Structure-tosstructure interaction mclude structure-to-structure interaction in
computing structural response for seismic risk assessment of Zion Unit |.
3 Effect of local nonlinear behavior (soil-structure separation) — its effect on structural

response will be assessed.

31






“l‘ ) [

t L1 Sch

11‘11\'

I ASK

FY X3

ML)

M A

M

1.1 3]

{3
SMACS SSI nsitivity study

,‘
("

i
Sensitivity anatysis witl

SEISIM

;A 14




Project 11 Milestone Dates

Original Revised

Target Target Completed
Milestone Date Date Date
Initiate the extension of the data set 10-1-81 10-11-81
developed in Task 2.1 of Phase | to include
spectral data and sclection of possible ground
motion models to be investigated
Initiate the development of ranges for earth- 11-1-81 11-1-81
quake parameters needed for model studies
and start prelimmary model studies
Complete data set and model selection and 3-1-82 3-1-82
start necessary regression analysis
Complete choice of distributions and start 2-1-82 5-15-82
tinal carthquake model studies
Start combined assessment of both earth- 6-1-82
quake modeling study results and regression
analysis results on hazard curves
Completion of results 9-30-82
Start selection of ground motion model, 10-1-81 10-1-81
earthquake occurrence models to be studied
Complete selection of models and start 12-1-81 5-15-82
development of spectra and time histories
for selected models
Start preliminary assessment of influence on 4-1-82 5-15-82
time histories and selection of sets to be
sent to SMACS for evaluation
Sets of time histories sent to SMACS for 6-1-82 8-1-82
final evaluation
Initiate flexible foundation study 10-1-81 10-1-81
Initiate evaluation of structure-to-structure 2-28-82 2-1-82

interaction, local nonhinear analysis
assessment for Zion
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Project 11l Milestone Dates

(continued)
Original Revised
Target Target Completed
Milestone Date Date Date
3.13  Complete tlexible foundation and structure- 6-30-82 9-30-82
tosstructure interaction assessment for Zion
314  Piping sensitivity study completed 8-1-82
315 Draft report on piping sensitivity study 10-1-82
transimitted to NRC
316 Sensitivity studies using Phase | data complete 6-30-82 7-30-82
3.17  Duaft report on SEISIM sensitivity analyses 1-1-83
transmitted to NRC
Subcontractors

Structural Mechanics Associates (SMA)
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Project 111, FY 82 Cost Breakdown

Amounts ($1000)
lask FY 82 YD
Budget Spent
1IN Ground motion model sensitivity studies 85 27
.2 Influence of ground motion earthquake
occurrence models on time histories 20 8.2
13 SMACS/SSI sensitivity study 90 324
14 Sensitivity study on piping support
behavior and damping 90 3.7
15 Sensitivity analysis with SEISIM 110 23
6 Project coordination S0 23
lotals 445 117.3
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Project IV Milestone Dates

Original Revised
Target Target Completed
Milestone Date Date Date
4.1 Confidence intervals and bounds probability 10-1-82
4.2 Complete SEISIM computational procedure 9-1-82
43 Random vs. modeling uncertainties separated 7-1-82
for all fragility curves
44 Fault trees culled probabilistically 5-1-82
4.5.1 Piping models developed 3-1-82 5-1-82
4.5.2  Fault trees coordinated 5-1-82
46 Compiete SMACS development 10-1-82
4.7 Fragility Phase I Final Report 5-1-82
4.8.1 Local site effect considerations — data review 5-1-82
4.8.2 Analytical model for Zion development 7-1-82
complete
4 8.3 Compare analytical results and recorded 8-30-82
data
4 8.4  Documentation of results from local site 10-30-82
condition study, draft report transmitted
to NRC
4.9.1 Final Zion risk evaluation 11-1-82
492 Final report 1-15-83
Subcontractors
i Structural Mechanics Associates (SMA)
2. FG&G Ine
3 Howard Lambert (consultant)
4. Science Applications Inc. (SAD
5. Professor George Apostolakis, UCLA
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PROJECT IV, COMPLETION OF ZION RISK ASSESSMENT

A. Accomplishments
Task IV. 1. Confidence Intervals Development in SEISIM - The completed work included a review
of various methods to determine potentially available computer confidence intervals on failure and
release probabilities. Four of these were selected for further evaluation. The inputs for confidence limits
computations have been agreed upon. The methods selected for Zion are being developed and pro-
gramnied in the SEISIM code.
Task IV.2, Complete SEISIM Computational Procedure  The following were completed durnng
the report period:
I. Bimbaum’'s component importance measure (derivative of top event probability with
respoect to component failure probability) was programmed. The Vesely-Fussel importance
measure compares well with Bimbaum’s measure.

: A preliminary Monte Carlo version of SEISIM was programmed. It is being incorporated
into SEISIM during the next quarter and includes three statistical confidence limits on the
release histogram,

3. Programming of SEISIM part 2 (sensitivity and importance analyses).

4. A more efficient method to compute the sensitivity measure of release probabilities to
changes of component strength and response parameters, including correlation.

5, Programming of statistical ranking of importance measures involved over all earthquake
levels

Task 1V.3. Modeling vs. Random Uncertainty for Fragilities -~ To compute confidence intervals
on SEISIM probabilities. uncertainty in inputs must be quantified. The inputs are response and fragility
parameters, random component failure probabilities, and the seismic hazard curve. We quantify the
uncertainty in response and fragility parameters by specifyving joint probability distributions for them.
We guantify uncertainty in random component failure probabilities by specifying beta distributions for
them. We quantify upcertainty in seismic hazard by specifying alternative seismic hazard curves and
probabilities tor each.

Task IV.4. Probabilistically Cull Fault Trees — All fault trees are being culled to throw out mini-
mal cut sets according to thcgolluwing rules: (1) the minimum probability of any basic event is less than
some value, for example, 1077, or (2) the product of all basic events is less than some value, for example.
10-10.

Ihe definition of basic event is the occurrence of component failure and earthquake per year. The
culling will be completed next gquarter.

Task IV.5, Develop Additional Zion Piping Models  Four models for the piping running from
steam generators to the turbine driven auxiliary feedwater pump were developed. These four models
and the auxiliary feedwater piping models developed in Phase | are considered to constitute all the
maodels required for the auxiliary feedwater system of Zion Unit 1.

Piping, fault tree coordination was initiated during the report period.

Task IV.6, SMACS Software Development  No activity.

Task IV.7. Fragility Phase | Final Report ~ No activity.

Task IV.8, Analysis of Local Site Conditions — The task was initiated during the report period.
Available empirical data obtained from earthquake and nuclear expiosions were reviewed. Several sites
were selected for data analysis. Ideally, three types of recorded data from sites experiencing one or more
carthquakes are sought: records on soil sites and nearby rock sites, records from downhole arrays. and
records on horizontal live arrays or concentric ring arrays. Initial work concentrated on the 1976 Friuli
carthquake. which falls in the first category above. In the 1976 Friuli earthquake, one rock outcropping
station and three nearby soil stations recorded five strong aftershocks with magnitude 4.4 to 6.1 that
will be used

A computer code capable of correcting the baseline uncorrected accelerograms has been devel-
oped. Development of a secona computer code to compute the transfer functions and spectral ratios
on the basis of earthquake records was initiated.
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Task 1V.10, Project Coordination  This task concentrated on project planning and searching for
methods to compute confidence intervals on faillure and release probabilities. A meeting was held to
discuss the candidates of methods to compute confidence intervals.

Next Quarter
In the next quarter we will:

] Continue the development of confidence intervals in SEISIM.

2 Continue incorporating scceleration-dependent containment isolation valve failure pro-
bability 1in SEISIM and development of machine independent versions of SEISIM computer
code.

3. Develop procedures tor delineating random and modeling uncertainty for the fragilities.
The programming required to implement these procedures on SEISIM will be started during
the next quarter.

4 Complete probabilistic culiing of all fault trees.

S Complete the generation of additional piping model and piping/fault tree coordination for
these piping models.

6. Add an option to SMACS for modifying mput tme histories to account for local site
effects. This modification, to be done in the frequency domain, will require as input
matertal properties of the soil layers.

7 Complete the Fraglity Phase | Final Report,

8 Complete the data review of local site condition considerations.

9 Complete the analytical model for Zion development,

Concerns

I Techmical
None.

o Schedule
None

3. Cost
None

Meeting Attended

March

26, 1982 Confidence Intervals discussion, Lawrence Livermore National Laboratory,

Ly ermore. California, attended by D. L. Bernreuter, M. P. Bohn, k. Carpenter, G. E. Cummings, L. L.
George. R Mensing, W. J. O'Connell, P. D. Smith, R. M. Thather, J. E. Wells and J. J. Johnson (SMA).
C. A Comell (Dept. of CE, Stanford University), J. Collins - Consultant (formerly of J. E. Wiggins),
R. W Wolff (Dept. of IE & OR, UC, Berkeley).

L

Reports Released
“Seismic Satety Margins Research Program, Phase | Final Report - Soil Structure Interaction,”
Lawrence Livermore National Laboratory, UCRL-53021, Vol 4, NUREG/CR-2015, Vol. 4.
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Project V Milestone Dates

Original Revised

Target Target Completed
Milestone Date Date Date

5.1 Review of building design and SSI 9-1-82
methodologies complete

8.2 Calibration factors derived from Zion analysis 12-1-82

53 Recommendations for simplified building 2-1-83
response made

54 Review of piping design methodologies 9-i X2
complete

23 Calibration factors derived from Zion, 12-1-82
SONGS analy ses

5.6 Recommendations for simplified piping 2-1-83
response made

5.7 Generic PWR accident sequences identified 9-1-82

5.8 Review of typical PWR safety systems 9-1-82
interactions completed

59 Functional PWR fault trees identified 11-1-82

5.10  Final comparison for Zion between 3-1-83
simplifiec methods and Phase 11 results
complete

5.11  Final report 6-1-83
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PROJECT VI
VALIDATION OF SSMRP METHODOLOGY
FIN AO126

Personnel
NRC Program Manager: D. J. Guzy
NRC Project Manager: D. ). Guzy
Contractor Lawrence Livermore National Laboratory
LENL Project Manager: L. E. Cover

Objective

I'he objective of this project is to provide ongomng assessment and overall validation of the tools
and methodology developed i the SSMRP. This includes evaluation and update of the seisimc and
fragiity databases, quality control and benchmarking of the computer codes, and validation of the
entire cale dlational scheme by companison with actual data where possible. Potential data sources for
such overall validation are the ongoing tests being performed at the HDR facility in W. Germany (in
which the NRC is an active participant), tests at the Indian Point Power Plant in the Urited States, and
(possibly ) data from the Ochiba field station tests in Japan.

A major effort begun in FY 81 and continuing through FY X2 and beyond will benchmark the
tragility curves developed from the expert opinion survey prepared in FY 80. A large part of this effort
will be to obtain data from sources identified during the expert opinion survey performed in FY 80 and
to seek new sources of data existing outside the nuclear community. To understand the data and its
relation to the preliminary fragility curves developed in Phase | of the SSMRP, a number of consultants
will be retained. The experts will be selected from those expressing both interest and evident capability
to participate further in the expert opinion survey.

Task Description

Task VI.1  Fragility Data Gathering and Reduction

The effort to obtan and correlate existing fragiity data will be completed. Data will be
sought from two main sources. The first source is the component manufacturers and independent
testing laboratories who indicated that they had access to failure data during the expert opinion
survey . The second source 1s known testing programs associated with U S. military site-hardemng
and crashworthiness programs. The data obtained will be compiled and compared with the pre-
liminary fragiity curves developed trom expert opinior during Phase 1. The data will be used to
benchmark the preliminary fragility curves developed in Phase | and to resolve a number of ques-
tions identified in Phase 1. as described in Task V1.2,

lask V1.2 Benchmaik and Revise Fragility Descriptions

A number of auestions have been wdentified concerning the results of the expert opimon
survey. The questions must be answered before we can use the fragility curves in a calculation of
magnitude of seismic hazard. Especially important are (1) whether the identified generic categornies
are too broad and the present uncertainty in fragiity would be reduced by a finer resolution in
genene category definition, (2) the wide spread in fragility levels associated with different defini-
uons of failure from different expert opinion respondents, and (3) whether the independent
fragility parameters ace truly those most applicable to falure or were chosen because they were
most convenient foi specification of qualification testing.

lo answer these and other fundamental questions and to benchmark the fragihty curves
developed for Phase |, experts will be identified for cacin genernic category. These experts will have
experience with the performance of the components involved. They will review the data obtained
in Task VE 1 and new data as it becomes available, review their own data sources, and help evaluate
the data to see whether it apphies to seismic loading conditions and resolution of the questions
raised above, This 1s a continuation of a task begun in FY 81




After incorporating all new data and after the re-evaluation and revision of the fragilities.
the resulting fragility curves used for the final Zion risk analysis will be documented in an update
of the Phase | Fragility database report.

Task V1.3 -~ Fragilities Panel
I'he present panel will continue to review and guide the entire fragilities effort. The panel
consists of:

Spencer H. Bush Battelle Pacific Northwest Labs
Robert P, Kennedy Structural Mechanics Associates
George D. Shipway Wyle Laboratories

John D. Stevenson Stevenson & Ausociates

Jerrell M. Thomas Failure Analysis Associates

Peter P. Zemanick Westinghouse Electric Corporation
Everett C. Rodabaugh E. C. Rodabaugh & Associates. Inc.

The panel made an outstzuding contribution to the direction and scope of the fragilities
definition work performed in Phase I, and their continued involvement is considered essential.

lask VI.4  Structural Damping

I'he objective is to review and assess structural damping data presently available. We will
categorize existing data in natural groupings. identify deficiencies, and recommend additional
testing,

The approuach is to acquire and assess data. Work wiil include identification and acquisition
of damping data and the review, evaluation, and categorization of the data. Particular emphasis
will be placed on soil-structure interaction effects, structural types (material, type of construction,
plan-height), and the excitation (type and level).

This task. a jo. t effort partially funded by LLNL, consists of a Ph.D. thesis of an LLNL
employee.

Task VLS ~ Time Series Modeling Alternatives

Currently available methods to generate time histories simply try to match only the Fourier
amplitude spectrum. Thus, such approaches may not be an adequate representation of the set of
real time histories from carthquakes. To overcome this problem in Phase 1. we began a research
effort to study the time series directly. One model commonly used to study time series is the
ARMA model. While considerable progress was made, it was not possible to complete our effort.
Hence for FY 82 the objectives of this task are to (1) complete the ARMA model started in Phase
1. (2) develop new sets of time histories using overall hazard models of Phase | for input to
SMACS. and (3) assess the importance of the correlation between carthquake components in time
series modeling,

lask VI.6 - Program Coordination

T'o provide coordination between projects within the SSMRP and coordination with outside
projects whose work is related to the tasks and goals of the SSMRP.
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Project VI, FY 82 Cost Breakdown

Amounts (51000)

Lask FY 82 YD
Budget Spent
Vi Fragihity data gathenng and reduction 73 0
vi.2 Benchmark and revise tragihity descriptions 71 214
Vi3 Fragilities panel 30 23.2
Vi4 Structural damping 30 28
VIS lime senes modeling alternatives 40 13.3
Vi Program coordination 50 17
l'otals 294 102.9
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D Meetings Attended
February 23-24, 1982, SSMRP Fragility Panel meeting at Livermore (see Task V1.3 above)

1§ Reports Released
None
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