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This final progress report describes the accomplishments of the San Onofre
;

Nuclear Generating Station Unit 1 (SONGS-1) Auxiliary Feedwater System (AFWS)*

| Project of the Seismic Safety Margins Research Program (SSMRP). The project

was started on May 1,1981 and terminated by 'i.he Nuclear Regulatory Com:nission
I (NRC) on January 29, 1982. This report also briefly presents the progress of

this project.

Le development of the structural and piping models for SONCS-1 was almost
completed. Piping fragility data generation and fault tree development for
the ATJS were completed. he. synthetic time histories targeted. to three
spectra: the SONCS-1 seismic reevaluation spectra; SONGS Units 2 and 3 design

spectra, and the average of the two, were generated. The SSMRP methodology
was utilized to compute the seismic responses of the reactor building complex

;

! using these time histories as the seismic excitation. The seismic responses

have been compared with the SONGS-1 seismic reevaluation results provided by
the Southern California Edison Company (SCEC)/Bechtel Power Corporation. In

geceral' the SCEC/Bechtel results enveloped the Lawrence Livennore National,

Labora to ry 's (LLNL's) results due to all three target spectra,m,entioned
above. The only exception appears in the in-structure response spectra of

~

several selected points in the reactor building. The LLNL's spectral

accelerations in the low frequency range of these spectra due to SONGS Units 2

& 3 design spectra exceeded the SONCS-1 seismic reevaluation results. This ,

'

ef f ect may be interpreted as a result of the strong motions in the low
i

frequency range of the SONGS Unit 2 & 3 design spectra. Significant progress

toward the development of a seismic hazard curve for the SONGS site and the
time histories (associated with this hazard curve) required for the
probabilistic si;udy of the SONGS-1 has been made. Substantial progress has

also been made toward the generation of structural fragility curves. All the
design data and drawings obtained from SCEC and the computer files generated

by LLNL and its subcontractors are stored in a retrievable manner. ,
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SECTION 1: INTRODUCTION-

The esismic qualification requirements for the auxiliary -feedvater systems
,

(AFWS) of Pressurized Water Reactors (PWR's) were developed over a number of

y ears. These requirements are formalized in.the publication, General Design
Criteria, Appendix A to Title 10 of the Code of Federal Regulation (CFR) Part
50. Cuidance for the implementation of these requiressents was published in

1972 as Regulatory Guide 1.26 (Quality Group Classifications and Standards for
Water, Stears, and Radioactive Waste Containing' Components of Nuclear Power

i

Plants) and as Regulatory cuide 1.29 (Seismic Design Classification).
Although both guides identified that the AFWS is important.to safety and~

[ required protection against a seismic event, the full recognition of the AFWS
as an engineered safety feature (ESP) did not occur until pubilcation of the

-6

Standard Review Plan (SRP) in 1975. Efforts to deterinine how to backfit
seismic requirements to earlier PWR plants have been undertaken primarily in
the Systematic Evaluation Program (SEP) for a limited number of operating
PWR's.

The n ree Mile Island Unit 2 (TMI-2) accident in 1979 further focused
attention on the importance of decay heat removal systems inSe'neral, and on
the AWS in particular. The Nuclear Regulatory Connaission's (NRC's) Of fice of

Nuclear Reactor Regulation (NRR) has developed and implemented several
,

i short-term improvements related to the AFWS, via the Bulletins and Orders Task
~

I Force, Lessons Learned Task Force, through the Division of Licensing. In the

I course of the development of the TMI-2 Action Plan it was concluded that these
i short-term changes were sufficient until a comprehensive, three year study ofI

decay heat removal system requirements was completed (TMI-2 Action Plan Items
II.E.3.1, II.E.3.2, II.E.3.3, and II.E.3.4). However, the seismic

;

!. qualification of the AWS was not directly addressed by the above Task Forces,
and thus this area remained a potential safety issue for the PWR plant
operation during the period of time needed to complete the Action Plan studies

e

and any subsequent modifications. In July,1980, the NRC staf f completed a
1brief risk study of seismically induced losa-of-decay heat removal for

t plants without a seismically qualified AFWS. The review of this risk study

was completed by the Lawrence Livermore National Laboratory (LLNL) and

,

e
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l d d that a ,more detailed study sh'ould be conducted. -Based on the --conc u e

results of this brief study and until a more detailed study. is available, NRC'
,

decided to permit continued operation of PWR plants without th's AFWS qualified
.

for current s tandards (i.e. , R.G.1.26, R.G.1.29, R.G.1.60 and etc. ). Bis

decision reflects, in part, .the consideration to preserve the continuity of
the SEP and the TMI-2- Action Plan which may call for changes -in the area .of

decay heat removal. It is not desirable to implement unnecessary or

marginally 2ecessary changes while these more comprehensive programs are

underway.

In December, 1980, the Office of Nuclear Reactor Research (RES)
3 4 1

requested that LLNL develop a work plan h a @ abilistic study on th
AWS and its related systems for the San Onofre Nuclear.Cencrating Station
Unit 1 (SONGS-1) utilir.ing the tools developed by the Seismic Safety Margins
Research Program (SSMRP).5 Hereaf ter, the "AFWS" may be l'oosely ref erred to i

,

as the AFWS and its related systems: condensate storage system; electric-
g ,

power; auxiliary steam supply; and service water and fire protection system.6

De work plan was approved by NRC on May 1,1981, and the SONGS-1 AFWS Project
.

.

'

was formally established.
1 *

The SONCS-1 is a three-loop PWR plant and the net electric output is 436'

MVe. He nuclear steam supply system (NSSS) was provided by the Westinghouse-

'

Corporation. The plant is jointly owned by the Southern California Edison
Company (SCEC) and the San Diego Cas,and Electric Company. It was designed .

'

; - and constructed by B'echtel Power Corporation in the 1960's, and located at San

f Onofre (about halfway between Los Angeles and San Diego), Californis. The
! operation of the plant began in January,1968. The original seismic design
1 criteria was based on a 0.5 g Housner spectra for the design basis earthquake
$.

! (DBE). He plant is included in the SEP study and has been reevaluated for a .

criteria based on a 0.67 g modified Housner spectra.
Le objectives of the SONGS-1 AFVS project were as follows:"

:

o To evaluate.the conservatism in the SCEC/Bechtel seismic reevaluation-"

L
1 program.
!

', -

,

!
I
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To provide input to NRC licensing decisions on SONGS Unit 1 for theo

Balance of Plant Seismic Reevaluation Program (BOPSRP).

To . assist the NRC in addressing the generic' issue of the seismico
.

qualification requirements for AWS.
In order to accomplish these objectives, the following approaches are

taken as part of the SSMRP:
Compare the seismic responses of structures and piping systems of theo

IAWS due to different target spectra and the SONCS-1 seismic
reevaluation values provided by SCEC/Bechtet. ,

1
s Identify the weak links of the AFWS of SOHCS Unit 1.o-

.

Compare the probability of failure of the AWS of Zion Unit I witho

SONCS Unit 1.
I A parallel NRR effort which will determine the seismic qualification level

of the AWS of all operating PWR's, is currently being conducted at LLNL.
This effort is a part of NRC Multiplant Action Plan C-14 whose goals.are:

Identify deficiencies amenable to simple remedial actions.o

f Survey the plants to determine the extent and areas where significanto

improvements may be needed.

Complete re-analysis and/or modifications for those plants that do Co

I not have an AWS with demonstrated reasonable assurance of
| functioning following a safe shutdown earthquake (SSE).
i

| The SSMRP methodology was to be applied to the Zion Unit 1 and SOHCS Unit
i

! I auxiliary feedwater systems in the same level of detail. Steps in the
methodology can be broadly outlined as follows:

Definition of the earthquake has:ard and generation of time histories.o

Calculation of plant response by the SMACS (Seismic Methodology Chaino

with Statistic) program , which entails calculation of
;

I soil-structure interaction (SSI), the responses of structures, and

the responses of subsystems, e.g. piping systems.
Evaluation of failure, which requires definition of the fragilities{ o

of structures, components, and systems, and a description of the'

j operation and interaction of components within the AWS.

v

f
k
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Vx one of th'a basic assumptions' of. the.vork plan:vas to utilize 'the SONCS-1.
~

r .-

, . . -' seismic design mo'difications existing .at the time the work plan .vas prepared.
#
i As the. work progressed, however, new modifications to the turbine and fuel'

| storage' building and their foundations: vere ~ identified, and were also
incorporated in accordance'with an NRC requestiduring_'th's site visit in June,

| . 1981. This caused's significant delay. In completing the ' project. , , ,

On January 29, 1982,- the analysis effort was terminated by NRC, becau'se it
became only marginally cost-effective to complete the analysis due to.

' '

constraints imposed by NRC licensing schedules.
This report documents the accomplishments of the project at the time that

the analysis was terminated. ' The format used in this report closely follows
that of the quarterly progress reports issued throughout the project. ,

.

This report contains four sections. In addition to Section 1 which
contains thi introductory material, Section 2 briefly describes the individual

~

;

[ tasks which comprise the SONGS-1 AFWS project. Section 3 contains information ;

~

regarding the accomplishments under each task, and Section 4 includes-

milestone charts and descriptions. Three appendices have also been employed
to provide detailed results documenting the various task accomplishments.t

Appendix A describes in' detail the structural response compaYison of the
'

: containment sphere and reactor building. Appendix B detailed the fault tree
development effort. Finally, the remaining incomplete tasks are elaborated in
Appendix C which provides the development of. piping models, earthquake

:

occurence model, ground motion model, beta-factor for pipe component and i

; structural fragilities.
,
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SECTION 2: TASK DESCRIPTIONS*

I
:
1
; Seven major tnsks, designated I' through VII, were identified for the
i SONGS-1 AFWS Project. Each of these tasks is described. in the following:-

|
1

| Task I--Develop the'Models for Response Computation
1

Task I develops the models for soil, structures, soil-structure interacton

(SSI) and auxiliary feedwater (AFW) piping systems. Existing models furnished'

by SCEC will be carefully studied to evaluate their efficiency. If it is
,

determined to be too inefficient to use the existing models due to, for
instance, the differences in computer programs, new models will be developed.

.

For the portion for which SCEC does not have existing models, new models will
have to be developed. There are four subtasks, which are described below.

;

Task I.1--Develop Soil Model,
Obtain and evaluate soil data for SONGS Unit 1. Equivalent linear soil

properties for system analysic vill be estimated.
. , ,

''
Task I.2--Develop Structural Models

Obtain, evaluate, and rerun the structural models furnished by
SCEC/Bechtel. The structural models for the SMACS analysis will be prepared.
The structural models will then be bench' marked against the models developed by

SCEC/Bechtel. Fixed-base eigenvalue analysis will be performed for model
comparison.

Task I.3--Develop Soil-Structure Interaction Models
The impedances and scattering matrices for soil conditions in the coopled

soil-structure system analysis vill be generated. The SSI models for SMACS

analysis will then be prepared.'

.

Task I.4--Develop the Models of the AFWS Piping System
.

Obtain the piping models for the AFWS from SCEC. Evaluate and rerun these
,

models. Create new models if necessary, e.g. , the portion of the AFWS not

'

..

o
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( recently modified, since the SCEC may not have existing models for this
[ portion. Identify the' support points in the structures of these models in

order to provide the input motions to the AW piping systems.
,

1
1 Task II--Compare the Seismic Responses of Structures and Piping Systems of the -

SONGS-1 AWS with the Seismic Reevaluation Results

Task II is to compare the seismic responses of structures and piping
}

systems of the AWS due to three different target spectra and the seismic,

reevaluation results furnished by SCEC. The three target spectra are:
I 1. SONGS Unit I seismic reevaluation (modified Housner) spectra.

f 2. The design (modified' Newmark & Hall) spectra for SONGS Units 2 and 3.
I
; 3. An average spectra of the above two.

j A set of synthetic time histories for each spectra vill be generated. The

f. analyses cf soil-structure interaction (SSI) analysis, structure housing the
i AWS, and the AFW piping systems will be performed using SMACS. The seismic

responses cf the structure and piping systems will then be computed. These-'

results will be compared with the seismic reevaluation results furnished by
SCEC. This task has four subtasks, which are described below.

Task II.1-Develop Seismic Input Time Histories for Dif fer'e'nt Target Spectra
A set of time histories will be generated for each target spectra as

centioned above. The response spectra of the time history will envelop their

target spectra, respectively. *

Task II.2--Compute Seismic Responses of Structures due to Different Target _

( Spectra

The seismic responses of structures will be computed for each target

spectra as described above. The input motions for the AW piping support
locations vill also be computed.

.

Task II.3-Compute Seismic Responses of the AW Piping Syste=s due to
Different Target Spectra

The input motions from the structures supporting the auxiliary feedwater
,

(AW) piping systems will be imposed on the AW piping models. The
multisupport time history analysis techniques vill then be utilized to compute
the seismic responses of the AW piping systems for each input target spectra
as described above.-

:

-11-.
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Task II.4-Compare the SMACS Results of Structures and Piping Systems with

Seismic Reevaluation Results
The results computed in Tasks II.2 and II.3 vill be compared with the

seismic reevaluation results' furnished by SCEC/Bechtel. This comparison vill
estimate the conservatism in the reevaluation analysis which was based on the

0.67 g modified Housner spectra.

Task III-Develop the SONCS Site Specific Seismic Hazard Curves, Spectra and

Time Histories
In this task, the seismic input required for both the systems analysis

(SEISIM) and structural analys'is program (SMACS) will be developed. SEISIM,

Seismic Evaluation of Important Safety Importance Measure, requires (as one of
its inputs) the annual exceedance probability of any level of peak ground
acceleration at the SONGS site. SMACS, Seismic Methodology Analysis Chain

with Statistics, requires (as input) sets of time histories which are
correlated with the hazard curve used in SEISIM. To develop this required

input, it is necessary to first develop an earthquake occurrence model which
gives the locations of the earthquake relative to the SONGS site and rate of
occurrence of various magnitude earthquakes. Along witV the earthquake

'

occurrence model, a ground motion model is also required <to predict the ground
motion at the SONGS site from an earthquake of a specific magnitude located at

a specific distance from the site. The earthquake occurrence model and ground

motion model are then incorporated into the hazard analysis program (HAZARD)

to generate the required input for SEISIM and SMACS. Three subtasks are

defined and outlined below.

Task III.1--Develop the Earthquake Occurrence Model for the SONGS Q
A range of earthquake occurrence models will be developed using both the

extensive geologic and seismological investigation carried out by SCEC. Th e

:

SCEC investigations will provide the basie zonation. Also a brief literature

! review will be conducted to develop a range of alternative models. Rates of

occurr ence will be estimated using both LLNL and SCEC data. Largest

carthquakes will be estimated using several approaches based on fault length,
strain rate, and so on. ;'

i
'

1

i

*
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Task III.2--Develop the Ground Motion' Model for the SONGS Site
Ground motion models vill 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 vill be performed to establish reasonable-bounds for correction.
factors. These vill then be applied to generic ground motion models to
account for focusing of seismic energy from nearby earthquakes. The models.

vill represent an extension of a project underway at LLNL for RES and an
analysis of near source ground motion. In addition to these model other
ground motion models will also be used.

j

Task III.3--Develop Hazard Curves and Time Histories for the SONGS Site
The HAZARD program developed in Phase I of the SSMRP will be used to

develop the seismic hazard and spectra at the SONGS site using the earthquake
occurrence and ground motion models. Sensitivity studies vill be carried out

,

to determine which faults contribute most to the seismic hazard. This

information vill be used to improve the model and reduce the uncertainty in

the estimates. Time histories will be generated from the spectra developed
7

from the improved model using the SEHQKE program developed by the Massachusett
Institute of Technology (MIT). -

!

I

Task IV--Develop the AFWS Fault Tree |

Task IV generates the fault tree for the AFWS of SONGS Unit 1. This task

vill also modify the AFWS Fault tree of Zion Unit I to be comparable to SONGS
Unit 1. The fault tree of the Zion-1 AFWS was trimmed down considerably due ;

to the size limitation of the SEISIM program, because there were other systems ;.

(e.g., residual heat removal, safety injection, and etc.) included in the
systems analysis. Since the AFWS is the only system considered in this
project, the level of the details of the Zion-1 AFWS fault tree could be
expanded. There are two subtasks for this task.

.

6
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Task IV.1-Develop Fault Tree of SONGS-1 - AFVS

The fault tree for the AFWS, including water supply to AFW pumps, electric

Tower buses, AFW pump discharge to steam generators, and the auxiliary steam

supply to AFW pump. turbine will be generated. The. fault tree will be analyzed
to minimize the cut sets. The human and maintenance failure' data, and
fragility related basic event-listings will also be generated.

Task IV.2--Modify the Fault Tree of the AFWS of Zion Unit 1
The AFWS fault tree for Zion Unit I will be modified to be comparable to

'

the one for SONGS Unit 1.. The fault tree of the auxiliary steam supply to the'

'

AFW pump turbine will be developed. These fault trees will be analyzed for

the input to SEISDH program.
4

Task V--Develop Fragility Data and Coordinate with Fault Tree
'Task V develops the fragility curves of the structures and the

beta-factors of the specific pipe sizes for the SONGS Unit 1 AFWS. Th e,

fragility data for electrical and mechanic 1 components of Phase I of the
SSMRP (which are generic in ' nature) will be uced to the maximum extent. Th e

fault tree will be coordinated with the. responses of the elehfrical and . .

mechanical components and the AFW piping systems. There aresfour subtasks as
described below.,

.

.
.

Task V.1--Develop the Fragility Curves for the Structures Housing the AFWS
Using loads computed in the structures as part of Task 11.2, the load

. paths, critical wall shear loads and collapse mechanisms will be examined to
determine the most likely modes of failure and corresponding fragility

These curves will include inelastic energy absorption throughcu rv es .

consideration of ductility factors. The building design specifications will
also be examined for any potential local f ailures which might af fect critical
AFVS components.

I
i

.

.
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Task V.2-Develop the Beta-factor for the Pipe Components of the AFWS
Pipi2g failure probability is determined by scaling the computed (SMACS)

response appropriately and then compared with a single master fragility
-

curve._ These scale factors (the beta-factors) must be determined for all pipe
sizes. A large number of these factors have already been derived for those
pipes in the Zion Unit 1. - However, some additional f actors will have to be
developed for pipe sizes in 30NGS-1 which were not needed in the Zion Unit 1

analysis.

Task V.3-Coordinate the Electrical and Mechanical Components of the AWS with

Fault Tree and Structure Responses

The location of the components (or groups of components) for each basic ,

event identified on the fault trees developed in Task IV.1 will be determined |
'

from either piping and instrumentation diagrams (P & ID's) or plant
inspection, and then a table correlating all these components with their !

locations and fragility categories will be prepared. The minimum set of

responses sufficient to provide the necessary SEISIM input for all the basic
events will be identified and correlated with the components on the fault

trees.
.

|
. i

Task V.4--Coordinate the Responses and Fault Tree of the Songs-1 AFWS
Coordinate the seismic responses and fault tree of the Songs-1 AWS. The [

beta-f actor technique , developed in Phase I of the SEMRP will be used to !

normalize the responses, i.e., resultant moments of pipes. Only those valves ;

Ior pipe components identified in the f ault tree of the AFWS. will be analyzed. I

I

Task VI-Identify the Weak L' inks of the AWS (
Task VI computes the probabilities of failure of the AWS of SONGS Unit |

I
1. The responses of structures and AFW piping syste=s will be computed by
SMACS. The probabilities of failure of the AFWS will be computed by the

~ *

SE1SIM program. The weak links of AFWS will then be identified. There are
two subtasks, as described below. ,

s

a
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Task VI.1--Compute the Seismic Responses of Structures and Piping Systems of

the AFWS

The responses of structures and AFW piping systems will be computed over a

range of earthquake time histories developed in Task III.3. These responses

will be coordinated with the basic events of the fault tree of the AFWS.
SMACS will be used to generate the response corresponding to its basic event
as an input to SEISIM.

Task VI.2--Compute the Probabilities of Failure of AFWS and Identify the Weak
Links

The hazard curves, SHACS's' responses, fragility data and fault tree will

be incorporated into the SEISIM program. The probabilities of failure of the
SONGS-1 AFWS will be computed. The initial dominance ranking vill be

produced, and additional dominance measures will be generated. The risk

contributors to the failure of the AFWS will be ranked to identify th~e weak

links of the AFWS of SONGS Unit 1.

Task VII--Ccmpare the Probabilities of Failure of the AFWS Between SONGS-1 and
"'

Zion ,1
<s

The probabilities of failure of the AFWS of Zion Unit i vill be computed.
The initial dominance ranking will be produced and additional dominance
measures will be generated. The risk contributors to the failure of the AFWS
will be ranked to identify the weak links of the AFWS of Zion Unit 1. Thes e

results will be compared to the results for SONGS Unit 1. .

.

4

.
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SECTION 3: -TASK ACCOMPLISHMENTS

,

PROJECT MANAGEMENT AND DATA RETENT).ON

The LLNL staff was instructed by NRC to terminate the analytical effort
related to the SONGS Unit 1 AFWS at the end of January,1982. All pertinent
information was filed in a retrievable manner. The following controls have

been employed to assure that efficient retrieval can be accomplished:

1. All published documents are retained in the LLNL Technical
Information Department Library.

2. Aperture cards of the design drawings obtained from Southern
California Edison Company and Eechtel Power Corporation are retained
in the LLNL Mechanical Engineering Department Library in a permanent

print file.

3. .Es,sential computer program and data files are being retain'ed in an'

indexed tape library file at the LLNL Computer Center. t

4. History and correspondence files are being retained in storage at the
LLNL Forms and Records Office. .

1

The accomplishments for each subtask (until the project was terminated)
'

are summarized, with supportive details either referenced in published
documents or included in the appendices of this report, as follows.

!

.

|
.

; .
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TASK I.1 - SOIL MODEL DEVELOPMENT

The purpose of this task was to obtain and evaluate soil data for
SONGS-1. Nominal soil properties (shear modulus and material damping) and
their variability were estimated. Major effort was concentrated on the 0.67 g
excitation level. The 0.67 g excitation level was of interest for two

to compare seismic responses of structures and AFW piping systemsreasons:
with the seismic reevaluation result; and as one excitation level for the
probabilities analysis of the SONGS-1 AFWS. The results of the 0.67 g
excitation level, in conjunction with selected analyses at other excitation
levels, were extrapolated to estimate soil properties over the entire range of

'

excitations for the risk analysis. A number of sensitivity studies were
performed (e.g., variation in soil material damping with bearing pressure.
shear modulus degradation with increasing strain level, etc.). The soil"

properties were used to develop the SSI models. Appendix A provides more

details on the development of soil models.

>

TASK I.2 - STRUCTURAL MODELS DEVELOPMENT

Structural models development proceeded in several steps beginning with
the initial examination of the structural drawings, proceeding to coding and
debugging of the model, eigenvalue extraction of the fixed-base structure,
preliminary stress analysis for fragility assessment, independent review and

''

ending with a benchmark comparison of the model with SCEC/Bechtel results.

Output requirements for later fragility, system, and subsystem analysis must
be specified. Details of the SONGS-1 structure model development are given in

Appendix A. A surmnary of the work follows.

1. Reactor Building Complex
.

The reactor building complex includes sphere enclosure building,
containment sphere and reactor building. Each structure was modeled
separately in accordance with the input requirements of SMACS. The

"
-18-

-_



- r

Jj i
sphere enclosure building model is completed through eigenvalue
extraction of the fixed-base modes (as required' for the SMACS

analysis). The containment sphere model, . including generation of
Preliminary stress information for assessing structural fragility,
was completed. The reactor building model was completed through the

stage of preliminary stress analysis for fragility assessment.
Benchmarking the reactor building model with SCEC/Bechtel required
extensive effort. The modeling details of the reactor building by
SCEC/Sechtel were compared as closely as possible to permit a valid
model comparison. The resulting fixed-base frequencies were compared.

and significant frequencies were within'15% of each other. Remaining
differences in modal analysis results were attributed to differences
in the modeling approach.

2. Turbine Building Complex
,

This building complex includes five separate structures, i.e.,

turbine pedestal, north and south turbine building extensions, and
east and west feedwater heater platforms. They are interconnected on

19.1

five foundations which also interconnect with the foundation of the
fuel storage building. Three of these five structures, the turbine

pedestal, the north turbine building extension, and the west
feedvater heater platform, are of interest because they house a

portion of the AFWS. Detailed models of these structures and the
sou,th turbine building extension were developed. The dynamic

characteristics of the east feedwater heater platform are similar to

the west feedwater heater platform, _and the same model was used.
These models reflect the latest design configurations at th e time th e

project was terminated. The equipment loadings were specified by .
SCEC/Bechtel. All .models were completed through the eigenvalue
extraction stage.

.

s
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3. Fuel Storage Building

' Initially, a model reflecting the proposed design modifications to
the fuel storage building was constructed and a modal (eigenvalue)
analysis' completed. However, further modification from SCEC/Bechtel
required additional changes. These changes were incorporated inte
the model, but no modal analysis was performed. Finally,

SCEC/Bechtel returned to the unmodified configuration. he

information for roof decking of the fuel storage building will be

required in order to change the modal to its unmodified
A

configuration. Derefore, no progress on modp1 analysis was
accomplished at the time the project was terminated.

4. Control-administration Building

The control-administration building model incorporated the latest set

of floor and equipment loads supplied by SCEC/Bechtel. We model was
.3s completed through the eigenvalue extraction stage. An

initial comparison was made with frequencies provided by
SCEC/Bechtel; however, no progress was accomplished to reconcile the
observed differences before the project was terminated.

TASK I.3 - SSI MODEL DEVELOPMENT

SONGS-1 soil-structure interaction (SSI) model development proceeded as

follows.

1. Reactor Building / Containment Sphere

These two structures are supported on a partially embedded spherical*

founda tion. Preliminary SSI models (impedances and scattering
matrices) were generated for the 0.67 g excitation level. Evaluation

of these preliminary results proceeded along several paths. Le

|
|

!

|

~
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uethodology vas benchmarked against known analytical and finite
ele:nent' solutions of a full hemispherical foundation 'In a uniform

half-space. Simpler cases were analyzed (e.g., rigid circular disk
on a layered half-space' and approximate solution procedures), and the
results compared. A sensitivity study of the effects of soil layer
discretization on the variation'in.1:spedances was made prior to

selecting the final soil profile and discretization used. Final

impedances and scattering matrices for the 0.67 g excitation reflect
a finer soll discretization and frequency interval than the
preliminary results. The preliminary values were smoothed to better .

match variations expe'eted due to smooth soit variability. The
results were used to compute the seismic responses of structures due -

.

to different target spectra. ,

1

'

i2. Other Buildings

The remaining SONGS-1 structures of interest (except the
control-administration building) are-supported by a complicated,
interconnected foundation. Although they are not connected thVobah

'

their super-structure, the five structures of the turbine buildbg
complex and the fuel storage building share portions of foundations
resulting in a complex structural system. SSI models were developed |
for the turbirie pedestal foundation, both anchor blocks, the fuel
storage pool, and several column footings. Sensitivity studies of ;

the spatini discretization of the foundation impedance models were [
:
i conducted. Selection of the final model configurations was based on ;

these studies. Appendix A describes in detail the work associated i

t

with this task. p
4

,

TASK I.4 - AWS PIPING MODELS DEVELOPMENT
.

|

This task was concerned with the development of models of the AW piping
1

; systems. Fourteen dynamic piping models were developed. They are: nine .

models for the discharge piping of 'the auxiliary feedvater (AW) pumps; one ,
'

;
.

$
'

r ~
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for the suction piping of the AFW pu=ps; two. for auxiliary steam supply
piping; and two for service water and ' fire protection piping.- The natural

.

frequencies and mode shapes for these fourteen piping models were computed.
The support locations for the fourteen models were identified and coordinated
with their location in the structure models in order co provide input motions
to piping systems. These piping models and the analytical methods used are
described in Appendix C.

TASK II.1 - SEISMIC INPUT TIME HISTORIES DEVELOPMENT

The goal of this task was to generate time histories for each of three
the SONGS Unit I seismic reevaluation spectra,.,the SONGStarget spectra:

i Units 2 & 3 design spectra, and the average of the two. Thirty sets of time .

histories (consisting of two horizontal components and a vertical component)
.

were generated for these three target spectra. They are all anchored at ,

0.67 g zero period acceleration (ZPA) in the horizontal directions and 0.45 g
ZPA in the vertical direction. Refer to Appendix A for details.

.

!

TASK II.2 - COMPUTATION OF SEISMIC RESPONSES OF STRUC'TURES DUE T0' DIFFERENT
t

-. ;INPUT SPECTRA
*

,

i

The seismic responses of the structures were computed for the three target ;

spectra described in Task 11.1. Using the dynamic characteristics of the ,

reactor building and containment sphere, and the impedance and scattering
matrices for the partial spherical foundation; response analyses were ||,

*;

performed for three cases of the free-field ground motion. The three cases ,f

corresponded to the three specified target spectra for the SONGS site. ,In
'

each case, thirty sets of time histories defined the input motion. The time

histories were targeted to the SONGS Unit 1 seismic reevaluation spectra, th e
SONGS Units 2 and 3 design response spectra, and the average of the two.

In-structure response spectra at selected points were generated for comparisoni

with SCEC/Bechtel seismic reevaluation results. Details of the response

analyses are given in Appendix A.
.

9

4

9

. .

i
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TASK II.3 - COMPUTATION OF' SEISMIC RESPONSES OF AFW PIPING SYSTEMS

h
| This task had not been initiated at the time 1the project was terminated,

because the piping systems are interconnected with different buildings and the
structural and-SSI models were not all completed.

*

TASK II.4 - COMPARISON OF THE SEISMIC RESPONSES OF STRUCTURfS AND AFW PIPIN'G

SYSTEMS WITH THE SEISMIC REEVALUATION

The results of the SMACS analyses were compared with' data generated'by
SCEC/Bechtel from a determini'stic analysis. The latter used procedures and

parameter values selected !or seismic reevaluation. 'It was performed by
SCEC/Bechtel with the SONGS Unit 1 seisaic reevaluation spectre anchored to

0.67 g ZPA.
Comparison with the SMACS analyses using time histories whose sp'ectra were-

targeted to the SONGS Unit I seismic reevaluation spectra, shows that the-

SCEC/Bechtel seismic reevaluation results envelop those of SMACS over the

entire frequency range. The SCEC/Bechtel results also envelop and are
u,,

significantly larger than the SMACS results computed using both -the SONGS
Units 2 and 3 design response spectra and the average spectra of SONGS-1 and
SONGS 2 & 3 as seismic input def *nitions in the amplified frequency range.
The exception only occurs in the lower frequency range where the SMACS results
due to the SONGS Units 2 and 3 design spectra exceeded the SCEC/Bechtel SONGS

Unit I seismic reevaluation results. Details of the comparison appear in

Appendix A.

TASK III.1 - EARTHQUAKE OCCURRENCE MODEL DEVELOPMENT

Considerable progress was made on this task. A report on the assessment
of active faults and maximum earthquakes of the Southern California-Northern

0Baja region that adjoins the SONGS site has been completed. A study off

the seismic activity rates using the earthquake history indicated - that
activity rates would have to be determined from estimates of the geological
slip rate for the various faults. The required slip rates and the zones for
the hasard assessment model were developed. Details of the earthquake

occurrence model development are described in Appendix C.
.

*
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TASK III.2 - GROUND MOTION MODEL DEVELOPMENT

To obtain improved estimates of the ground motion in the near-field, the
effect of various schemes of weighting the near-field data were explored.
Various scaling schemes were found and led to significant differences in the
ground motion estimates, particularly for larger magnitude earthquakes.
Several models will be used in the hazard analysis, since it was difficult to
choose one model over another. Details of the development of the ground

motion model are described in Appendix C.

;

TASK III.3 - RAZARD CURVES AND TIME HISTORIES DEVELOPMENT

Preliminary work on the task of incorporating the ground motion models,
developed in Task III.1 into the computer model was underway at the time the
project was termicated. No hazard curves or time histories were obtained.

TASK IV.1 - SONGS-1 AFWS FAULT TREE DEVELOPMENT

The objective of this task was to gener'a'te a fault tree for the SONGS
AFWS, including the water supply to AFW pumps, electric power buses, AFW pump
discharge to steam generators, and the auxiliary steam supply to AFW pump
turbine. A fault tree for the SONGS Unit 1 AFWS was developed. Appendix B
contains the top levels of the fault tree.. The remaining data are stored in

the files at LLNL. The model includes the AFWS as well as those portions of
other systems (condensate storage, auxiliary steam supply, electric power,
service water and fire protection) which relate to the AFWS. This work has
been documented in the report on fault tree modeling of AFWS.'

The f ault trees were drawn down to the component level, i.e., valves,

pumps, pipe segments, etc. The different failure modes of such components

were considered to be primary events of the fault tree. The top event was

chosen to be: " Insufficient cooling of the steam generators during required

operation of the AFWS."

,
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he fault tree was analy:ed using the WAMCUT and FTAP programs.10 g,

doubles, i.e., cut sets .that contain two basic events, generated by this
_

analysis are shown in Appendix 5. The basic event coding scheme is described

in Appendix E of.'the Phase I final report of SSMRP. The remaining minimum cut
.

sets are on fil's at LLNL.
.

TASK IV.2 - ZION UNIT 1 AFWS PAULT TREE MODIFICATION

Modifications were performed on the Zion Unit 1 A W S fault tree to make it
comparable to the SONCS Unit 1.' h e modified fault tree covers all the
AFWS components plus the headers of the service water system (SWS), which
connect to the suction of the AW pumps, up to the common SWS main header.
Le fault tree for the auxiliary steam supply to AFW pump turbine was also
generated. These fault trees were prepared for analysis with the FTAP program.

TASK V.1 - STRUCTURAL FRACILITY CURVES DEVELOPMENT

The SONGS Unit I structures evaluated in this study included the reactor

building, containment sphere, sphere enclosure building, control ,,
'

administration building, diesel generator building, turbine pedestal, north
'

turbine building extension, west feedwater heater platform, and the fuel
storage building. Structural failure is defined as occurring when inelastic

deformations are of sufficient magnitude to potentially interfere with the

operability of attached equipment. Wh'en complete these analytical fragility
relations provide the correlation between earthquake input and structural
failure.

The methods used in the structural fragility development and the r9sults

are described in the report on seismic structural fragility investigation on
the SONGS-1.1 Only fragilities (median structure strengths and
variabilities) which were completed are described. These median strengths are

based on median material properties estimated from actual plant specific test
data, where available, or by comparison to other data bases. Predictive
models derived from actual test data were used whenever possible, to eliminate

design conservatism normally associated with building code requirements.
Refer to Appendix C for more details.

,
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TASK V.2 - AWS PIPE COMPONENT BETA-FAC kS DEVELOPMENT w % s ., g
*

-
. , ,

only one fragility description is "provided y SF.JSIM'to ci scribe the f

,

fragility of' all pipe components, and the pipe ,co rapent fragi}itiesare ,

related to a master (i.e., reference) pipe compantat fragit ty oy a load scale N

factor (beta-factor). This factor is defined 'ast-Qr\
-

h afu . 4 {.N

+
' '

3
- - J

.

1

,
,f d) b'

.

lCapacity of reference pipe component ( .

,
.A , q

Beta-factor = Capacity of pipe component under consideqatsion. _ _ _ , ,
. .-

% J N
g , 1 . v.h gAA large number of these factors were deve?oped in PNse I o the S $ -

Mg, -rw 4 4 *. ' ' *,
.

complete' discussion of the methodology used Iin'thef['d;37%opment is sentained %

in Section 4.2 of a the report on subsystem -fragMitiesh ghe factors - '
'

.

4 e s ;

developed for Zion-1 did not, however, include.alliof those needed for bhe s ,fj']

SOHCS-1 AWS analysis. Hence, a suf ficient utille'r'of Sdditional'(actors are w. \
r .u>

wide racge.', f parameters.$ This hascalculated to permit interpolating over74 o , , , ,.

for the \ ~DNCS-1 AWS while
\t ,t

' '

the twofold benefit of providing th'e needed factors S

also providing a wide range of factors 'for ot$er future applications. ' qi Q.% ig; ,. 1

q % s,-

3 -
x y s

The Zion-1 factors were plotted as funct'io'ns of l'oth temperaturavnd pipe , g '#
>

g ,

schedule to determine which data points were missing and which would be ne'eded ,'
jt

to allow interpolation. Missing data were then calculated by aling from4 f;
1 2

existing data. The basis for scaling of different pipe schedules was secci[n 90, r
,> > ,u, t

modulus, and scaling from one material to ~anicher was Jased on yield 'h\ g- ,

strength. This is consistent with the methbology desdribed in the report [, ,k
'

J

',\ S, a ,4
N \., d' o-

'as mentioned above. !.i J

.j[i 2
1

Appendix C contains the tables of the rutilting beta-factors for diffee~ent
,

i >

a
sizes of carbon and stainless steel pipe. For, each pipe size, Uhe >M

>

i [,
beta-factors for different schedules (10, 40, 60, 80,120, and 160) a[s % \ .I

-

,

, m
-s

shown. Factors are also shown for biect welds, elbows, and .straigf.c hpas at t'| ;

-

different temperatures (100 F, 300 F, and 500 F). As indicated in thd ~~ ''I'
1 - -' ' N s

subsystem fragilities report,g3 the bet.[-factors for burt welds caajb iuseda y

.
3

,

for reinforced branches, and the beta-f actors for elbows can bedsed for ~ [l
''

+ '

unreinforced branches. U ''
,

'
4 , s

\ ' 2
,, _

. y j.. %s' <+ a -

,

.l '

,
s
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! . +
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'
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TASK.V.3N?ATWSIddCTRICALANDMECHANICALCOMPONENTS,FAULTTREE~AND

h jSTRUCTURAL' RESP 0tNESC09RDINATION

@jy-
, The locations of nearly all of. the electrical and mechanical components9,* .

i

f'
_ were'determin d. ;The lociitions of the few remaining components will have to

b be detdr.n'ihed by or{fsite inspection. - Once established these locations
.

. -

ditermine~ the 'appropi{ist$t SMACS response to use -for each component in the
% (alturs'andriskanalysis. This effort was not completed at the time the

< > _

o ect was terminn,ced.
<

a h
~ '

% .'fLq _'

K'd: 3

N' TASK V.4 'Arv5'fl] NC RESPONSES AND FAULT TREE COORDINATION'
"

.7

4
.

m

y J.ritical' pipe components (such as tees, nozzles, elbows / pipe bends, etc.),

,

5 % , ' '

i, j W. were ident{f,ied 'for all fourteen piping models as described in Task I.4.,e

< 3,

q . ) Tioteever, the data phphration ef fort for only seven of these fourteen piping
,

7/I u.od els#was completed. They are identified in Appendix C. No effort on

p cocydination between critical pipe components and basic. event of fault tree'

i
<a s

. _se.s initiated at the ti.me the project was terminated.J-

'' .! n b 4" * -'

.- ,

.TMK,VI.f - COMPUTATION OF THE SEISMIC RESPONSES OF STRUCTURES AND AFWS PIPINC

' ~ Eince'tih'e time histories development for the SONGS site was'not completed'

,

tlIe time the pro' ject was terminated, only preliminary set-up for the SMACSat.

' *

[i analys.is was accomplished.
1, _

_

'
., ..

( ~ ,' TASK'VI.2.- - COMPUTATION OF THE PROBABILITIES OF FAILURE OF THE AFWS AND
-

, .

'3 IDMINIFICATION OF VEAK LINKS

-~

r,#
24

p / . Ac.fainit trees for both SOHCS-1 and Zion-1 AFWS were solved, and the cut
.,

rets were gener ated'in w< form suitable for SEISIM.14
"' -

-
- >w, No SEISIM runs were

% ,.
initiated .at' ths ti'ne th'd' project was terminated.'
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SECTION 4:L MILESTONE CHARTS.AND. DESCRIPTIONS.
- '

In,Section 4, milestone. charts and -descriptions are given for. eachiof _the-

'

tasks;in the SONCS-1 'AWS project. . Milestone dates include 'the original
target. dates, the revised target dates, and-_the completed dates. All tasks

were terminated in accordance with NRC request.'

.
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JS'ONCS-1 AFUS Proj ect - Milestone : Charts *

' FY 81 FY 82 FY 8]3_E-
-

TASK -+ .: . . . .

M J J A S O N D J F M A M J J A S O N D J F M A M i
I hk 1.17cT.

11.9a 1.9b 1.17dM 1.17a~~

Project Planning and 7- v |VL V
Management g gg f: gg g

-

15
I.1 -v- .

7
705EK.3,

-Develop-soil model ? .2 g g

|. 1.t. ;

'
~''

I.2
'

14a 1.9cq.23a.

VH vv_ . .. . . . . . .

Develop structural .- - ,,=- ] ,

models .

1.10-r,3 V
Doelop SSI models wp,y.m. g

*
1

| 1, .
-

\ ,

1.1:ai .12l
'

I.4 v 7
*

Develop AFWS piping EtwC -ih a- , |

models
.

1.1311.1 -

VDoelop time histories
for three input spectra MNM . .. .

.
-

..

k11.2 1.14 1.15. .

Compute seissue responses |p1 y,

of structures due to three m2.q,g
input spectra

'
.

II.3 1.16.

Compute seismic responses y.

of AFWS piping systems due |
to three input spectra .,' ,

,

.
.

.II.4 I
' ' I* 7

Compare SMACS result's h,

with SCEC/BechtelI ""seismic reevaluation
| .|-results .

.

. . . .

. . . ...,

*All tasks were terminated.by NRC on January 29, 1982.
_ _ .
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' SONGS-1 AFS '.Proj ect wilestone " harts *
(continued),

_IASK. ~..
'

FY 82 FY 8f ~ -
. .FY31

.. . . - _ . .

M J J A 5 O N D J F M A M J J A S O N D J F M A M J
. . . .

III.1 ja -<

*

Develop earthquake g
occurrence models'. . g ;gg .- s

]
l i

.

III.2 1,39
Develop ground modon V'

..

models - 6 8 -

| |

I, .

III.3
-

1.20

Develop ha rd curves and _7a
time histodos E _),

IV.1 1.21
Develop fault tree of y

'

SONGS-1 AFWS merM' ,

Il .

.. _ .. . _ _ . . . ..
. . _ .

,

IV.2 1.22

Modify fault tree of Zion Y '
-

Unit ! AFWS E ' ~ - '
*

' ~ -
,. . - .. - . .

~ ~ -

v.1 - i.23 -
Develop fragility curves

~'

7
of structures MN NwE"?f"" | -

|- ! | | .

,. _. __ ..

g
,

1.24
v.2 9, .

,,

Develop beta factor of pipes F' -

J-

''

V.3 *

1. 25Coordinate electrical ,.

and mechanic'al 'compo-
_

| | 7- .

nents with fault trees kym&N-m .

and structures I !! H i

Y4 1.26
' Coordinate responses and W.

fault trees for piping system gym j

I I IlI 'l I I.

*All tasks were terminated, by Nu.C on Janu,ary ;!9, 1982.
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p - - SO.NCS-1 AWS Project Milestone ' Charts * .
q.-

~

(continued)|
,

~

.

*

FY 81 FY 82 FY '33
'

usx .. ..

M J J A S O N D J F M A M J 'J A 5 0 N D J F M A M J

VI.1 1.11 1.27
Compute responses of , v v

- stmetures and piping systems =2 n. :_-
--

_

,

,

VI.2
Compute probability of - 1 28

7~ failure of AFWS andidentify
weaklinks

VII |
Compute probability of failure - 3,39, g(,39y
of Zion Unit 1 AFWS and

,

compare with SONGS Unit I ,

0 1. go kpI g6 31.1.32.1331 1

'7Documentation '

EL N '+hi m s___ .- t'M a- m ;| |

1 .|| | | |~'

,

.

_

.

.

.

'

*All tasks were ter:sinated by NRC on January 29, 1982.'
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SONGS-1 AFWS Project Milestone- Dates **

Original - Revised
~ Target . . Target Completed ,

Milestons Dats - Date Date -
_ _ - .

, ,_ _

1.1 ' KJckoff meeting Il-21-80 ~ l1-21-80

1.2 SONGS site visit 11-24-80 11-25 80.

-. .

~ 1.3 NRC LLNL meeting - 12-18-80 . ' 12 18 80

1.4 . Proposed work plan completed 1-15 81 1-22-81.,

1.5 , Proposed work plan r,ev,ised....
. 24-811 24-81

1.6 P.rgposed work plan finaltied' 2-24-81 2 24-81.

~

1.6a Final, work, plan approved by NRC 5-181
*

1.6b ' Project termin5ted by NRC ~ ' '~~~~

NA***' l-29-82
1.7 ' All necessary data and models obtained from SCEC 7-3 81 1-29 82

1.8 Soil model developed .7-3-81 12-1-81 12-1-81
l| . f .3,i 2* *

1.9 Afl structural mo_ del _s developed 10-23 81 4-5-82.
.,

,

1.9a Modification of turbine and fuel storage building 1-29 82
obtained

.

l .9b ..SCEC/Bechtml fixed-base results of'all 3-19-82
structures obtained -

, , , , ,

1.9c Ad I NI fixed base structure.models 4-5-82
~

compared with SCEC/Bechtel

1.10 All SSI models developed 10-23-81 4-5-82

1.11 SMACS test runs completed 12-4-81 51 82

1.12 , AFW piping models developed 10-23 81 4-5 82
-

.1.12a AW pipe supports location in the 3 1-82-

structural'models identified

1.13
' ' ' ' Time histories for the three ~ 7-3-81 71581 8 31-81

"
- '

,

target spectra developed" I

1.14 Reactor building responses due to the three '8-14-81 11 24-81 11-24-81
'

_,, target 5pectra computed

.

**All tasks were terminated by NRC on January 29 198'***NA = not applicable ~"

-31-
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SOFGS-1 ATa'S Project Hilestone Dates **
(continued)

Original Revised .

Target Target Completed

Date Date Date --

Milestone

1.14a Reactor building model compared with 11-15-81 11-15-81.

-SCEC/Bechtel

1.15 All structural responses due to the three ].g.82 6-1-82
.

target spectra computed
~

1.16 AT4S piping responses due to the three 1-8-82 6-1-82

target spectra computed

SCEC/Bechtel seismic reevaluation results 2-5-82 7-1-82
1.17

and SMACS results compared

1.17a 3 CEC /Bechtel seismic reevaluation results Il-30-81
of reactor building obtained .

SCEC/Bechtel' seismic reevaluation results 12-15-81 12-15-81
1.17b

f_reacior~ buililing compared ,o

1.17c SCEC/Bechtel seismic reevaluation results 6-1-82,
of all structures obtained

1.17d SCEC/Bechtel seismic reevaluation results 6-1-82.of ATJ piping systems obtained
1.18 Earthquake occurrence model developed 9-18-81 2-15-82

1.19 Ground motion model developed 94-81 2-1-82

1.20 Hazard curves and time histories developed I l-20-81 3-5-82

1.21 FaulttreeofSONGS-l_AhSdeveloped 9-18-81 10-31-81 10-31-81

1.22 Fault tree of Zion Unit 1 ABVS modified 6-12-81 10-31-81 10-31-81

1.23 Fragility curves for structures developed 11-6-81 5-15-82

1.23a Preliminary stress analysis of structures for 4-15-82

input to fragilities completed

1.24 Beta-f actor for AEW pipe components 10-16-81 10-31-81 10-31-81

developed
1.25 ABVS components, fault tree, and structure 1-15-82 3-31-82

coordinated

1.26 Responses and fault tree of piping systems i 12-18-81 6-1-82
,

coordinated-

~ 1982.**All tasks were terminated by NRC on January 29,
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SONGS-1 AWS ?roject P.ilestone htes ** '
~

(continued)
>

Original Revised
'

Target Target Completed .

Date Date Date
Milestone

2-15 82 .7 1-82-
1.27 Seismic responses of stnictures and '-'AW piping

systems due to the time histories generated by
Task III.3 computed

.

3-19-82 8-1-82
1.28 Probabilities of failure of SONGS-1 AFWS

,

computed ,

4-16-82. 9-1-82
1.29 Probabilities of failure of Zion 1 compared

with SONGS-1 result

8 1-821.29a Probabilities of failure of Zion-1 AWS computed

1.30 Documentation of AFWS fault trees I12-31-81 12-15-81'

development

101-82
1.31 Draft report of the SONGS-1 AFWS project

transmitted to NRC . . .

..

10-15-82
1.32 NRC comments on the draft report of "

SONGS-1 AFWS project received

1.33 Camera-ready copy of the final report of Il-15-82
'

SONGS-1 AFWS project transmitted to NRC .

,

.. .

4-30-82 $-28-82 /
Preliminary final progress reportiof -

1.34
the SONGS-1 AWS project transmitted

*

to NRC and SCEC for cocnnent
,

7-19-82
1.35 NRC and SCEC.cousnent ou draf t

final progress report of the
SONGS-1 AWS project received

8-15-821.36 Final progress report of the '

' SONGS-1 AWS Project transmitted;

to NRC'

\ *All tasks were terminated by NRC on January
.

29, 1982.

.
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. A1 -INTRODUCTION

-

One of the major objectives of -the San Onofre Nuclear Generating Station .
Unit.1'(SoucS-1) Auxiliary Feedwater System (AFWS) Project was to assess the.

. conservatism in the SCEC/Bechtel Balance of Plant Seismic Reevaluation Program
'

i (BOPSRP) . Meeting this objective required the development of seismic input
time histories. soil properties and soil models of the San Onofre site, and
mathematical models of the structures and piping systems affecting the
response of the AFWS. D e computer program, SMACS, Seismic Methodology

Analysis Chain with Statistics calculates the seismic response of scructures,
systems, and components.

The program SMACS links the seismic input _ vith soil-structure interaction
(SSI), structural response, and piping response calculations. Seismic input
is defined by ensembles of acceleration time histories for three orthogonal
directions (two horizontal and a vertical) on the surface of the soil. SSI
and detailed structural response are determined simultaneously by the
substructure approach to SSI. This approach analyzes the coupled
soil-structure system in a series of steps, i.e. , determination of the
foundation input motion, calculation of the foundation impedances, and
analysis of the coupled system. The result of this approach is structural
responses in the form of peak values and time histories of accelerations,
displacements, and forces. Using these results, SMACS then calculates time
history responses of piping systems through a multisupport tir.e history
analysis technique.

"Ihroughout these computations, uncertainties are accounted for
probabilistically. The largest source of variability in seismic input is
acknowledged by using ensembles of time ~ histories; in the SSI link, the shear
modulus and damping in the soil are varied; in the computation of structural
and piping responses, variation in the natural frequencies and modal damping
ratios account for uncertainties. This appendix describes both this
developmental effort and the results of the subsequent design comparison ~

analyses performed on the SONGS Unit I reactor building complex.
Section A2 describes the seismic input time histories which is comprised

of three elements: generation of artificial time histories which match the
three target spectra (SONGS Unit 1 seismic reevaluation spectra, SONCS Units 2

."
.
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and 3 design spectra, and the average of the two). Section A3 contains the

development of best estimate -equivalent linear soil properties and their
variability.= It also describes the SONGS Unit 1 structures that influence
the seismic response of the AFWS, the SSI and structural models that defined
the dynamic characteristics of these buildings. Finally, a comparison of
dynamic characteristics with the SCEC/Bechtel model of reactor building is
also included in Section A4.

A2 SEISMIC INPUT TIME IIISTORIES,

f

Thirty sets of (two horizontal and a vertical) time histories were
generated for the three target spectra: the SONGS Unit I seismic reevaluation
spectra, the SONGS Units 2 and 3 design spectra, and the average of the two.

All spectra were anchored at 0.67 g zero period acceleration (ZPA) for 'the
horizontal components and 0.45 g for the vertical component. A sensitivity
study calculating mean response using 90 sets of input time histories varied
little from the mean results obtained using 30 time history sets. This study

confirmed the adequacy of using 30 sets in subsequent response analyses.
All time histories were generated using the computer program, SIMQKE.I y

The time histories were genernted at a time step of 0.01 seconds (s). All
"

time histories were 18 s in duration and generated for a target spectrum with
!

2% damping. Figure 1 shows a comparison between the mean of the thirty

spectra and the target spectrum for the three target spectra as mentioned
above.

SIMQKE generates statistically independent artificial acceleration time '

histories which match a specified response spectrum, and it refines the t
i

spectral match through an iterative procedure. It also performs a baseline
correction on the generated motion to ensure zero final ground velocity; and,
of course, it calculates response spectra with the time histories as input.

i

e

e

4

8

9
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Figure 1. Comparison of target spectra with d e mean of each set.
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h e method used'by the program for artificial motion generation is
superposition of -sinusoids having random phase angles and amplitudes derived
from a stationary power spectral density function of the motion. To si=ulate
the transient character of real earthquakes, an envelope function, I(t), is
used. The final simulated motion, z(t), then becomes:

z(t) = I(t) IA sin 60 t-$n).- n n
.

It is stationary in frequency content with a peak acceleration close to the
target peak acceleration. In order to introduce variability consistent with
real time histories only one iteration for each generated time history was
allowed. This led to a coefficient of variation (COV) of about 0.10 - 0.15
for frequencies higher than 2 Hz and about 0.15 - 0.20 for frequencies higher
than 0.2 Hz but lower than 2 Hz. For the set of real time histories used to
generate Regulatory Guide 1.60 design spectra (all scaled to 1.0 g), the COV
is over a factor of 2 to 3 times larger than for the sets of time histories
that were generated. However, unlike the set of real time histories, th e
spectrum of each time history as generated is a " reasonable" match to the

"'
target spectrum. 'iigure 2 shows a typical example.

,

.
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A3. ' SOIL, SSI AND: STRUCTURAL MODELS -

The soil model. of the SONGS- site and the soil-structure interaction (SSI),
and ' structural models the SONGS-1 structures housing the AFWS are described

.

below.

A3.1 Methodology _

.-

A potentially large source of, uncertainty. in the fsoil-structure
interaction (SSI) analysis is associated with the determination of. soil

.

properties to be used in the an'alysis. .This process involves selecting a
mathematical model to represent soil stress-strain behavior, measuring ,

i
Properties for this model in the laboratory and relating them to the

'

properties in situ and determining the variation of these properties at a
'

constant strain leve), and for increasing levels-of strain corresponding to
.

higher levels of seismic excitation.
The stress-strain behavior of soil was modeled on the basis of a linear .

1 .
.

viscoelastic theory. The parameters defining the model are two elastic ;

constants, i.e., shaar modulus and Poisson's ratio, and a materiaf'd'amping

i factor. The nonlinear behavior of soil was taken into account by equivalent
!.

! linear techniques, i.e., values of the material constants (shear modulus and
!material damping) were selected on the basis of average strain levels expected
!

| in the soil as a result of the earthquake.- An iterative linear analysis was :
t

then performed to estimate the final soil properties. !
I

SSI and detailed structural response are determined by simultaneously

using the substructure approach to SSI. The substructure approach divides the -

problem into a series of simpler problems, solves each independently, then i

superposes the results. Typically, these simpler problems are: determination

of the foundation input motion; determination of the foundation impedances; j

and analysis of the coupled soil structure system. This process culminates in

a prediction of the response of the soil-structure system. The CLASSI family
.

I of computer programs, an implementation of the substructure approach, forms
the basis of the SSI and structural response calculations in SMACS. CLASSI

~

.

is organized according to the steps of the substructure approach. The set of
continuum linear analysis (CLA) codes solves the first two steps, i.e.,

.

I foundation input motion and impedances, then the SSIN code analyzes the

coupled soil-structure system. SSIN forms the core of the SSI and major. .

.

structure response calculation in StACS. Some general co=ments concerning the I
!- :

~

i procedure are in order.
-43-
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Several 'genersi feacures characterized the. solution. of the SSI problems ;as
~

forraulated in CLASSI. ,he- basic formulation is in the frequency domain,- which
~

permits modeling the behavior of the soil by frequency-dependent impedances
~

and scattering matrices. Fourier transform techniques are~ applied to obtain

the time history of response.
We mathersatical model selected to represent the stress-strain behavior of

soil is based on a linear visconlastic theory, he parameters defining the -
model produce constant hysterstic-type (i.e., frequency-independent) datoping

'

and consist of two clastic constants (typically, shear modulus and Polason's
ratio) and a material ~ daraping factor. The nonlinear behavior of soil was

'

taken into ' account by equivalent ifnear techniques. Equivalent linear soil
Properties were determined by an iterative process that estimates material
constants as a- function of an average atrain level over the duration of'the-

excitation. The process and results for the SONCS-1 site are described in
subsection A3.2. Note that one-dirnensional wave propagation analysis was
perforined to determine the properties. Only the " primary nonlinearity," i.e.,
the nonlinear behavior induced in the free-field by the earthquake itself, was
treated. Best estimate values of the material constants for dif fering

, ,

excitation levels were estimated along with the expectou variability in these
= * *

values.

The three steps of the substructure approach are shown schematically in
Fig. 3. Specification of the free-field ground motion (i.e., the control
point, frequency characteristics of the control motion, and the spatial
variations of the motion) is a preliminary step which was discussed in Section
A2. Each of the three steps is briefly described as follows.

1. Determination of the Foundation Input !ttion

I

The foundation input motion dif f ers frorn the f ree-field ground motion in
all cases, except for surface foundations subjected to vert [cally propagating
waves. The motions diffar primarily for two reasons. First, waves are

scattered f rors the soil-foundation interf ace. Second, points on the
,

foundation are constrained to move according to the geometry and stiffness of

the foundation. nis constraint 1 cads to a reduction in the total number of
degrees of freedom necessary to define the motion of the foundation. When the
effective stif fness of the foundation is large compared to the soil, rigid

.
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behavior is assumed, and the motion of the ' foundation is uniquely defined by
six rigid-body degrees of freedom, i.e., three translations _and three
rotations.

The foundation input motion, {U*), is related to the free-field

ground motion by means of a transformation defined by a scattering matrix,
[S b)], which is complex-valued and frequency dependent:

{U*b) = [Sb)] { f b}} ,

where the vector, { f b}} , is the complex Fourier transform of the .

free-field ground motion, which contains a complete description of the
free-field motion. For a particular frequency, w, each complex number in
the vector corresponds to the amplitude and phase of an assumed wave component
of the free-field motion. Each column of [S b)] represents the response of
a massless rigid foundation to a given incident wave of unit amplitude. The

response is frequercy-dependent, because the incident wavelength, and in some
cases the apparent velocity of the wave front, varies with frequency. There

can be numerous columns in [Sb)] because incoming seismic waves may be
assumed to contain many surface modes, each having a diffeire'nt. phase'

velocity. In addition to its dependence on the composition .of the free-field
motion in terms of the different types of waves, [S G)] depends on the,

geometry of the foundation and the characteristics of the soil, i.e. , its

material properties and configuration. The. matrix product, [Sb)]
{ f D)) , is therefore the response of the rigid, massless foundation to a
particular seismic event.

Of the SONCS Unit I structures to be analyzed, only the reactor
building / containment sphere is embedded to a significant extent. The fuel

storage building foundation is slightly embedded. In addition, for SONGS Unit

I analyses completed to date, vertically propagating waves were assumed.
;

; Hence, the scattering matrix, [Sb)] reduces to its simplest form (i.e.,

unity for translational components, zero for all others, and constant over the

frequency range) for all foundations except the reactor building / containment
sphere.

|

!
:
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2. Determination of Foundation I=pedances

The second step in the substructure approach is determining the
force-displacement characteristics of the soil. The relationship is typically
presented in the form of impedances, [K,b)]. Foundation impedances

depend on soil configuration and material behavior, _ the frequency of the
excitation, and the geometry of the foundation. The SONGS-1 analysis assumed

rigid foundations for which the force-displacement characteristics are
uniquely defined by a 6 x 6 matrix relating a resultant set of forces and
moments to the six rigid-body degrees of freedom. . ,

In general, for a linear elastic or viscoelastic material and a uniform
or horizontally stratified soil deposit, each element of the impedance matrix ,

is complex-valued and frequency dependent. Each complex element of the

matrix, [K,b)], can be thought of as a pair of functions: the real part

representing the stiffness of the soil, and the imaginary part the damp'ing. j

3. Solution of the Coupled Soil-Structure System

' '

he final step in the substructure approach is performing the actual
SSI analysis. ne results of the first two steps are combined with a dynamic
model of the structure to solve the equations of motion of the coupled *

soil-structure system. The solution procedure in SMACS for completing this
step is quite powerful. The structure is modeled by its fixed-base

eigensystem and modal damping factors. n e structure' dynamic characteristics
are projected in the form of modal participation factors to a, reference point
on the foundation at which SSI response of the foundation is determined. nis

.

projection reduces the characterization of structural dynamic effects to a ,

size dependent only on the number of modes and the number of foundation
d egr e es -o f-fr e edom. This permits the use of extremely complicated structural
models. For a single foundation, the SSI response computation requires
solution of, at most, six simultaneous equations. In-structure response is

determined with a similar size reduction.

.

!

!
.
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A3.2 SOIL MODEL

The soil model for. the SONGS site is described below.

'A3.2.1 Soil Conditions
,

The subsurface soil conditions were investigated by drilling exploratory

borings around the site. . The site stratigraphic column for SONGS Unit _1 as
published in the SONGS Unite 1 Final Safety Analysis Report (FSAR) is shown ,

in Fig. 4. For SONGS Units 2 and 3,0 a detailed geophysical investigation,
consisting of seismic refraction surveys, seismic velocity surveys,
micromotion and borehole surveys was performed by Dames and Moore.5 Th e

measured and computed data are presented in' Fig. 5.-

The site is underlain by terrace deposits, consisting of approximately ~
30 - 45 f t of sands, silts, and clays with layers of gravel and cobbles.
These soils are generally dry, and some are cemented. Measured compressional
and shear wave velocities for~ the terrace deposits range from 1000 to

3100 feet per second (fps), and 300 to 1250 fps, respectively. The Poisson's

ratio for this material ranges from 0.40 to 0.44. The unit weight varies from
.

120 to 130 pounds per cubic foot (pc f) . . , , ,

.
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The terrace deposit's are underlain by a deep deposit of fine-to-coarse

well graded and slightly cemented sands, termed San Mateo formation. The San

.Mateo sands extend'approximately 940- f t below the existing ground surface.
~

The unit weight varies from 130 to 135 pef. The average dry unit weight

ranges from 119 to 127 pef with an average of about -123 pcf. The relative-
density was estimated to be close to 100%. The measured compressional and
shear wave velocities range from 3000 to 7000 fps, and 1000 to 2750 fps,
respectively. The Poisson's ratio based on these measured wave velocities#

'

ranges from 0.40 to 0.45. The average elevation of the ground water table was
approximately 5 f t above mean lower low water 04LLW). MLLW describes an

'

average height over a 19 year period of the lower of the two low waters of all
tidal days.

A3.2.2 Dynamic Material Properties
.

.

In order to conduct site response analyses, dynamic material properties
of the subsurface soils must be assigned. For analysis of the San Onofre

site, only the properties of San Mateo sand need be considered. Dynamic
,

properties generally refer to the low-strain shear modulus, strain-dependent''
*

"'shear modulus, and damping ratio.

The low-strain shear modulus (G,,g) of the San Mateo sand was based on
laboratory and in-situ tests that determined the shear wave velocity. as a
function of depth. The range of the measured shear wave velocities is shown

in Fig. 6. The low strain shear modulus can then be computed from the

equation:
.

2
pVG =

,

max s

where p = mass density, and V, = shear wave velocity. The range of G,,

based on measured shear wave velocities are shown in Table 1.
|

l
i

{
!
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. . Low-strain *

,

.. Site . . Shear Wave Velocity Shear Modulus
Depth

.
(V , fps) .(Sax. ks f) :

~

. upper 50 f t. 1000'- 2200 4037 - 19540
'

below 50 f t. 1900 - 2750 :15135 - 31706

Table 1.' Ranges of shear wave velocity and C,,,.

""he shear modulus of San Mateo sands was also calculated from 'an' empirical -~

~6
equation. Using parametric ' values recommended by Woodward-McNeill , the
equation for low-strain shear modulus is:

= 59 (a ) !c ,
max a

where 0, = the mean effective stress in units of pounds per square fooc
(psf), while C,,, is measured in units of kips ner square foot .(ksf).
Computed shear wave velocities at different depths based on this equations are

i
also shown in Fig., 6. A comparison between the measured and calculated values

for V, indicates s' variation that ranges from 18 to 37%.- This range ,

implies that the values for C,,, as a function of depth could vary by
,

approximately as much as 50% of the mean values. ,
,.

The nominal strain-dependent shear ' modulus and damping' ratio - curves are
0reconsnended by Woodward-McNeil1 on the basis of the field seismic tests and

laboratory tests.- The average value of Po'isson's ratio, 0.42, was used to
convert major principal strains to shear strains. As shown in Fig. 7, the

shear modulus of San Mateo sand decreases rapidly with-increased strain levels.

s
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i, .% f,% orde,e; to estir. ate the variation in soil properties at different strain.
o

s
* , . , strain-cont; rolled dynamic triaxial tests were performed on samples2dv el's '

takes ftma epploratory borings at the site. The variation in the modulus of
' '

s

elasti)ci.ty audidamo6ag was obtained by testing seven samples at each of threei
j, s

.,.f s a
; - confining pressures. The greatest scatter of data for Young's modulus was'/

*,
,:- . A 1

= i.'. '-Mcu6d,iat t.hNoves t confining pressure. 'Ihe deviation was about 25% at low"

, 2 ,, .

M- ' strain .and 51% at high' strain levels. On the basis of this scattering and
. .,,-

uncedainties associrited with calculated values of G described' ,

p ~

pr,eviosily, it is reasonable to assume values of + 50% of nominal at the upperi

6.
'Ih ej[N_q';.and lowcr boands ' foe shear modulus over the entire strain range.

. .

variation is illustrated in Fig. 7;'

- '

The dynamic _ t:iaxial tests also provided the basis for determining the
,

', . 7

' nominal:-valaes sud the scatter of damping ratios (8 ) . The data scatter3

p
shows a variat;*.on of 80% of the nominal value at low shear strain and a
vadation of 42% at high strain. The estimated range is shown in Fig. 8'.

'

.

AT.2.3 Developeeni of Equivalent Linear Soil Models_'
'

'dqdiv slent 1.inear soil characteristics were evaluated by one-dimensional
wave propagation analysis. Computer program, SHAKE, was used for this
s tudy. Soil properties described in earlier paragraphs were used in the SHAKE .

!

analyses. For, each acceleration level, sets of synthetic time h~istories
' ' developed -to represent variability in design motion were used. Variations in

:th ;three, inpu_t- parameters, low-strain shear modulus , shear modulus ra .
strain level, and damping with strain level, were considered. The p*.rameter |

,

values were' selected secording to a simulated experimental scheme that covered ,

the para $ater spaces. For each acceleration level, iterative, linear analyses
were perforned until the calculated soil properties were compatible with the
average calculated shear strain in each soil layer. Since subsequent

structural response calculations were performed at a ground acceleration of
:

O.67 gg emphasis was given to determining the parameter values at this input'
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1. Generalized Soil Profile

.

The SONCS site is underlain by approximately 40 ft of~ terrace deposit and
~

about 900 f t of San Mateo sand. The terrace deposit was excavated and all .
structures were founded below the finished plant grade at an elevation. of' 20'

ft in. San Mateo sand. The finished grade will b'e referred to as the
. free-field pound surface of the idealized soil profile used for the SSI model.

i Since the main purpose of using equivalent linear soil properties in SSI
~

analysis is to approximately account for non-linear soil effects due to
seismic wave motions, it is not necessary to define the soil model to the
bottom of San Mateo formation. The selection of a rigid base in a deep soil ,

site is dependent not only on the size of the foundation but also on the
justification of the existing soil properties in the soil profile. It has

t

been customary to assume the rigid base exists at a certain depth where the-
low-strain ~ shear wave velocity is 2500 fps or greater.;

Based on the dimension of the reactor building, as well as the

relationships between shear wave velocity and the depth at the SONGS site
5

[ recommended by Dames and Moore , the rigid base was initia11ym elected at a

depth of 260 f t below the finished grade. To assure the adequacy of the rigid
base location, simplified analyses to simulate SSI effects were conducted for
several cases with the base located at three different depths. Input motion
was specified at ground surface in order to compute the motion at different
elevations. For all cases, the response spectra at the same elevation were
compared and the differences in response shape at a depth of 260 ft or greater ;

are negligible as shown in Fig. 9. Therefore, the lucation of the artificial
,

rigid base at 260 f t is adequate. The idealized soil profile used for SHAKE
analysis is shown earlier in Fig. 6.

2. - Nominal Soil Properties for 0.67 g

Two sets of synthetic motions were used as input in the analysis to
determine soil properties at 0.67 g. One set was targeted to a the SONGS

Units 2 and 3 design response spectrum of 2% damping, the other set was'

!

J
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based on the SONGS Unit 1 seismic reevaluation spectrum of 2% dar:. ping. Four

time histories cotaprised each set. Their incan spectra are shown in Fig. 10.
Le frequency content of the two spectra is significantly dif ferent at levels
below 9 Hz. This difference may contribute to variations in the soil
properties.

11aving established the input motion and the generalized soil profile, the
analyses to determine the nominal equivalent soll properties were conducted.
Iteration on soil properties uses the curves of strain-dependent moduli and
damping shown earlier in Fig. 8. Two cases using different empirical
formulations defining the low-strain shear modulus were considered. The

nominal values given by each case for shear modulus and damping were plotted
in Fig. 11. Small differences are seen between the two cases at depths less
than 100 ft, and it is believed that the overall effect on generated impedance
and scattering matrices due to these dif ferences is insignificant.

3. Uncertainty of Strain-Compatible Soil Properties

he uncertainty of strain compatible soil properties is a function of the

variation in the soil parameters, C , C/C , 8 (where G is th'' Sheare

modulus and B is the dainping ratio) and the characteristics of the input
motion. To assess the variability, multiple analyses were conducted with
SilAKE. The soil parameters were modeled as three random variables. For each

analysis, the values of the soil parameters.were chosen by a Latin hypercube
sampling technique.8 Two sets of synthetic motions, each consisting of four
time histories and targeted to the sp-cified spectra, were employed to provide
the variability attributed to scis nic input. Twenty-nine sets of property.

combinations were combined with eight control motions to define 232 SilAKE

analyses. A second simulation was performed treating C as a dependent

variable. This satrved to reduce the variability of soil properties. Th e

difference in the coef ficient of variation (COV) of the equivalent linear soil

properties due to the two different simulation schemes was negligible. De

results of these analyses are shown in Figs.12,13 and Table 2. Figure 12

concentrates on the soil properties calculated at 0.67 g. ne mean and the

one plus and minus standard deviation values are plotted for both shear |

modulus and damping ratio. Figure 13 shows the mean values as a function of
|

soil depth for each of four acceleration levels. D e variations in C and S
**

are listed in Table 2.
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Tcble 2. Hecn valuso cnd coefficignt of varietiens (COV) of G and S fer ccch g Icvol.

;
I

! '

Acc. 0.204 g 0.460 g 0.670 g 0.890 g

aLevel

G (ksf) S (%) G (ksf) S (%) G (kaf) 8 (%) G (ksf); 8 (%)
*

Layer

No. Mean COV Hean COV Hean COV Hean COV Hean COV Hean COV Hean COV Hean COV

i

i

1 757 .478 7.09 .491 [85 .482 10.32 .476 393 .481 11.66 .452 338i .471 12.80 .438
8

2 1319 .488 7.43 .493 857 .485 9.67 .468 699 .472 10.92 .445 610i .479 11.98 .433

817f.48111.39.4363 1721 .484 7.10 .475 1139 .486 9.18 .269 940 .481 10.37 .449

4 1922 .477 7.03 .495 1297 .486 9.03 .470 1076 .486 10.21 .452 934 | .480 11.23 .434

5 2053 .472 7.10 .472 1413 .487 9.05 .467 1172 .489 10.26 .450 1024 8 .478 11.27 .430
m

6 2271 .474 7.02 .488 1595 .494 8.89 .471 1320 .472 10.09 .450 1160' .482 11.07 .427 pgu.
,

7 2508 .477 6.88 .488 1785 .504 8.67 .474 1473 .496 7.86 .450 1278 .487 10.83 .427'

8 2751 .482 6.72 .490 1975 .512 8.44 .477 1629 .502 9.61 .451 14358 .495 10.56 .427
i "M.

9 2998 .488 6.55 .492 2163 .518 8.21 .480 1780 .504 9.36 .453 1570i .501 10.30 .431

10 3240 .493 .6.39 .494 2343 .519 8.00 .482 1930 .508 9.13 .456 1703I .506 10.05 .432 Ei
:

11 3478 .496 6.25 .495 2528 .524 7.80 .485 2078 .511 8.91 .458 1833. 511 9.81 .435 g

Q.{i12 3712 .499- 6.10 .476 2708 .531 7.62 .487 2220 .514 8.71 .459 1960' .516 9.59 .436

13 5317 .508 5.57 .505 3858 .542 6.98 .49,8 3138 .533 7.99 .472 2755',.537 8.83 .452I

14 5894 .513 5.37 .507 4272 .551 6.73 .5d0 3471 .543 7.70 .473 3043|.549 8.52 .452

15 6454 .516 5.18 .508 4681 .563 6.50 .501 3777 .543 7.44 .474 3308|.550 8.24 .452 %f;'

16 6990 .519 5.01 .509 5071 .568 6.29 .502 4083 .546- 7.20 .474 3574 .551 7.97 .453
1

17 8691 .521 4.71 .513 6294 .572 5.91 .508 5054 .554 6.78 .481 4393,.556 7.50 .461

18 9255 .523 4 58 .512 6725 .576 5.74 .509 5394 .554 6.58 .482 4682 !.554 7.29 462

19 9815 .524 4.46 .512 7159 .579 5.58 .511 5727 .554 6.40 .483 4976' .557 7.09 .464

20 10368 .524 4.24 .513 7584 .580 5.43 .512 6067 556 6.23 .484 5274I .560 6.89 .466
i

.
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A3.3 SSI AND STRUCTUkAL H0DELS

Determination of the dynamic response of structures housing (or

supporting) the auxiliary feedwater system (AFWS) components is needed to

provida input motion to the AFWS models. . Figure 14 shows a plan view of the
San Onofre Unit 1 and schematically illustrates the location of the auxiliary

feedwater system. The west feedwater heater platform houses the auxiliary

feedwater pumps. Piping ' system is supported _ within the heater platform, along
the fuel storage building, and within the north turbine building extension .

before joining the main feedwater lines that penetrate the containment

sphere. The main feedwater lines then connect to the steam generators inside

the reactor building. Foundation impedance and scattering matrices were

obtained and detailed finite element models were constructed for each of these
In addition, detailed soil and structural models were made fors truc ture s .

the turbine pedestal, the south turbine extension, and the control
administration building. Although these structures do not house the auxiliary
feedwater system itself, they all influence its response and houses its
related systems, e.g. electric power, and etc.

as ,

A3.3.1 Reactor Building complex , , ,

The SONCS-1 reactor building complex consists of three basic structures.
The reactor building is a massive, reinforced concrete structure which is
housed inside a spherical steel containment shell. Both the reactor building

and the containment sphere are supported on a common foundation whose external ;

'

surface, which is in contact with the soil, has the shape of a spherical
scgment. The geometry of this foundation is shown in Fig.15. Above the

ifoundation the containment sphere and reactor building are isolated from each
is t

other, immediately surrounding the reactor building and containment sphere

the cylindrical sphere enclosure building which is supported on a segmented
circular strip footing.

!

.

.

8
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A3.3.1.1 Soil Impedance and Scattering Matrices for the Reactor Building
Complex

,

,

Tor the initial studies of the reactor building foundation, the

foundation of the reactor building is modeled as an isolated, rigid sphere of
radius 75.6 ft, embedded in the soit 19.75 f t. The impedance and scattering

matrices for the idealized foundation geometry were computed by Prof. J. E.
Luco, University of California, San Diego. Typical impedance and scattering
components are shown in Figs.16 and 17, respectively. Siinilar calculations
were performed for a circular surface foundation for comparison purposes. An

! equivalent circular foundation of radius 68.33 ft and founded 30 ft below the
ground surface was analyzed. The size of the foundation corresponds to the
projected area of the spherical foundation. It was asusmed to be founded with

properties corresponding to those of the SONGS-1 site beginning 30 ft below
the free surface-the average depth of the spherical foundation below grade.
Two different soil profiles were assumed: the first was the same as that used
by Prof. 1.uco; the second was a uniform halfspace with the same properties as
were used by Bechtel in their earlier design calculations. A comparison,ofs

the impedances from the three calculations shows reasonably good agreement
between results. Differences can be explained by differences in embedmEnt

conditions, in soil properties in the im:nediate vicinity of the foundation and
in assumed Poisson's ratios.

Comparisons of static impedance values from these analyses with those

obtained from simplified methods (as suggested by Woodward-Clyde and by
Roesset) and with values used by Bechtel in their design calculations were

also performed. With the exception of the horizontal and rocking impedances
(K and Kpy) for Bechtel design springs and the horizontal impedanceHH

(KHH) fr m W dward-Clyde formulas, the results appear to be in reasonable
agreement when dif ferences in embedment and soil property assumptions are
considered. The high value for K from the Woodward-Clyde formulas is a3g

result of their assumptions of the correction factor for embedment. The

differences in Bechtel springs, K and K ave n yet en reconcu ed
HH RR,

completely.

!

f
;

!
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A.3.3.1.2 Structural Model of the Reactor Building Complex
_

The structural model of the reactor building complex is described below.

1. Reactor Building

The reactor building is a massive, reinforced concrete structure located
within the containinent sphere that supports and protects the components of a
three-loop nuclear stears supply system (NSSS). - ne principal eternents of the
reactor building are the primary and secondary radiation shields, the
operating deck, refueling pool and stears generator compartments. The primary

shield is s' 6 f t thick cylin, der that surrounds the reactor pressure vessel.
The pocondary shield is a 5 f t thick wall, rectangular in plan, that
essentially forms the outer perimeter of the reactor building. The refueling

pool sits stop the primary shield and, along with the secondary shield,
supports the operating deck. De steam generator compartments extend above
the deck to act as missile shields for the three steam generators and the

.

pressurizer. Both the reactor building and containment sphere are supported

on a partial-spherical foundation.
De finite eleinent model of the reactor building employed,3,D thin plate

and shall elements to define the concrete slabs while beam eternents defined * .

structural steel frames. Frames included in the model were thM o*porating deck

extension on the south side of the secondary shield and the gantry crane

support structure. ne NSSS and its support were modeled by the reduced mass
- and stiffness matrices provided by Bechtol / Westinghouse.' In all,

approximately 650 nodes and 630 elernents were used to define the model
(Fig. 18).

The nominal strength and density values for both concrete and steel used
in the reactor building model are shown in Table 3:

Modulus of elasticity Poisson's ratio Massdgnnify
(psi) lb-sec /in

_ 6
concrete 4.40 x 10 0.17 2.25 x 10

0Stent 29.0 x 10 0.30 7.34 x 10

,

i

Table 3. Material properties of the reactor building model.

,-
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Considerable effort was made to benchmark the LLNL modal results of the
reactor building model with those computed by SCEC/Bechtel. Some differences

- were found and resolved by refining the reactor building model and exercising ,

engineering judge:nent. Finally, a version of the reactor building model for
subsequent response analyses was eventually established. Dif ferences in the
modal frequencies as given by this model and those of SCEC/Bechtel reflect
acceptable differences in modeling approaches.

Table 4 lists the major modes of the LLNL reactor building model. The

structural response in the y-coordinate (east) direction is dominated by a
single mode at 13.3 Hz, while several modes in the range from 13.5 Rz to 20.6
Hz contribute to response in the x-coordinate (south) direction.

I
Mode Number Frequency Mass Participation Fraction

(Ez) X Y Z

29 13.34 0.4 30.8 0.0

40 16.15 9.2 0.0 0.4
43 17.45 7.8 0.4 0.1

~

44 18.10 6.7 0.0 0.0
J' 20.0 2.148 20.61 10.5

0.8 9.268 33.71 0.9
.. 10.6 11.2"

69 34.47 1.5

Mass sum of all modes 77.9 79.3 59.1

Note: First 20 modes are mainly for NSSS and the steel frames for gantry
crane. ,

Table 4. Significant modes of the reactor building model.

*
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2. Containment Sph ere

The containment sphere is a stainless steel sphere of 140 ft in diameter
and is slightly greater than one inch thick. The upper portion is
free-standing, extending 100 ft above finished grade at elevation 19 ft to an
approximate elevation of 120 ft. The lower portion is embedded in a concrete
foundation previously described (Fig. 19).

The containment sphere is modeled w i l of revolution
elements as found in the MODSAP program.{gh isoparametr c shelThe axisymmetric model is
assumed to be fixed at the point where the sphere becomes encased by the
concrete foundation. Consequently, only a partial sphere is modeled. Th e

sand transition area is defined by axisymmetric solid of revolution elements.
A nonuniform grid of elements was used. In those areas where significant

spatial variation in stress was expected, a fine discretization of elements
were employed. In the free-standing portion of the sphere, a coarser grid was +

used. One hundred and ten nodes, 83 shell elements and 24 sand elements
defined the model. The material properties of the containment sphere are
listed in Table 5:

-

Mass dep/insity )Modulus of elasticity Poisson's ratio
(1b-s ec(psi)

Steel shell 2.9 x 10 lb/in 0.30, 7.34 x 10 "2 2 -

Sand 4.86 x 10' lb/in 0.35 not applicable

_ ::-

* .

Table 5. Material properties of the containment sphere modeli
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-The results of two eigenvalue analyses were combined to define the dynamic
characteristics of the contain:sent sphere. First, modes corresponding to

Tourier harmonic, n = 0, were determined. .Then, modes corresponding to n = 1
were found. A total of thirty modes were used in subsequent response analyses
of the sphere. Table 6 lists the modal frequencies and mass fractions of
major modes where it shows that the first. three modes dominate the structural
response in the three coordinate directions.
Mode Number Trequency Mass Participation Fraction

(Hz) X Y Z .

,

.

I 11.42 75.1 0.0 0.0

| 2. 11.42 0.0 75.1 0.0

3 21.31 0.0 0.0 65.3

Mass sum of all nodes 76.4 76.4 68.0

'

. . .

. . .

,
'

!
,

Table 6. Significant modes of the containment sphere model.
- ,
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3. Sphere Enclosure Building

As its name implies, the sphere enclosure building surrounds the
containment sphere and reactor building. It is independent of the other.
structures in that it rests on strip footings that are separate from the
reactor building foundation. he enclosure building consists of a cylindrical
vall approximately 3-f t thick that supports a conical roof. n e cylindrical
section has major cut-out openings to accom:codate the turbine deck and the
P ping penetrations. Smaller cut-outs provide for cables, piping and hatches.i

The conical roof consists of sloping steel beams forming a composite
section with the concrete roof slab. A ring girder supports the roof at its
intersection with the cylindrical vall.

'

The finite element model of the sphere enclosure building is shown in

Fig. 20. The cut-out that accommodates the turbine deck is evident. Beam

elements conbined with thin plate and shell elements were used to model the
roof while thin plate and shell elements alone defined the cylindrical vall.
A total of 463 nodes, 549 shell elements and 160 beam elements were used to

produce the fixed-base model. The material properties of sphere enclosure
building are described in Table 7.

Modulus of elasticity Poisson's' ratio Mass dgnsigy
(psi) (1b-sec /in )

Steel beams 29 x 10 0.30 7.34 x 10 '6
~

6
~

Concrete shell 3.834 x 10 0.17 2.25 x 10

Table 7.- Material properties of the sphere enclosure building model.

Modal analysis results for the sphere enclosure building are listed in

Table 8.
Mode Number Frequency Mass Participation Fraction

(Hz) X Y Z

.

1 3.54 48.5 0.2 0.0

3 6.33 1.8 54.1 1.5

| 4 7.34 0.5 0.5 19.5

7 7.83 9.4 7.5 0.2

25 14.68 0.0 6.8 9.8
;

i

Mass sum of all nodes 90.1 90.3 46.8

| Table 8. Significant modes of the sphere enclosure building model.
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A3.3.2 Turbine Building Comple_t

The turbine building is comprised of five structures: the turbine

pedestal; the north and south turbine building extensions; and the east and
west feedwater heater platforms. Dese areas and their foundations are shown
in Fig. 21. Each of these areas is enclosed by a structure which is
physically separated from its adjacent structures above the foundation.
However, most of these structures are supported on a combination of isolated
and combined column footings and/or large basemats. Furthermore, every

structure shares at least one common foundation mat or combined footing with
another structure. This structure / foundation configuration greatly
complicates the SSI analysis of the turbine building because it means that the
foundations will interact not only through the soil, but also through the
structures which they support. The SSI problem should be treated for ,this ,

case by first developing impedance functions and foundation input motions
which include the effects of interaction between foundations through the

soil. Once these properties are developed, the SSI response of the structures
can be calculated using an algorithm which includes the effects of multiple
foundations supporting each structure.

Our SSI work on the turbine building proceeded as far as th~e* development

of preliminary models of the major foundations, calculation of impedance
functions for these models, and in some cases, the performance of sensitivity
studies to investigate the effect of the refinement of the spatial
discretization of the models. The foundations which have been modeled are:
the turbine generator pedestal foundation mat; Anchor Block No. 1 (West ;

f eedwater heater platform); Anchor Block No. 2 (east feedwater heater ;

platform); fuel storage pool; and a typical isolated footing, 5 ft x 12 ft in
dimension, supporting a single column.

The studies of impedances for these foundations consisted of calculations

assuming isolated foundations. Foundation shapes which have not yet been
studied include the combined footings which support three columns spaced about

20 f t apart and the square or near-square footings of differing sizes. These

studies are briefly summarized below.
.
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A3.3.2.1 Impedance and Scattering Matrices

The impedance and scattering catrices for the turbine building complex
are described below.
1. Turbine Pedestal Foundation Mat

This foundation is the largest of all the foundations associated with the
turbine building. It extends about 150 ft from north to south and is about 50
ft wide. The foundation mat is 5 ft thick over most of its extent. In

addition to supporting the turbine generator pedestal, the foundation mat also
provides support to several columns belonging to adjacent structures: the

turbine building northern and southern extensions, and the east and we,st
feedvater heater platforms.

A fairly detailed model was constructed to describe the shape of the ;

turbine generator pedestal foundation mat. The discretization is shown in
Fig. 22. The foundation impedances for this model were computed by using the |

*soil profile described previously. A representative impedance is shown in
Fig. 23. The foundation reference point (origin of coordinate system of the
model) was chosen close to the centroid of the foundation shape in an effort

to minimize coupling between east-west translation and torsion and between ..

vertical translation and north-south rocking. Minimizing this coupling helps
,

to isolate different SSI effects and makes it <asier to understand the dynamic

behavior of the soil / structure system.
,i

The impedances appear to be reasonable by comparing them to impedances
11published by Wong and Luco fu a @valm m@n hdah n a

uniform viscoelastic halfspace. Considering the perfect sy= metry of the !

retangular foundation, differences la material damping (Wong and Luco used 5%, I
i

while the material damping in the layered halfspace was nearly 10% near the j

surface), and differences between behavior of uniform and layered halfspaces,
I

the two sets of impedances agree well.
2. Isolated and Combined Column Footings

A number of isolated column footings are located in the turbine building

These vary in size from 3 f t x 3 f t to 5 ft x 16 ft. Several combinedarea.

footings, each supporting three columns of a single structure and spaced at 18
to 20 feet, also exist in this area. A 5 ft x 6 ft spread footing exists near

the location where the turbine pedestal foundation mat, the north turbine
building extension, the fuel storage building and the west feedvater heater
platform meet. This footing supports two closely situated columns, one of

'

which belongs to the fuel storage building, the other to the west feedwater

heater platform.
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Two models of a typical isolated footing were compared to see the effect
of spatial discretization on the impedance functions. Their dimensions are

both 5 f t by 12 f t. Most of the impedance terms compared fairly closely,
being within 10% of each other. However, for the rocking term about the long

axis (K44), the coarse model was 20'% sof ter than the refined one. The

significance of the difference that would be introduced by use of the coarse
model depends on the importance of the columns being supported.

3. Anchor Block No. 1, West Feedwater Heater Pistform

Anchor Block No. 1 is a concrete slab about 60 ft long, 40 ft wide and

12.5 ft thick. It is immediately adjacent to the turbine generator pedestal
foundation mat on the west side and is separated from it by one inch
Flexcell. Four tunnels approximately 6 f t in diameter are located in the
anchor block which provide cooling water to the turbine generator.

We constructed a fairly refined mod 61 to describe the geometry of the
anchor block. The model is shown in Fig. 24. The foundation reference point
was selected near the centroid of the foundation shape to minimize coupling
between the foundation degrees of freedom. Figure 25 shows a typiedi *

impedance computed for the isolated foundation. As might be expected,. weak

coupling exists between the horizontal translations and torsional impedance
and between rocking and vertical translation, since the foundation is not j

symmetric in either direction.

,

t

4. Anchor Block No. 2, East Feedwater Heater Platform

'

Anchor Block No. 2 is a concrete riab about 100 ft long, 30 ft wide and

14.5 ft thick. It is immediately adjacent to the turbine generator pedestal
foundation mat and is separated from it by one inch Flexcell. Four six feet *

diameter tunnels are located in the slab. These tunnels carry the turbine's
cooling water to a 9 f t discharge culvert originating in the anchor block and
running its full length and passing into the turbine pedestal foundation mat. *

Two foundation models of Anchor Block No. 2 were constructed in order to

study the effects of spatial discreti=ation on the computed i=pedances. 'Ih e

models are shown in Figs. 26 and 27. Model A is the coarser of the two; the

*
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|

'

l .

-84- -;
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Figure 27. Anchor block number 2 foundation model B.
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subregions in Model 3 are either the same as those in Model A, (e.g. along th e

extreme ' east & vest -sides) or are subdivisions of them (e.g. along the x-axis

of the model). In order to minimize the coupling ef fects, the reference point
was chosen to be close to the centroid of the foundation shape. Figure 28

shows a comparison of a typical impedance term computed for the two models.
For all terms, the impedances compare quite well at frequencies below 10 Hz.
'Ihe only terms where significant differences occur above 10 Hz are east-west
rocking (K ), rocking / vertical translation coupling ( 4 and b 5 ' ""
east-west translation (rocking coupling gg). For a detailed SSI analysis
of the ' Jest Beater Bay area where the auxiliary f eedwater system is located,
we would expect that these differences would have little effect, and that the
coarser Model A would be adequate.
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A3. 3. 2 . 2 Structurst Model~
'

The structural models for the turbine building complex are described
-

below.
.

1. Turbine Pedestal

. The turbine pedestal is a massive, reinforced concrete space frame. The

structure consists of an 8 - f t thick, reinforced concrete roof supported by two
-

end rectangular frames and three intermediate pedestals. The frames and the

pedestals rest on a 5 f t thick concrete foundation mat.
The finite element model of the turbine pedestal consists of

variable-node, thick shell and three-dimensional solid elements for the roof,
columns and pedestals (Fig. 29). One hundred eight elements connect 414

nodes. Equipment loading specified for the turbine pedestal is included by
increasing the densities of appropriate elements. -

The results of a fixed-base eigenvalue analysis are listed in Table 9.

,

;; ;

Hode Number Frequency Mass Participation Fraction q .,

( 11 2 ) X Y Z

t

,

1 7.97 90.9 0.0 0.0

2 9.86 0.0 15.8 0.0 i
,

f3 11.22 0.0 60.3_ 0.0

6 20.95 0.0 0.0 13.4 ;
f

12 26.67 0.0 0.0 18.0
,

13 27.12 0.0 0.0 15.4

1 15 30.55 0.0 11.2 0.0

16 30.81 0.0 0.0 13.2

.

Mass sum of all nodes 90.0 89.6 64.4

,.

''
Table 9. Significant modes of the turbine pedestal model.
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2. North and South Turbine Building Extension |

The north and south turbine building extensions are rectangular structures
*

located ou either end of the turbine pedestal. They 'both consist of
prestressed concrete deck at elevation 42 f t supported by steel framing. The

columns supporting the roof slabs rest on individual or combined footings.
The finite element models of both structures employed thin plate and shell

elements to define the concrete deck, while beam elements modeled the
structural steel frames. Where adequate shear anchors exist, composite
section properties were calculated for steel roof beams and the concrete deck.

'

The north turbine building extension model consisted of 95 nodes,114 beam

element and 50 shell elements. Figure 30 illustrates the model, while .

Table 10 lists the results of a fixed-base eigenvalue analysis. |
i

Mode Number Frequency Mass Participation Fraction '

(Ez) X Y Z

.

2. -

"'
1 4.30 36.6 13.3 0.2

2 4.65 4.3 83.7 0.0

3 5.23 55.3 0.2 0.0

7 7.61 0.0 0.1 13.6

8 8.78 0.2 0.0 26.2
;

;

Mass of all modes 98.0 97.5 79.6

.

Table 10. Significant modes of the north turbine building extension model.
,

In a fashion similar to the north extension, the deck and support frame
1

of the south turbine building extension were modeled with thin plate and beam

elements, respectively. Concrete block walls that surround the structure on

three sides made use of beam elements to define the out-of plane behavior of

the walls and plane-stress elements to model their in plane behavior. These
.

elements use
.

t

.
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properties reco:::: ended by the SCEC/Bechtel. The model is shown in

. Fig. 31. Modal frequencies and mass fractions are-listed in Table 11.

Mode Number Frequency

Mass Participation Fraction
(Hz) X Y Z

2 1.18 24.1 0.0 .0.0 -

3 1.51 12.3 0.0 0.0-

4 1.81 0.0 46.0 0.0

5 7.71 24.4 0.0 0.5

6 8.45 29.0 0.0 0.0 1

|7 8.85
~

0.0 25.1 0.9

8 10.44 0.0 23.9 0.0

13 17.10 0.0 0.0 23.0 i
'

15 17.80 0.0 0.0 14.0
'

20 23.66 0.4 -0.0 1~1.3 -

23 25.28 0.0 0.1 17. 4. |.

,

Mass sum of all nodes ;

!

98.9 97.7 92.3

|-

i

Table 11. Significant modes of the south turbine building extension model. |
i
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3. kest Feedvater Heater Platform
The west feedwater heater platform is located on the west side of the

turbine pedestal. It is a rectangular structure, approximately 120 ft long
cud 50 ft wide, consisting of a prestressed concrete deck at elevation 35 ft

. supported by structural steel framing. Steel support columns extend down to

individual or combined footings. Concrete block walls attach to the steel
framing on the south, west,' and north sides of the building. The entire
structure rests on a massive, concrete mat. The west feedwater heater

platform is of particular interest, since it houses portions of the AFWS.
The finite element model of the west platform shown in Fig. 32 defined the

dynamic characteristics of the roof, steel frames and block walls. Shell and

beam elements modeled the deck while beam elements model the support frame.

Same as the south turbine building extension, the behavior of the masonry
walls within. the feedwater heater platforms was modeled with a combination of
beam and plane stress elements. Various equipment loads were included in the
structure model by proportionally increasing the mass density of affected
elements.

The frequency and mass fraction of all modes with frequencies less than
"-33.0 Hz are listed in Table 12. ,

,

1

.; .

Mode Number Frequency Mass P'articipation Fraction

(Hz) X Y Z

!
;

!

5 3.89 16.3 43.5 0.0

10 7.24 0.1 0.0 13.3
,

11 8.03 44.4 42.2 1.2

12 8.94 1.9 1.4 14.1

16 12.19 30.3 8.9 0.0 .

Mass sum of *1 modes 98.4 98.4 79.2

Table 12. Significant modes of the west feedwater heater platform.

.

k

i *

-97-

__



__. . . . . . . , . - _ _ - . . . . _ . . ,. _ .. . , _ . _ . _ . _ __

.

. . .
.

s

.

.

- .

- . .

s . Ep''

* % \\
sr N

.w

A N N
.-

* \ \\ \ NN

|
~

[ f
f!i y7, \\ NN s \jl

~ /t: b Ib ' ' l }\
w \ .

ry'

'.\\ T\ h. k, y{ -fi tl

}\ ;ij. ' ~ -
-

g
b

, l0'

"l ' 'di\ T

g-

\'\ f /
.

1

\.O -

I ./'

i

k1
.

.

.

.
. . .

.

-
..

. . . . . ..

Figure 32. West Feedvater Heater Platform Model.

.

e

<-98-

- ..



7 . x .. . . .. .... _

: .
-

, ., , ,-

" ~ ~ --

3 .. n

NOif$TUd||.3~.-,.;Uib'NE231(
'

4. East Feedwater 'deater Platform
The dynamic characteristics of the east f eedwater heater platform are

similar to the west feedwater heater platform and 'the same model would be used.

A.3.3 Fuel Storage B'uilding
The fuel storage building lies between the west feedwater heater platform

and the sphere enclosure building. It _ consists in part of a massive, _

reinforced concrete fuel pool. The surrounding structure is steel framing
that supports concrete block walls. The soil-supported mat that forms the
bottom of the fuel pool is approximately 5 f t thick. Four foot thick concrete

.

walls form the sides of the pool.' The pool is embedded such that the top of-

the mat is an average of 14 f t below grade. The pool stores both new and
!

spent-fuel assemblies.
On the south side of the structure, concrete block valls and steel- frames

'

extend down to strip footings at elevation 14 ft. On the north side, th e

frames and wall sit atop the refueling pool. The building is covered by a

prefabricated deck roof at elevation 64 ft. This portion of the fuel storage

building houses the switchgear room and other equipment.
-.. . .

A3.3.1 Impedance and Scattering matrices for the Fuel Storage Pool

The fuel storage pool is a reinforced concrete box-like structure about
75 f t long in east-west direction, 30 f t wide and embedded about 14 ft below
the level of adjacent foundations. Its valls are between 4 f t and 5 f t
thick. To the south side of the pool lies the remainder of the Fuel Storage |

Building which consists of concrete block walls supported on a 1.5 f t wide by f
'

8 in. strip footing. Located at intervals along this footing are 4 foot
square footings about 1.5 f t thick which support columns for the fuel handling [

!

building and for the west heater bay. Because of the flexibility of the strip ;

footings, the column footings must be considered to be isolated from each

| other except in the axial direction of the strip footing.

*
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Two foundation models of the spent fuel pool were constructed.. Model A
(Fig. 33) was more refined than Model B (Fig. 34) and included the shape of
the column footing located in the southeast corner of the pool. De reference
point was chosen near the centroid of the rectangular portion of the
foundation. Figure 35 showr-a comparison of a typical impedance term
calculated for both models. The eccentricity of the column footing in Model A
caused some additional coupling between horizontal translation and torsion
( #"d b6) and between vertical translation and rocking ( 4 and6

b5{. However, this is not considered to be a significant effect,
especially since the footing in Model A is actually cast into the wall of the
pool at the elevation of the strip footing and is not level with the bottom of
the foundation.
A3.3.2 Structural Model of the Fuel Storage Building

Initially, a model reflecting the proposed design modifications to the
fuel storage building was constructed and a modal (eigenvalue) analysis

'
'

completed. However, further modification from SCEC/Bechtel required
additional changes. nese changes were incorporated into the model, but no
modal anaysis was performed. Finally, SCEC/Bechtel returned to the unmodified
configuration. The information for the roof decking of fuel storage building
will be required in order to change the model to its unmodifie
configuration. Derefore, no progress on model analysis waslaccomplished at
the time the project was terminated.

A.3.4 Control-administration Building

The control administration building is the structure housing the control

room and the battery room. The building also houses various laboratories;
heating, ventilation and air-conditioning (HVAC) equipment; and locker
facilities. The main load-bearing elements of the building are reinforced
concrete and concrete-block shear walls. D e walls extend to strip footings.

Ground-floor slabs at elevations 14 f t, 20 f t and 21 f t are soil-supported.

In the administration area, partial floors exists between the ground slab and
,

the roof at elevation 37 ft. In the control room bay, floor slabs are at

grade and elevation 42 ft. A grid of steel framing at elevation 37 ft

supports cable trays that run under the contro: room floor, ne elevation of
the roof is approximately 55 ft.

|~
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Figure 34.. Fuel storage building foundation model B.
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A3.3.4.1 Impedance 'and Scattering Matrices for the Control-administration
Building

The development ' of SSI models for thi.s structure was not completed at the

time the project was ' terminated.

!
A3.3.4.2 Structural Model of Control-administration ' Building

,

. A detailed ~ finite element model of the structure was constructed. Thin
plate and shall elements defined the reinforced concrete shear walls and- floor
slabs. Beam elements modeled the structural steel in the control bay, and -

,

administration areas. As in the models of the other structures, a combination
of beam and plane stress elements were used to characterize the masonry

walls. Equipment loads were included either in the form of added masses

f lumped at nodes or increased element densities.
Figure 37 illustrates the model. Eigenvalue analysis results are ilsted

[

in Table 13. An initial comparison between these modal data and the

frequencies supplied by SCEC/Bechte1 ~ indicated significant dif ferences.
However,:no effort was made to reselve or explain the differences.

I ut
i Mode Number Frequency Mass Participation Fraction

5NZ) I Y Z
.

a

14 7.99 0.4 0.1 16.4
28 10.30 6.2 35.8 0.2

29 10.50 34.4 2.5 0.4
40 14.54 0.7 0.0 25.9

i

Mass sum of all modes 77.7 77.2 81.0

Table 13. Significant modes of the control-administration building model..
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A4 - RESPONSE COMPARISON FOR REACTOR BUILDING /CONTAI!NENT SPHERE

One major objective of this project was to assess the conservatism in the
seismic responses of the SONGS-1 structures _and piping systems of the AFWS as
calculated by SCEC/Bechtel using design procedures by comparing with those

calculated by SMACS. In the SCEC/Bechtel case, a deterministic analysis was
performed using analysis procedures and parameter values selected for seismic
reevaluation and definition of the design ground response spectra termed SONGS
Unit 1 seismic reevaluation spectra, anchored to a 0.67 g zero period
acceleration (ZPA). In the SMACS case, three sets of analyses were

performed. Each set differed by the definition of the seismic input: SONGS

Unit 1 seismic reevaluation spectra; the SONGS Units 2 and 3 design spectra;

and the average of the two. All of the spectra were anchored to a 0.67 g ZPA
in the horizontal direction and to a 0.45 g ZPA in the vertical direction.
Each set contained multiple analyses which permitted incorporation of

variability in the seismic input, SSI, and structure characteristics.
The response comparison was only completed for the reactor building /

containment sphere at the time the project was terminated. It is reg reed
* .

here.
II I

A4.1 SCEC/Bechtel Seismic Reevaluation ,

The seismic reevaluation analysis by SCEC/Bechtel was based on the

SONGS-1 seismic reevaluation spectra as desc'ribed above. Both response

spectrum analysis and time history analysis were performed. The former case

produced force / moment results, and the latter case produced time histories
from which in-structure response spectra were generated. An artificial
acceleration time history whose response spectra essentially enveloped the
seismic reevaluation ground response spectra was used. Three directions of

excitation were considered, each direction analyzed independently, and the
results combined by the square root of the sum of the squares (SRSS) method.
Noteworthy aspects of the analysis include their SSI model and the use of
composite modal damping. Frequency-independent soil springs were used to
represent the force-displacement characteristics of the soil. Properties of
thes,e soil springs were derived from a detailed finite element analysis of the
soil and structure, i.e., an axisymmetric model subjected to circumferential

I

!
.
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harmonic loadings of n = O (vertical) ar,d n = 1 (horizontal). Composite modal
'

damping techniques yielded danping values near 4 percent of critical for
structure modes and significantly higher values for coupled soil-structure.

modes. The in-structure spectra compared here were peak broadened and
smoothed by SCEC/Bechtel. /

.

A4.2 SMACS analysis

The modus operandi of SMACS is to perform repeated deterministic
analyses, each analysis simulating an earthquake occurrence. : By performing
many such analyses and by varying the values of the several innut parameters,
we incorporate the uncertainty inherent in any deterministic analysis.
Variability in the seismic input phase was incorporated by using ensembles of
time histories. In the SSI area, soil shear modulus and material damping were
varied. In the major structures and subsystems, frequencies and modal damping
were our uncertainty parameters. Parameter values'for each simulation were
sampled from assumed probability distributions according to a Latin hypercube
experimental design.

Three sets of SMACS analyses were performed. Each' set dif fcred by the
definition of the seismic input. In each set, thirty earthquake simulations

. , ,

were considered. The seismic input for each simulation comprised three
acceleration time histories (two horizontal and a vertical) acting on the

surface of the soil. These artificially generated time histories were

described in detail in Section A2 of this appendix. The mean of their
response spectra closely fit the target spectra. The resulting mean spectra
for the three targets was shown in Fig.1 of Section A2. Spectral

accelerations of the target spectra for selected frequencies are superposed,
and the close match can be readily observed.,

The structure and SSI models of the reactor building-containment sphere ,

described previously were used in the SMACS analyses. The fixed-base-

frequencies and an assumed codal damping of 4 percent of critical for the
structures comprised the nominal values. The impedances and scattering
matrices for the partial spherical foundation, shown in Figs. 16 and 17 of

Subsection A3.3.1.1. respectively, which were calculated for equivalent

.

e
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DRAFT FOR 00MNT
-

linear -soil properties associated with a 0.67 g excitation were termed nominal
values. As mentioned above, the parameters were varied in the analysis to
incorporateuNiertainty. Two cases were considered and itemized in Table 14.
Two modeling assumptions were made.- The wave propagation mechanism at _ the

site was assumed to be vertically propagating waves. Structure-to-structure

interaction 'ef fects between the sphere enclosure building and the reactor
building / containment sphere were ignored.

.

Coef ficients of Variation
,

Case 1 Case 2Parameter '-

Soil shear modulus 0.7 0.35

i 1.0 0.50Soil damping

Structure frequ,ency 0.5 0.25
,

Structure damping 0.7 0.35

,

Table 14. Statistical parameters that define the variation of input values.

Note: Values are given for the median and the coef ficient of variation
(COV) . Case 1 reflects a state of maximum uncertainty about the SONCS-1

plant. 1Caie 2 represents a state of significantly greater knowledge.
.

Variations in this limited number of parameters are intended to represent all
sources of variability in each link of the seismic methodology chain (SSI,
structure, etc.). For example, by varying soil shear modulus and damping in
the SSI link, the uncertainty in the definition of the viscoelastic material

constants at a point were represented as were variations due to phenomena not
modeled and the perceived accuracy of analysis procedures. Similar cocments'

's

apply to structure t3ncertainty parameters. This is discussed in more detail
in Re~. 2. To assess the effect of input parameter distributions on the
results, two cases were analyzed and are briefly discussed later.

,
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A4.3 Response Comparison- :i; T W 'g - 't N
, </ 3,
3 ,s

a g:
'' gep,

- o
, .. ,yQ,; , ; y [o ~ '' > ^'' '

Two forms of seismic response were cchpared':' 'in-structur$ responsedy..
- sx

.. x a .

,

2 b;m 4

, ,,
e;->. # 2

spectra in the reactor building, and glement stress coopo3ent-s'2.n. th'c.e
.,

Seven code polngs in the re. actor building mere :seleck+ <icontainment sphere.
9, y ;

for. comparison; three directions of response par noc$ijoint. _ .Fi;ptre 39 : sli,ows '
.. .

,

m
j

the points: five nodes on the operating deck [(four co'rners' ud an interior' .i

node); the center of gravity of the.foundatic;h; cad (node on top of a. steam };;; a,

generator compartment. Due to the clos 2 similNily in f esponse of, the , fit *c t,', T. ,

,

points on the operating deck, results at 'only one , point 'are shown berep node
.

-
- - x (x ,

#

3

201 at the south-east corner of Ihe' operating ' deck. 'Abhlpo$nts,l/esponse
in the two horizontal directions was nearly"tha same, hhack only north--south
(x-direction) and vertical response is included.1. Figures 4.0 a"nd 41:ah$w-

response on the foundation, Figs. 42 and 43 on the operating dbk', an'd Fig [. 44
~

-

and 45 on the top of the steam generator compartmenti . These results should be-
'

considered more appropriate for . evaluation than for design turnoses. However,
,

.

this opinion may change with additional research.
' 'd

'

The comparison in Figs. 40-45 is between the mean S. ACS response and ,theM

SCEC/Bechtel- seismic reevaluation values. This comparison is believed to be

appropriate because the SMACS seismic input is defined so that its mean'
"

corresponds to the target spectra (Fig. 38). .In Figs'. 40-45, in-structure
response spectra due to the SONGS Unit 1 seismic reevaluation spectra are
shown with a long segmented curve; those dtie to SONGS Unita 2 and 3 are shown

'

with a solid curve; and the average spectra are shown with a short segmented

The spectra due to SCEC/Bechtel seismic reevaluation spectra are
curve.
overplotted.

It is of interest to examine Figs. 38 and 40-45 which trace response from
the free-field ground motion to the foundation to the upper elevations of the

Concentrate first on the SMACS results for a specific definitionstructure.

of the seismic input. Comparing Figs. 38 and 40-45, one observes a general
reduction in motion from the free-field to the foundacion and a subsequent
increase in response (albeit small) as one proceeds to the upper elevations.

Some observations are in order. In general, the reactor building

*
.
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acts similar to a rigid body on a deformable medium due to its relatively high
fixed-base frequencies and mass distribution. Hence, dominant overall motion
of the reactor building is due to coupled soil-structure response with little
s tructural. d eformation. Two aspects of the SSI model contribute significantly
to,the reduction in motion of the foundation and the minimal amplification
through the structure: the scattering matrix, and the impedances. The
scattering matrix, which accounts for kinematic interaction and in so doing
generates foundation input motion from the free-field motion, results in a
reduction in horizontal translation and the addition of s rotational
component. For this case, the reduction dominates. Our representation of the ,

foundation impedances includes the effects of radiation and material damping.
Earlier the equivalent linear soil properties were described. They included a
significant amount of soil material damping (near 10% in the upper layers) for
a 0.67 g excitation. The combined effect of radiation and material damping +

for this case is a significant energy dissipation mechanism. Finally,
5

although no eigenvalue extraction of the coupled soil-structure system is
performed (due to the frequency dependence of the impedances), one can
estimate the frequency of peek response for the nominal soil-structure system |

~

by inspe: ting in-structure response spectra generated for a single broad-hand '
;

I -

time history and svil-structure parameters held at their nominal values. In !

so doing, the frequency is estimated to be near 1.8 Hz which has minimal
amplification in the target design ground response spectra (especially for the ,

SONGS Unit 1 seismic reevaluation spectra).

Next consider the comparison between the SCEC/Bechtel seismic

reevaluation analysis and the SMACS results. The most appropriate comparison
is between the SMACS results due to SONGS Unit i seismic reevaluation spectra

s
8 i'

and the SCEC/Bechtel results. This is because the seismic input target
I

spectra are the same for these two cases. To clarifz this point, these two !

3 f F i

results from Fig. 4A are shown in Fig. 45 In Figs.s 946 through 45, the !
:

SCEC/Bechtel results are observed to envelop those of SMACS over the entire
.

frequency range; in the amplified frequency range by considerable factors. |
t

This may be interpreted as an indication of calculational conservatism or j ,

,

margin. If the comparison of these seismic reevaluation results were carried I,

'
further, for example, to piping moments, this margin is expected to grow by a
significant factor. Studies vill soon be underway to quantify this estimate
for piping moments in another project at LLNL.

!
;

.!.
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It'is also evident from Figs. 40-45 that significant conservatism in the

SCEC/3echtel results over those due to SMACS exists for both the SONG Units 2
and 3 design spectra and the average spectra in the amplified and higher

frequency ranges. In the low frequency range, the SHACS results due to the
SONGS Units 2 and 3 design spectra are lower than the SCEC/Bechtel results.

This effect may be interpreted as a result of the strong motions in the low
frequency range of the SONGS Units 2 and 3 design spectra.

The SAACS results shown are for variations in input parameters
.

corresponding to Case 1 of Table 14. To assess the ef fect of varying degrees
Aof uncertainty on the mean response, Case 2 (Table 10) was analyzed.

comparison of the mean response for Cases 1 and -2 showed minimal differences.

A comparison of stress components at two . locations in the containment
shell is shown in Table 15. The two locations are the stiffness discontinuity

just above the sand transition zone (grade discontinuity) and a point in the
,

free-standing shell between the foundation and the equator (contintous -

i+
shell). In all cases, the SCEC/Bechtel .results exceeded those computed by

SMACS. Again, this can be interpreted as an indication of conservatism or
'

margin. For reasons discussed above, the most appropriate comparison is ,

between the SCEC/Bechtel results and the second column of the three SKACS
li -results, for example,1172 psi vs. 286 psi, respectively. Finally, Fig. 47

showed a typical cumulative distribution function of the meridian stress of
continuous shell due to the SONGS Units 2 and 3 design spectra. The thirty
circles represent the calculated responses 'and the dotted-line is a lognorra1
fit with a median value of 458 psi and a beta of 0.664.
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Bechtel Seismic SONGS-2&3 Spectra SONGS-1 Spectra Average Spectra
Reevaluation Analysis SMACS Analysis - SMACS Analysis SMACS Analysis

*

Stress (psi) Continuous Grade Continous Crade Continuous Crade Continuous Crade
Shell Discontinuity Shell Discontinuity Shell Discontinuity ' Shell Discontinuity

llembrane-Long

Stress NO 1172 2034 553 339 303 187 421 260 i
;

Membrane-Herid. * *

Stress N 1483 6615 458 661 252 362 350 505s
*

Membrane-Shear , ,

''

Stress it. 1517 1849 601 791 332 437 473 622

Dending-Long i
Stress M /S 115 7922 4 359 2 196 3 274 i0

Hending-Merid. !
Stress M /S 34 2404 14 1180 7 640 10 901 |a

M
Twist M0s/S 4 26 * 7 * 4 * 6 a:g..

i

n r.

Table 15 Response comparison of containment sphere. Stress values.from Bechtel seismic reevaluation '

analysis versus median stress values given by SMACS. .""Ti=j
'

C?|D
Note: * = negligible M i
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APPPENDIX B

FAULT TREE DEVELOPMENT

This appendix contains the followings:
Top levels of the San Onofre Unit 1 AFWS fault tree. ( Rgu,re |}o

Upper level of development for gate of insufficient flow to the steamo

generator (SAFA). (Figure 1) '

Minimal' cut sets of order 2 for SONGS-1 AFWS. (TAME I)o

The remainings are on file at LLNL. The model . includes the AFWS as well

as those portions of other syste:ns (condensate storage, auxiliary steam
supply, electric power, and service water and fire protection) which interface
with the SONGS-1 AFWS. No fault tree analysis of Zion-1 was initiated at the

time the project was terminated.
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. . m *UUU 'lJldl HJ2 BHA HVG15516HD 393 LVDIFu44HD MTAIBCSTMH . (Con t'. ) !
.

199 MVAlHD20HA HVD1551200 394 LVDIFW44HD M5EC.CSIHJ I*

118 HVAIM32 FHA HVD15512MD 395 LVDIFU44HD HFilDCSTHX .

.
,

111 HVAlHD2&MA HVD150100C 396 LTAIRSVRMH HMXICSUGMD
*

112 MVA l HU 2 FMA HVD15018MC 397 LTAIR5VRMM MVDIC50000 *

113 MVAlHU2 FHA MVD15F1600 398 LTAIRSVRMM MVOIC588MDi *

i
'

114 MVAINO2CHA HVD15616MO 399 LTAIRSVRMH MTAIBCSTMH
*

| 135 MVAlH02FMA MVOISPIGMD 405- LTAIR5VRMM H5EC.C51MJ11G MVAlH32&H7 HVD15F16HA 4G1 LTAIRSVRHM HFIIBCSTMK117 HVAlHU2OHA MVA15F20HA 402 LSEC.F5XMJ MXXIC506MD i110 H5EC.551HJ MVDlH3100C 403 LSFC.F5XHJ MVDICSUDOD j.119 H5EC.551MJ MVDlHUIDMO 404 LSEC.F5MHJ HV0f05GGHD120 MSEC.551HJ HVDlHG10MC AUS LSEC.F5KMJ MTAISCSTHH
.

'f-124 H5EC.551HJ MVDlHU10MD 406 LSEC.F5XMJ H5EC.C51HJ
.

122 H5EC.551HJ MVDlHU! GOD 407 LSEC.F5XMJ MFilDCSTHK123 MSEC.55tHJ MVDlHalGMO 400 LSEC.F#7MJ HX X I C S.0 GMD124 M5EC.55tMJ MVDlHUlGMD 409 LSEC.FD7HJ MVDICSUDOD
.

125 MSEC.551HJ HVDINU16HA 410 LSEC.FD7HJ MVDIC500HD12G MSEC.551HJ HVAlHU2DMA 411 LSEC.FD7HJ HTAICCSTMH127 MSEC.503MJ HVDlHD100C 412 LSEC.FD7MJ H5EC.CSIMJ120 H5EC.5G3MJ MVDlHF10MO 413 LSEC.FD7HJ MFilDCSTHK129 MSEC.503HJ HVDlHO10MC 414 LSEC.FDSHJ HXXICSDGHD133 MSEC.533ftJ HVDIMDIOMD 415 LSEC.FD5HJ ItVDIC50000
.

131 H5EC.503MJ itVD lHFl 60D 416 LSEC.FDSMJ MVDIC500MD '

132 MSEC.503MJ HVDlHUlGHO 417 LSEC.FDSMJ MTAISCSTHH *133 MSEC.533MJ HVDlHal6MD 410 LSEC.FD5HJ H5EC.C51HJ . {f('3)
'

134 MSEC.503HJ HVD1HU16MA 419 LSEC.FD5HJ HFilBCSTHK ,g. 3135 H5EC.503HJ HVAIMS20MA 42D LSEC.FD4HJ HXXIC50GMD
13G MSEC.502MJ HVOIMD100C 421 LSEC.FD4HJ HVDIC50000 arpej
137 MSEC.532HJ HVDlHDIGHO 422 LSEC.FD4HJ HVOIC500HD ""'*)130 H5EC.502MJ MVDilml8HC 423 LSEC.FD4MJ HTAISCSTHH139 MSEC.502HJ MVDIHU10Mu 424. LSEC.FU4HJ H5EC.C51MJ "'I#3145 MSEC.502MJ MVDlHU160D 425 LSEC.F04MJ HFilGCSTHK (7[I)141 H5EC.5D2HJ MVDlHG16HO 42G LSEC.FD3HJ HXXICSDGMD ,

*][;j142 MSEC.502HJ MVDlHUlGMD 427 LSEC.F03HJ MVDIC50000 .
.143 MSEC.5DZHJ MVDlHul6KA 420 LSEC.Fa3MJ MVDIC500HD

144 MSEC.502HJ MVAlHU20HA 429 LSEC.FD3MJ ltTA18CSTHH gnem)r '

145 MSEC.5DlHJ MVDlH0100C 430 LSEC.FS3HJ H5EC.C51MJ ([[-3146 MSEC.5GIMJ HVDlHDIGHO 431 LSEC.FB3HJ HFilDCSTHK "' r.*147 MSEC.50lHJ HVDlHUl0HC 432 LFilR5VRHK NXXICSUGMD EIL2-
-

140 MSEC.50lMJ MVDlHD10MG 433 LFilRSVRHK HVDIC58000 EId 'L
149 H5EC.SalHJ ItVD l HDl 600 434 LFIIRSVRHK HVDICSDOMD D ,,

7""# d150 MSEC.SulHJ HVDlHU16HO 435 LFilRSVRHK M TA IDCS TMit I t

151 MSEC.SalHJ MVDlHD16HD 43G LFIIRSVRMK H5EC.C5tHJ $$f[.I152 MSEC.SalHJ MVDIMF16MA 437 LF11RSVRMK HFil6CSTMK 6.auj153 MSEC.50lHJ MVAIM02DMA 430 DECIVIRANK SORVALVES
154 MSEC.HU3HJ SORVALVES 439 DECIVIRAMK MVCISSIGOD
155 - MSEC.MD3MJ MVG155tCO3 445' DECIWIRAMK HVG1551HMO
156 MSEC.H03HJ HVG1551 DMO 441 DECIVIRAMK MVGISSIGHD

.

''

157 MSEC.HU3HJ HVGISSIDHD 442 DECIVIRAMX MVDl551200
150 MSEC.HD3HJ MVD1551200 443 DECIVIRANK HVDI5512ND. * 'i159 M S E C .f t03HJ HVD15512MD 444 DECIV!RAMK MVD150100C
163 MSEC.MG3tlJ MVD15U180C . 445 DEclulRAMK HVDISUIOMC
161 MSEC.MU3MJ MVDISDIOMC 446 DEClWIRAHK MVD1561600

'

.

162 MSEC.HJ3HJ tivDl58160D 8 447 DECIVIRAMK HVD15&l6MO 2163 MSEC.M03HJ ttVD15DIGHO 440 DEClulRAMK MVD15DIGMD
IG4 MSEC.ND3HJ HVD15016MD 449 DECIVIRAMK HVD15&l6MA '*165 MSEC.M63HJ MVDIS016MA 45K DECIVIRAHK MVA15822MA
166 MSEC.MD3HJ MVA1592 WHA 451 BECIVIRANK MSEC.551MJ L, ,

g . O^
.
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--- * '"TCblo 1* Hinimal cuS sets tf trder 2 for SONGS-1 NF5220 MSEC.CS6HJ HVDISulGHO 513 BCAlll25HC MVDISSIGMO229 MSEC.C5GHJ MVDIC016HD 514 BCAlll25MC HVD15616MD (Cont.)
.

-

*

230 MSEC.CSGHJ HVDIS016MA 515 BCAlll25HC MVDISulGHA - *

,-

231 MSEC.CSGHJ MVDICSS400 516 GCAlll25HC HV.% 532KHA
.f

.

232 MSEC.CS6MJ HVDICSS4HQ 557 BCAlll25MC HSEC.SSlHJ ''
*

233 MSEC.CS6HJ HVAISO2CHA 510 BCAlll25HC MSEC.503MJ '

234 . MSEC.C56HJ HSEC.SSlHJ 519 BCAlll25MC HSEC.502HJ235 MSEC.CSGHJ MSEC.503MJ 520 DCAlll25HC HSEC.SalMJ '

23G MSEC.CSGHJ M5EC.502HJ 521 BCAlll25MC HSEC.CS7MJ237 MSEC.CS6HJ HSEC.50lHJ 522 BCAlll25MC HPB100G$00' 230 MSEC.CS6HJ MitC.CS7MJ 523 BCAlll25HC HP010C&SOG239 HSEC.CS5MJ MVDICS1000 524 BCAlll2tMO HPotD00SMG240 MSEC.CSSHJ HVDICSIGH3 525 UCAlll2SEC MPDl000SME *
241 MSEC.C54MJ HVDICS1600 526 BCAlll23HC SORVALVES

. .

242 MSEC.C54HJ HVDICSI6MD 527 BCAlll23HC HVGISS1000243 MSEC.CS3HJ MVDICS2200 520 BCAlll23HC HVGIShiUMO244 H5EC.CS3HJ MVDICS22F0 529 G CA l l l 2 34-lc HVGISS10HD
.

245 MPQ1000S00 HVDlHUIDOC 530 BCAlll23HC HVD155120024G MPQ1000$00 HVDIManDHO 531 BCAlll23HC HVDISSI2HD247 MPQ1000500 HVDlHul0HC 532 GCAlll23HC HVDIS0100C240 MPB1000500 HVDIMbleMQ 533 CCAlll23MC HVD15610HC I249 MP01000S00 HVDlHU1600 534 BCAlll23MC HVDI5alGOD250 HP0100DS00 HVDlHDIGHO 535 GCAlll23HC MVDISUlGHO '

251 HP01000500 HVDlHU16MO 53G DCAlll23MC HVDISulGMD252 MPB100D500 HVDiM91GHA 537 GCAlll23MC HVDISalGHA253 MP01000500 HVAIMU20MA 533 BCAlll23HC HVAIS020MA254 MPD1000500 MSEC.H03MJ 539 BCAltl23MC HSEC.SSlHJ
. '5f)

33;n255 MP01000SOO H5EC.H02HJ 540 DCAlll23MC MSEC.503MJ256 HP01000S00 HSEC.HUIMJ 541 BCAlll23MC H5EC.502MJ #$257 HP01000S00 NSEC.CSGHJ 542 BCAlll23HC MSEC.SalHJ """"3250 HP0100050G MVDlHP100C $43 BCAltl23HC HSEC.C57HJ259 MPQ100050G MVDlHFIBMO 544 BCAlll23HC HPD1000S00 "".* *j2GG MPOIUD050G MVDIM910HC 545 BCAlll23HC MPQl80050G
([,'[)2GI MP0100050G HVDlH610HG 546 0CAlll23HC MP01000SMG -

211 HPQ100050G MVDlH'IGOD 547 GCAlll23HC HPB1800$ME 5
r a:J

263 MP0100050G HVDlhulGHO 540 DCAltlIBMC 50RVALVES
2G4 MP0100050G MVDlHUlGMD 549 BCAllll0HC HVGISS1000 (,. ,E)
2G5 HP0100050G HVDlHalGHA 550 BCAlll10MC MVGISSIGHO (jy[32GG MPB10005CG MVAINF20HA 551 OCAlll10HC HVGISSIDMD

m..Cua267 MP0100050G MSEC.H03MJ 552 DCAlll10HC HVDISS1200 2itw260 MP3100050G HSEC.H02MJ 553 DCAllll0HC MVDISS12MD %dyLa2G9 HP0100050G HSEC.HalMJ 554 BCAlll10MC HVD150100C =d La270 MP0100050G MSEC.CS6HJ 555 0CAlll10HC HVDIS018HC Y'E"I271 MPQ1000SHG HVDlHFISOC 556 BCAlll10MC HVD150160D I$pMi
e

272 MP01000SMG HVDIMal0HO 557 GCAllll0HC HVD15U16HO
273 MP01000SMG HVDlHUl0HC 550. OCAllllCHC HVDl5Gl6HD s___g'

274 MP0100DSMG MVDlH010HD 559 DCAll119HC MVD15016MA
275 MPill000SMG HVDlHalGOD 560 OCAlll10HC HVA15U20HA
276 HP 010005 flG MVDlHUlGMO 561 BCAltll0HC MSEC.SSIMJ
277 HPBl0005MG MVDlH016HD 562 DCAllll8MC MSEC.503MJ -

,
.

270 MPQ10005MG HVDIMDIGHA 563 BCAllll8HC HSEC.502HJ 4
279 MPalcaOSHG MVAIM620HA 564 GCAllll0HC HSEC.SalHJ

,
-

~,

.

200 MPa!0005HG MSEC.H03MJ 565 BCAllll8MC MSEC.CS7MJ
201 MPB1000SMG MSEC.M02MJ 566 BCAllll0MC MP01080500
202 ,

e'203 ' ,MPB10005MG HSEC.MalMJ 567 BCAlll10MC HPB198850G
.MP01000SMG' MSEC.CS6MJ 560 BCAltil0MC MP01888SMG -

4

.j204 ''MPB1000SME MVDlHal00C 569 BCAllt!8HC MP81888SME -

285 , MP81888SME MVDIMDIGNO '
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3APPENDIX C
-

IbCOMPLETE TASKS

C1. INTRODUCTION

This ap;.cadix contains discussions and results of the taska pertinent to
the San Onofre Nuclear Generating Station ~ Unit 1 (SONGS-1) Auxiliary Feedwater
System (AWS) Project which were incomplete, and had made a significant
progress at the time the project was terminated. Section C2 presents the j

description and results of piping models and the methodology used in response

computation. The earthquake occurrence model and the ground motion model are
described in Sections C3 and C4, respectively. Section C5 contains the

beta-factor of pipe components which relate the fragility of individual piping
components to a master pipe component. Finally, the SONGS-1 structural

fragility development is briefly outlined in Section C6.
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C2. PIPING MODEI.S

Fourteen dynamic piping models have b'een generated. The natural

frequencies and mode shapes for these fourteen models have been computed by

the computer ' program, SAP 4. The pseudostatic mode with multisupport input
motion approach was' ' planned for computing thef piping responses.

C2.1 PIPING SYSTEM DESCRIPTION
.

The required piping information on the SONGS Unit l', AFWS were used to
'

develop the mathematical models' for 14 piping systems by. the r::ste-of-the-art
techniques. Near the completion of the modeling process, some infwnation-
required for one of the fourteen dynamic piping models (namely, the1 service
water suction lines) was found to be insufficient. Therefore, certain service

-water piping properties were estimated in order to complete 3the frequency
,

analysis.

Once the piping models were developed, the pseuJostatic-mode ' method with 3
,

multisupport input motion will be employed as our analytic {1 method to
estimate the piping responses. For a''co'a.plete description of this analytical

-method, it is referred to Section 4 of tthe Volume 6 of the S::MIP Phase I
report.I

The following piping systems were identified as within the system boundary
of the auxiliary feedvater system (AFWS) for the response analysis.

1. Auxiliary Feedwater and Condensate System: Ten esodels (Figs. I

through 10) consisting of suction piping that runs from the

condensers and condensate storage tank to the auxiliary feedwater

] (AFW) pumps and discharge piping from the AFW pump to the stears

generators.

2. Auxiliary Steam Supply: Two models were generated (Figs. 11 and

12). They are: main steam from the steam generators to the main
stop valves and structural anchor of auxiliary steae supply, and the

'

structural anchor to AFW pump turbine. The piping of the main steam -

was rodeled up to and including the first anchor af ter the downstream
check vsive.
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3. Service Water and Fire P:otection System: The fire protection _ system

is supplied with water from the service water reservoir by two fire ;

pumps. ' The service water system also serves as a secondary water L

supply and= path to the auxiliary feedwater system.- Two models were
created for this system (Figs. 13.and 14). They are the suction and

discharge of fire water pumps and runs from the fire water pumps to

the service water reservoir and two structural anchors. Note that
the piping system of Fig.14 does not ' terminate at the service water

.

reservoir. It only extends to an assumed intermediate wall anchor,
beyond th.at point no information was pursued at the time the project
was terminated.

The assumptions made in the development of piping models are as follows:

Piping systems were assumed to be 1,inear elastic.o

Piping supports, including rigid hangers, snubbers, etc. were assumedo

to be rigid. ,, ,,

Spring hangers were not included due to their relati'vEly low
~

o

stiffness compared to the stiffness of other restraints.

The pipe elements of the SAP 4 were used to define straight and curved pipes
and equipments (if modeled). The boundary elements of SAP 4 were used to

,

simulate supports and restraints. The effect of int ernal pressure on bend ;

iflexibility factor was included in the stiffness formulation of the elbow / pipe
bend in the SAP 4 code. -
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C2.2 TECHNICAL RISIILTS

An eigenvalue analysis of the fourteen piping models were completed.-

Table 1 shows a list of the piping fundamental frequencies. -Two piping

models require a little more explanation as follows.
The main steam piping model (from the steam generators to the mainl.-

stop valves) has a fundamental frequency of 1.2 Hz. This frequency

seems low. However, a more in-depth study showed that this
fuadamental frequency had occurred at the relief valve manifold where
a conglomeration of heavy valves (9 total) are located. By the fact

that frequency is inversely proportional to the square root of
the calculated fundamental frequency was found to be quiteweight,

valid.

The condensate storage piping model (from the auxiliary feedwater2.

pumps to the condensate storage tank and condensers) contains a
This issection of line which has a fundamental frequency at 1.0 Hz.

because of the on-line rubber expansion joint (with a relatively low
stiffness) is existed in the AFW pumps suction line v..

stage of analysis, the critical components are selected toIn the next

compute piping response. The critical piping components are te'ds, nozzles,
t

elbows / pipe bends, and etc. The responses of these selected components were

intended to be computed by SMACS. Selections of these pipe components were

completed for all piping models, however, ~only the component selection data
for seven (out of fourteen) models were completed. They are also shown in

Table 1.
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Fundamental Number of ' Component
Frequency Coeponents Selection-

System Description (H:) Selected Data C0cpletei

Auxiliary 1. Main steam--from steam 1.2 133 No

Steam Supply generators to main stop
valves, and structural anchor
of auxiliary steam supply.

2. Structural anchor to AFW 5.6 22 Yes

pump turbine

Auxiliary 3. Steam Generator E-1A to 5.5 8 Yes
-

Feedwater Containment Penetration C-3A

4. Steam Generator E-1B to 12.6 8 Yes

Containment Penetration C-3A

5. Steam Generator E-1C to 5.6 8 No

Containment Penetration C-3B

6. Containment Penetration C-3A 7.8 18 Yes

to Intermediate Anchor-1
(Line No. 381A)

7. Containment Penetration C-3C 12.7 '" 18 Yes

to Intermediate Anchor-2 "*
(Line No. 3813)

8. Containment Penetration C-3B 4.8 18 No

to Intermediate Anchor-3
(Line No. 381C)

9. Intermediate Anchors to 6.7 76 Yes

Intermediate Anchors via
the Valve Tree

10. Intermediate Anchors to 8.5 28 No

Turbine Driven AFW Pump

11. Intermediate Anchors to 6.8 22 No

( Motor Driven AFW Pump
|

|

Table 1. Pertinent data for the 14 piping models.
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Fundamental. Number.of Component-
Frequency- Components Selection

System Description (Hz) Selected Data Complete

Condensate 12. AFW Pumps to Condensate 1.0 71 Yes *

Storage. Storage Tank D-2, and
Coc.densers to AFW Pump
(AFW Pump Suction)

Service Water 13. Fire Water Pumps 5.3 48 No

end Fire ~ Discharge
Protection

14. Fire Water Pumps 1.4 24 No

Suctica
__

TOTAL 502

.

Table 1 (Cont.) Pertinent data for the 14 piping models.
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C3. Earthouake Occurrence Model for the SONGS Site .
(=,
,

The region of Southern California and . Baja California that adjoins the
SONGS site'is a highly seismic area. For this region, the methodology for

constructing- the earthquake occurrence model for the site is divided into the
..

following:

1. Geometric specifications of local seismic regions. This step is
based on the geology and historic seismicity of the region. Sources

are identified as line sources (faults) or area sources (zones). The
largest earthquake associated with each source is established from
the historic seismicity and the state-of-the-art knowledge about the
geology and the fault-magnitude relationships.

2. Description of past seismicity in terms of earthouake occurrence.
The recurrence of earthquakes of various magnitudes is based

primarily on the historic seismicity. A straight line or set of
straight lines is fitted to the data using regression analysis.

In this manner, the assessment of active faults and maximum credible
earthquakes for the Southern-California - Northern Baja Califprnia region
adjoining the SONGS site has been made. The result of this study is being

publish ed. The appended tables and figures 2 (maps included'f 'of this study
summarized the data and the findings of the suppleaental f ault maps for
Southern California and Northern Baja California adjoining the SONGS site.
The best estimates of fault slip-rate and recurrence interval estimates for
analysis for determining the slope of the earthquake recurrence relacionship
in the region were also presented.
C3.1 Regional Setting and Data Base

The regional setting of the SONGS site is summarized in a report by
Woodward-Clyde Consultants. Publications on regional seismic, tectonic,
and geologic settings can be found in several reports.4,5,6
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The faults of this region appear to have branching relations -between the
transverse ranges and the northern San Andreas f ault system on the north and

The transversethe Salton Trough-Gulf of California region on the south.
range province is characterized by thrust or reverse-slip displacement on

Theeast-west faults and right-slip offset on northwest-trending faults.
overall .model constructed on these interrelationships is generally consistent

6 and Atwater,with fault slip-rate models based on the papers by Anderson
and the fault slip-rate data of Woodward-Clyde Consultants.

The Anderson mode 1 is based on the continuity of fault slip transferred6

northwestward on a branching sy, stem of faults that originate in the Gulf of
Californis. Wis general model for the strike-slip faults is used for the
analysis. The pattern of faults in this region is shown in Plates 1 and 2 of
Ref. 2. The plates are compiled from a variety of sources; the main sources

8 9,10 and the geologicare the fault map of California , offshore faults
maps of Baja California.11,12

C3.2 Date Base
i

It is essential that credible seismic hazard analysis has an accurate and
'

current seismicity data base. In the pr'obabilistic seismic hazard analysis,
the accurate and current data base is even more essential because earthquakes

of all sizes contribute to the hazard.
There are several specific ways in which uncertainty or unreliability in

the seismic data base will influence the results of a probabilistic seismic
hazard analysis. First, and most impor' tant, is the uncertainty in the number
of unassociated earthquake events that are contained in the host region (that
is the source region containing the site in question). It is generally the

case that this so-called background seismicity is a major contributor to the
seismic hazard. Second, the uncertainty in the location of events, in

particular the larger historical earthquakes, drives uricertainty in the
seismic zonation of the area and this in turn drives the uncertainty in the

proximity of nearby at.tive source regions. Third, whether for host regions or

.
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for other source regions, the historical record provides the only quantitative
At thebasis for assessing the frequency of large events in any region.

probabilities relevant to our study (10~ to 10 ), a credible model for

the occurrence of these earthquake events is most significant. In order to

develop as consistent and accurate a seismic data base as possible, three

individual seismic data bases were integrated into one as shown in Table 2.

Emphasis has been given to selected individual bases within the region of

southern California and northwestern Mexico.

.

Base -Time Coverage Area Coverage

Algennissen Pre-1900 AD Entire United States

CDMG* 1900 - 1974 Entire California

USGS** 1974 - 1981 Southern California

n .

Note: *CDMG: California Division of Mines
and Geology, Sacramento, CA. ui

**USGS: United States Geological Survey ,

and California Institute of
Technology, Seismological
Laboratory, Pasadena, CA.

Table 2. Seismic data bases for the region
surrounding the SONGS site.
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C3.3 Seismicity and Focal Mechanisms

The regional seismicity provided by the available seismic maps of the
Southern California - Baja California regions defines some of the major fault

The main continuous or semi-continuous zones include the San Andreaszones.

fault system from the Salton Trough northward, most of the San Jacinto fault,
and the southern portion of the Elsinore fault zone. The instrumental
seismicity record is too brief to confirm many of the major structures defined

.

by the geologic data.
The focal mechanism and geodetic data for Southern California and Northern

Baja California are generally consistent with the seismotectonic models of
Refs. 2, 3, and 6. Most of the focal mechanisms indicate a north-south
orientation for the compression azis, which is consistent with current models
for North American and Pacific plate interactions. These data are also
compatible with geodetic data for the region.

Af tershock data and the focal mechanism for the main earthquake of the

1933 Long Beach event show a right-slip displacement for a 30 km segment of
the Newport-Inglewood section of the Offshore Zone of De,f,opnation (OZD). The

section of the OZD south of the 1933 Long Beach earthquake. epicenter h'as been

characterized by only minor, scattered historic earthquai[e* activity, although
one local zone of activity was recorded in late 1981.

C3.4 Random, " Detection Level", or " Floating" Earthouakes_

In seismic or weakly seismic regions, the background earthquake activity .

includes infrequent events that may not be associated with known surface or
subsurface faults. These earthquakes are com:nonly referred to as " floating

;

earthquakes" and appear to occur in random locations or patterns that do not
! coincide with apparent faults. The epicentral region is cor=nonly oval in

shape and the af tershocks do not follow an elongate or planar distribution.
nese earthquakes have been referred to as " detection level" earthquakes. The

maximum magnitude for this type of earthquake in the eastern and central
United States is about 5.75 to 6 for the historic record. The earthquake

;-

i 13
data compiled by Liu and Kanemori show intraplate earthquakes within many;

stable parts of the North American plate, in the Atlantic Ocean, and in
|

|
intraplate settings in other parts of the world. The data show most larger ,

{earthquakes of these
i

! .:

i . ..



v . . .. . . .. .. . . . . . ..,.~ - n .. .,

.

M SU hD' 00% fbl 3 h b b - b b !L Is; E 1

intraplate settings to'have a range in magnitude of 5.8 to 6.4. Accordingly,

this range in. magnitude appears to be a very conservative estimate for
scattered, ron predictable earthquakes in the Southern California region.

C3.4 Determination of Active Faults and Maximum Earthquakes

The evaluation of active f aults within the Southern California and
Northern Baja California region is at once a problem of detecting,
delineating, and defining the character of potential seismogenic f aults and
assessing their maximum earthquakes. No component of the above three D's
(detection, delineation, or definition) is complete for the region surrounding
the SONGS site. On the basis of the literature search and the application of
the state-of-the-art knowledge about the geology and tectonics of the region,
the zones of seismogenic areas associated with active faults and fault zones
were established. For the region surrounding the SONGS site, the most

probable seismic hazard was determined that it comes from earthquake
activities associated with the Of fshore Zone of Deformation (OZD).

The determination of maximum credible earthquakes for fa,uJe zones can be ,

made either by qualitative or quantitative methods.2
~

m a
2* 3* 14 were suggested for estimating the maximumQualitative methods

credible earthquake for capable fault zones:

1. Maximum Historic Earthquake Metho'd: This method is for
non-representative earthquake, or short earthquake histories.

2. Fault Rupture Length Method: This method is for areas with

poor-to-fair field data for total rupture length during palcoseismic
earthquakes.

3. Total Displacement Method: This method is for total amount of fault'

displacement during the present seismotectonic regime.

'

,
.

,

.- ,

|
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4 Degree of Deformation Method: This method is for assessing 'the size

~

~

or degree of deformation along a fault zone in geologically young .

materials.
.

Quantitative measures of fault activity that can provide an estimate of
maximum credible earthquakes for a fault include:

1. Maximum Historic Earthouake Method: This method is for faults with a
suf ficiently long historic record that the maximum credible
earthquake has occurred.

2. Total Fault length Method: Empirical data for strike-slip faults
indicate that this method provides an indication of maximum credible

earthquakes for strike-slip faults.

3. Fault Segment, or Fractional Rupture Length Method: This method is

applicable where there is good structural, stratigraphi{ and
geomorphic data for definition of rupture elements.

4. Fault Movement Magnitude with Fractional Rupture Length'hdthod: This

method is combined use of moment magnitude with fractional fault'

rupture length application.
. .

I

C3.6 Summary: Maximum earthquake magnitude, ' fault slip-rate, and |
.

I recurrence interval |

In this subsection, Table 3 su=sarized the estimated fault slip-rate and
recurrence interval estimates for computer analysis for determining b-values

(

and to provide a basis for comparison between geologic and seismologic
infor=ation on earthquake frequency, maximum earthquake values and recurrence

.

I intervals between large earthquakes.
.

.

.' .,
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Ectimated maximum earthquzke magnitude, fault alfp rate and recurrsnca intsrvs1 for.z:nta cud faultaTable 3. of the southern California - Baja California region. Supar:cripts indicate tha follcwing rc.ferences:3
'

a. Woodward-Clyde Consultants (1979 snd 1980); b. Andsrzon (1979); c.~Sicmmona cnd cth2ra, in this-
l report; and d. Shich (1978).
..

HAX. HAGNITUDE (Hs) FAULT SLIP RATES RECURRENCE INTER' VAL IN YEARS
..

NO. ZONE OR FAULT ,
> "

Low Preferred High Lw Preferred High Shortest Preferred Longest'
' '

Max $ Est. Est. Est..

Ill s toric .
.

d d

8125" 8:5 ' 34 37 41* 160 160 357'
- .

y ,

8 8 8

] IC ., Central San Andreas f.z. '' 8.25
-

a c b b a a c c c

1S* ["SouthernSanAndreasf;z: 6S 6.9 75 15 25 25 10 21 115
.

-"~~
' ~~~ ~~

-~~ -- --

|TransverseRangesReglon
---

3 San Jacinto f.z. ".7 /l.8 '71 75 5 8* 15 52 98 34,,c. - - C c2

4 Whltier-Elsinor f.z. 6.0 * 71 8.0 ;,g 3 40" 342" 2539'b a a a .g-
.

21 3-

"I m
5 Slcrra Juarez-San Pedro' 7 5"

. --- ---
--- ---

--- ---'

7 ;,. ,---

Martir f.z. -- y
,

-------
--- --- ~'~

---

6 Coast Ranges Province ---

yh
7 Offshore Zone of g. ,

Deformation: including .S7

to Rose Canyon f.z. 6.3" 7 0" 75' O.4 0.5" 0 ,7 235' 1294' 4300* MNewport-Inglewoodw f.z. g 8 C
*

O' u;, . -q
B Northwestern Baja ,,_,,,

8 c c ___ ,,,

Callfornia Region 6.8 6.8 70 g*.:w___.,_

.4en '

9 Palos Verdes-Coronado 7 0" 7 5" 0.5" 1.0* 1.5" 431' 647 3440* E.$C

WJ--- ,

Danks f.z. -, . y ."'" '' J) ,
10 San Pedro-San D.iego C

Trough-Coronado 6.9' 75* 0.5 1.0 1.5" 355' 532' 3640
*

C c
Escarpment f.z. ---

7 0* 810 ;g 0.5 1.0" !.5* 431' 647' 9141*,

c C
--- *

--- - 7.3' _8.0 2.7 3 5" 332" fi31* 2285*11 San Clemente f.z. b'' 2.0c

12 Agua Blanca f.z.

13 Southern San Clemente- 7 0" 7 5' 2.0* 2 7" 3 5* 185* 240* 860"

Maximos-San Isidro f.z.---
intervals to be much too short. Special factors _may

Ccologic observations indicates the recurrence* ,

influence this fault zone.
,

, 9
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~ 1. Sources of Data for Table 3

The primary sources of data are the Woodward-Clyde Consultants report,
their response in.. Southern California Edison Company's response to NRC
Question 361.45 ', including Tables 361.45-2 and 3, and Anderson's results.61

Earthquake Magnitude estimates are for the lowest, generally based ~or.' the
maximum historic earthquake. . The preferred or selected value, is generally
based on Plates l' and 2, the U.S. Nuclear Regulatory Commission's Safety;

15Evaluation Report for San'Onofre in NUREG-07-12), or the maximum historie,

earthquake for. cases where it is assumed that the maxinnun historic magnitude
.

approximates the maximum. credible event' (for the Central San Andreas fault
,

zote and the San Jacinto fault zone).
The fr. ult slip-rates are based on Woodward-Clyde Ccasultants and

10Anderson. The field observations of Sieh are used for fault slip-rate

and earthquake recurrence estimates for che Central San Andreas fault zone..

i

2. Results ,

ne estimation of earthquake recurrence interval is obtained by use of thei ,

i extreme magnitudes listed under the columns of " MAX. MAGNITUDE -(M )" and the ,g

extreme values under the columns of "FAULI SLIP RATES" for the longest and,

shortest estimated recurrence intervals between maximum earthquakes. The

preferred or selected estimate uses the preferred estimates of these two parts'

*

of the table.

The method of estimation of the recurrence interval is obtained by use of
17the new fault relationships of Slemmons and Chung of & 1pithm of

maximum fault' displacement, log D = A + B (M ), where D is in meters and I
3 ,

,

A = 5.831 and B = 0.849. ne maximum displacement is converted to average !

f ault displacement, to obtair. the earthquake recurrence interval for a given
section of a fault, by the empirical relation that the average displacement is
approximately 50 percent of the maximum. No adjustment is made for the
fractional length that is involved in the above estimates. Accordingly, the

above estimates may be too high by factors of two to four times. ,

,
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C4 GROITND MOTION MODEL FOR THE SONGS SITE -

C4.1 General Form of the Model
The object of grourd motion model development is to generate a model of

prcdiction of the maximum peak acceleration which could occur'at the SONGS
site.

The methodology for developing seismic hazard curves is already well
established. Consequently, titis imposes the general form of our ground motion-
model, and by using the now well accepted combination of theoretical
considerations and actual earthquake data the ground motion model is finalized.

Following Joyner, et al. and Joyner and Boore we choose the

general form of the acceleration to be:

Yk (1)yr e

where k is a function of the magnitude M; q is a constant; and r is a measure
of the distance from the recording station to some significant point">
associated with the source. Eq. (1) corresponds to a single point-source
geometric spreading with constant - Q anelastic attenuation. Although the
rupture surface is not a point souret, it is very likely that the maximum peak
acceleration can be associated with the rupture of a limited area of the
rupture surface, thus the assumption of a point source. Most of the data from
earthquakes i.t at distances greater than 10 km from the fault zone and for
magnitudes less than 7. However, as discussed in the section on development

of the earthquake occurrence model, the SONGS site is located very close to a
This introduces general complications into ground motionmajor fault zone.

modeling. Firstly, good estimates are required for the ground motien very +

close to the fault zone where there is little data. Secondly, estimates for

the ground motion from earthquakes significantly larger than magnitude 7 are
also required. Finally, at larger magnitudes (around 7 to 8) va.-ious
magnitude scales tend to saturate. The scope of work for the SONGS-1 AFWS

Project was towards addressi::g these issues.

;

.
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In order to improve upon the Joyner - Boore model in' the near-field .

- weighting schemes were introduced and alternative measures of distance were -

explored. Hopefully, alternative weighting schemes would also lead to an
improved capability to predict the ground usocion for large anagnitude events.

.

C4.2 The Data

The most complete and representative set of data ayailable at the time of
al.18 ' This set of data was used, butthe study was presented in Joyner, et

it was also recognized 3*- lj;.nitationswithrespect to the intended use of the
ground motion model. Ms expansion of the ' data set has been almost completed
at the time the project was stopped. Thus, what follows is only for the
Joyner, et. al.18 data set.

Basically, the data were taken from Ref. 20. The sources for the more

recent data include Porter 21, Procella Procella, et al. . Brady, et
,

41.24 and Boore and Procella.25
The main limitation in this set of data resides in the fact that the

maximum value of both 6.orizontal components was selected as the data point for
each recording. This is not current practice in the engineering profeUsion,_ *.

'

and it is not realistic aince the actual direction of the maximum peak occurs
'

in a random direction. The net effect of this choice (of the maximum
0

component) is a conservative ground motion model. Campbell examined this

question for a similar data set and found that when only the maximum component
was used, it lead to results that were 13 percent hi:',her on the average than
when. both components were used. ]

Another limitation appears, especially among the recent data, when one |

realizes that some of the data were provided by stations close to the faults.
As the stations come closer and closer to the fault, the problem of defining ;

the distance, r, of Eq. (1) becomes more and more dif ficult. Ideally, one
would work with the distance to the point on the rupture that contributes the
maximum peak motion, but it would be dif ficult to determine the location o'f ,

that point for most carthquakes and practically impossible for past
earthquakes. Furthermore, it is not sure that the maximum peak is created by *

-

.

a

s
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the rupture of a single :one.- Joyner, et al.18 used the closest distance to
-

.

the surface projection of the fault rupture as the horizontal component of the
station distance, and 'the vertical- component is an empirical value which is .e

determined by a minimization process.
Another undesirable aspect of thi's data se , is the uneven (non-uniform)' ,r

distribution ot 'the data points in the ' sample space. This is a general

characteristic of all earthquake catalogs and has been the reason for many
different approaches by researchers. Joyner and Boore19, Campbell 20,

Askins and Cornell. A list of the data set used in our analysis is

available in Joyner, et al.1 -

C4.3 Fit of the Ground Motion Model to the Data

Several forms of the general form Eq. I were actually studied, but in al1,
cases the type of material (Soil vs. Rock) was neglected as an independent'

- variable since Joyner, et al.U have concluded that the ground quality was
insignificant.

Le regressions performed in the following analyses were all linear
regression with independent identically distributed (i.i.d.) residuals.

ne various equations considered for the regressions were as follows:
.. .

y + b M + b Log r + b R (2)Lo g a = b 2 3 4

y+bM+bkgr (3)Lo g a = b
2 3

where: M has been successively taken as the moment magnitude and the
local magnitude,.

r has been successively taken as the distance defined above
by Joyner, et al.1981, and the distance to the center of
energy, whenever it was possible to do so.

b has been set to -1 in a series of calculations, as per Eq.
3

(1), and set free in others.

Two types of regressions-analyses were performed. In the first type, th e

method developed by Joyner, et al. , was exactly duplicated. This method

*
.

.
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consists of a series of two successive regressions. In the first regression,

the quantity (by + b M) is lumped into a single value, e , constant for2 t

each earthquake. That is all da't . points associated with the i-th earthquake

have a constant, et, to be determined in the first regression. In the

y + b M is fitted to the set of c's assecond regression the equation: b 2

per Eq. (4) . .

(4)e=by+bN2

In their study, Joyner, et al. , had first considered a quadratic

equation for Eq. (4) but finally concluded that the second degree term in M
.

,

was insignificant and discarded it. The net result is to actually decouple

magnitude from distance. This technique has the effect of weighting equally
each earthquake with respect to the determination of the magnitude dependence. ,

In the second type of regressions, a single regression was performed with
several types of weighting to try to alleviate on the one hand, the lack of
data in some regions of the sample space, the abundance of it in others, and ,

!the paucity of data points associated with some earthquake as opposed to the s

I
large number for others ' (for example, Daly City 1957 vs San Fernando,1971). = = =
In the case of the " earthquake weighting," the weight was simply the inverse, , j

i

of the nu:ber of records for a particular earthquake. For the " Distance j

!weighting," the distance axis was divided into four adjacent bands: 0-20 km,
'!

20-100 km, 100-200 km, and greater than 200 km. The weight associated to a

data point, a t, whose distance was in the j-th band (j = 1,2,3,4) was the f
inverse of the total number of data points whose distance fell into that same !

i
*

band.
Both earthquake and/or distance weighting were analyzed. In the analyses ;

-

that were performed here with the Joyner, et al.18 technique, th e i
1

earthquakes to which only one data point was associated were eliminated, as in .

the case of the Joyner, study. This then obliged us to perform regression
with this same truncated set in the second type of analysis also. Thus, two ,

I
analyses were performed with the single regression analysis: one with the

single record earthquake, and one without. ,

All the results of these analyses are presented in Tables 4, 5 and 6.
i

They are shown below. ;

i

<

1
*t

!
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b- at c2 0Eq bl_ b2- b3 4
form

Moment Magj,
2 -1.02 .249 -1 .00255 222 .134- .259..

2 .95 .258 -1.096 .00209 .222 .134 .259:

3 ' .56 .231 -1.322 0 .228' .122 .258

Local Mag

2 -1.48 .336 -1 .00299 .216 .142 .259

2- -1.43 .343 -1.075 .00261 .217 .142 . 259

3 .85 .288 -1.340 0 .226 .125 .258 .

.

Distance to Center of Energy
,

%-

b3 b4 1 2Eq bt b2
form

Homent Mag -

2 -1.02 .251 -1. .00246 .228 .144 .270

2 .97 .259 -1.078 .00209 .228 .144 .270

3 .59 .236 -1.316 0 .234 .138 .272
-

s

.

--

ci is the standard deviation of the residuals due to the first
regression ,

c2 is the standard deviation of the residuals due to the second
regression.

a is the standard deviation of the residuals af ter both
regressions combined.

.

The regressions were performed with two alternative definitions of magnitude
(i.e., Moment magnitude and local magnitude) and two definitions of distances
(i.e., Closest Distance and Distance to Center of Energy).

Table 4. Results for Joyner, et al. - Method Analyses Closest Dis,tance.

,
.

o
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i

Log R 4 bREq. fitted Log a = b +by+b3 4p

Weighting W Distance b b by 2- 3

b4
W/u

.

W1 W Closest -1.82 .462 -1.37- .000899
W1 W En. Center -1.88 .477 -1.39 .000947
W1 W/O Closest -1.69 427 -1.29 .00122
W1' W/0 En. Center -1.75 .448 -1.33 .0012
W2 W Closest -1. 68 - 437 -1.38 .0008S9

'

W2 W En. Center -1.82 .469 -1.39 .00103
W2 W/0 Closest -1.58 .371 -1.11 .00193
W2 W/O En Center -1.73 .406 -1.13 .00204

W3 W Closest -1.24 .327 -1.19 00116

W3 W En. Center -1.46 .393 -1.29 .00124

W3 W/0 Closest -1.18 .313 -1.17 .00125

W3 W/0 En. Center -1.41 .381 -1.26 .00133

Key: W1 = veighting by No. Recds in R band and No. Reeds in R band for
each Eq.

W2 = No. of Reeds in R band and No. of Recds in Eq.

W3 = No. of Reeds in the R band.
W = with the single-record earthquakes

W/0 = single-record earthquakes are discarded.

Table 5. Results for the Single Regression Analyses.

.
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b4b- b3Eq W ~ Distance bt 2

Torin - W/0

2 W- Closest -1.13 .271 -1 .00207- .246
2 W Closest -1.05 .271 -1.071 ' .00166 .247 -

/ 2 W/0 Closest -1.01 .253 -1.004 .00191 .230
'- 2 W- En. Center -1.45 .357 -1.104 .00213 .254-

3 W Closest .72 .251 -1.27 0 .251
5 3 W En. Center -1.07 .342 -1.37 0 .261

\ .

%

! For definition of symbols see Table 3.
*

1

Table 6. Results for. the single regression analyses, without weighting and
!- with-Local Magnitude.

:
!
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C5. BETA-FACTORS FOR' PIPE COMPONENTS

6

; . Table 7 through 18 contain load scale factors '(beta-factors) for use _ in -

5 relating the fragility of individual piping' components to the fragility of the ;
master (reference) piping component. A 6 in. schedule 160 carbon-steel butt
veld pipe joint represents the master component. The load scale-factors are

i defined as:
;

Capacity of reference pipe component
beta = Capacity of pipe component under consideration *

.

'Ibe fragility of the master pipe component is represented by a cumulative
distribution function of percent probability of failure as a function of

j resultant moment capacity with log normal parameters:

5
median = 2.03 x 10 ft-lbs

B = .42
. .. .

~ Le a
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C6. STRUCTURAL TRAGILITIES

-The evaluation of the potential seismic failure modes of a system as ,

complex as those at the SONGS Unit 1 involves consideration of a great many
items such as strengths ~and building respcuse characteristics. In most cases,

values of many of she parameters affecting structural seismic capacity levels
are not known exactly and substantial dispersion may exist. This dispersion

can result from sources of inherent randomness and from uncertainty concerning
the values of the sources. Randomness is considered to represent those

sources of dispersion which cannot be reduced by additional analysis or more
Uncertainty can be considered to be the result of lack of knowledge ofdata.

such parameters as material properties, as well as approximations in
analytical modeling.

Structural fragilities are defined by estimated median seismic capaqities
and their variabilities due to randomness and uncertainty. The median .

capacities and variabilities account for structural strength and inelastic
energy absorption capabilities. Estimation of these quantities is dependent

to a significant degree of engineering judgement as well as available test
.

.

,s '

data. To determine the earthquake level at which structural f ailure occurs, 2,-

structural capacity is compared to estimates of seismic response which account _,

for damping, modal combination, earthquake directional components , and

soil-structue interaction. Structural strength and ductility are assumed to

be lognormally distributed since this distribution seems to provide a good

I representation of the sources of structural variability. The lognormal
distribution is also mathematically convenient for definging fragility curves. ;

SONGS-1 structures included in the fragilities evaluation are: reactor

i building, centainment sphere, sphere enclosure building,
control-administration building, diesel generator building, turbine generator
pedestal, north turbine extension, west feedwater heater platform, and the
fuel storage building. Structural failure is defined as occurring when
inelastic seismic structural deformations are of sufficient magnitude to
potentially interfere with the operability of attached equipment. These

deformation limits correspond to the onset of significant structural damage.

Potential failure m' odes were identified for each of the SONGS-1 structures
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included in this study by establishing the seismic load paths and comparingt

expected load distributions to available capacities for the ele:nents of each
load path. Particular attention was given to possible weak links and
details. The more likely failure modes were screen'ed for more detailed
investigation.-

Determination of. median capacities for fragility curve formulation is

.- .

dependent on estimates of structural response due to seismic excitation.i
Final results from the SONGS-1 structure model analyses were not yet available

,

at the-time the project was stopped. These analytical results were to provide
the correl'acion between earthquake input and structural failure. Median
structure strengths and variabilities for the identified f ailure modes were
only partially completed at the time the project was stopped. These median
strengths account for, median material properties estimated from actual
P ant-specific test data where available or by comparison to other datal

.

bases. Predictive models derived from actdal test data were used whenever
? possible to estimate median element strengths. These models eliminate desigu
5 conservatism normally associated with building code requirements. Ref erenc e

28 provides more details.
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