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FOREWORD

{ Progress Report number 10 of SSMRP is the sixth to be issued as a NUREG report. The first five
! in this series are available from Lawrence Livermore National Laboratory under the numbers ME79-206
! through ME79-210. Progress Report number 10 initiates the reporting of Phase II of SSMRP.
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ABSTRACT.

This document is a progress report on the Seismic Safety Margins Research Program (SSMRP) ;

covering the period January 1,1981 through March 31,1981. The report gives a general description
of the program, together with financial summaries and individual project details. Each project is summar-
ized to show accomplishments, schedules, milestones and completion dates, budget and expenditures,
and any concerns that may affect the project.
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SEISMIC SAFETY MARGINS RESEARCII PROGRAM (PIIASE II)
FIN A0126 and A0130

GENERAL DESCRIlrTION

Personnel
NRC Program Manager: C. W. Burger
Contractor: Lawrence Livermore National Laboratory (LLNL)
LLNL Program Manager: P. D. Smith
LLNL Deputy Program Manager: R. G. Dong

Program Dates and Cost
Starting date: February 1978
Ending date: September 1984

Justification
NRR User ReqMst No. 76-5, dated June 16,1977

Objectives
The objectives of the Seismic Safety Margins Research Program (SSMRP) are to:
1. Estimate the degree of conservatism of the present Standard Review Plan (SRP) seismic

safety requirements.
2. Develop improved requirements and methods for safety assessment.

Approach
The approach toward achieving the program objectives is to develop probabilistic methodology

that more realistically estimate: the behavior of nuclear power plants during an earthquake. This meth-
odology will be tested against experimental data wherever possible. The work of the program is being
performed in three phases:

1. In Phase I, the methodology is developed. Models for seismic input, soil-structare inter-
action, dynamic response of structures and subsystems, and fragility are developed and
combined using a probabilistic computational procedure. Sensitivity studies to gain en-
gineering insight into seismic safety requirements have been started. The results will help
determine priorities for the Phase II effort.

2. In Phase II, additional models and probabilistic procedures will be developed . Teese in-
clude selected subsystems, components, and structures not included in Phase L Sensitivity
studies started in Phase I will be completed. The methodology will be used to estiraate the
degree of conservatism of the SRP seismic safety requirements and to develop improved
methods for safety assessment. The probability of failure of systems, components, and
structures, and the proba~oility of radioactive releases from a range of earthquake levels
will be used to define needed improvements in the methodology. Necessary validation
improvements will be carried out and the validated methodology will be used to refit.e
estimates of conservatism and define the seismic contribution to reactor risk.

3. In Phase III, the validated methodology from Phase II will be used to recommend changes
in the SRP seismic safety requirements, if needed, to obtain improved deterministic re-
quirements.

1
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Prior Year Completions
Seismic Safety Margins Research Program - Program Plan, Revisions 0, I, and 11

Current Year Scope
The scope of Phase 11 willinclude work on the following projects:

1. San Onofie Nuclear Generating Station Auxiliary Feedwater System
II. Seismic Input

III. Soil-Structure Interaction
IV. Major Structure Response
V. Subsystem Response

VI. Fragilities
VII. Systems Analysis '

Vill. SMACS and 13E-EMS

!
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Expenditures for FY 81, Grand Totals (FIN A0126 and A0130)
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a. End of Phase 1
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Phase I Budget Summary, Grand Totals
(FIN A0126 and A0130)

,

Segment Budgeted Amounts ($1000)

Operating Equipment Total

Prior year (FY 78) 244 0 244

Prior year (FY 79) 2062 0 2062

last year (FY 80) 3075 0 3075

Cunent year (FY 81) 726 0 726

Totals 6107 0 6107

Phase II Budget Summary, Grand Totals
(FIN A0126'and A0130)

Segment ~ Budgeted Amounts ($1000)

Operating Equipment Total

Orrent year (FY 81) 1974 50a 2024'

Totals 1974 50a 2024a

a. No equipment funding suthorization.

4
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! GENERAL PROGRAM MANAGEMENT
FIN A0126
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Expenditures for FY 81, General Program Management (FIN A0126)
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Phase i Budget Summary, General Program Management (FIN A0126)

Year Budgeted Amount ($1000)

Prior year (FY 78) 121

Prior year (FY 79) 447

Last year (FY 80) 550

Current year (FY 81) 193

^ tal 1311o

_ _

a. End of Phase I.
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Phase 11 Budget Summary, General Program Management (FIN A0126)

Year Budgeted Amount ($1000)

Current year (FY 81) 366

Total 366

<
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GENERAL PROGRAM MANAGEMENT

A. Accomplishments
During the quarter, computations for Phase I of the SSMRP have been completed and documenta-

tion of the Phase I results is under way.The overview and summary for Phase I, " Seismic Safety Margins
Research Program, Phase I Final Report - Overviev.," UCRL-53021, Vol.1, NUREG/CR-2015, Vol.1,
March 6,1981, has been completed and a camera-ready copy transmitted to the NRC. Subsequent
volumes of the Phase I Final Report will provide detailed descriptions of the Phase I technical effort.

A review of the SSMRP and Phase I results was presented to the Advisory Committee on Reactor
Safeguards (ACRS), Subcommittee on Extreme Phenomena, on January 29 and 30,1981.The presenta-
tion was well received and the meeting marks the close of Phase I of the program.

Before the ACRS meeting, a meeting with the Senior Research Review Group (SRRG) was held at
LLNL on Janutry 28,1981. The purpose of the meeting was to go over the Phase I results with the
SRRG members and with the NRC/RES and NRC/NRR members in attendance.

! A work plan for a study of the San Onofre Nuclear Generating Station (SONGS) Unit 1 Auxiliary
Feedwater System (" Seismic Safety Margins Research Program, Project I SONGS 1 AFWS Project,"

; UCID-18959, February 24, 1981) vos written and transmitled to the NRC. This document reDects
numerous discussions with NRC/RES and NRC/NRR personnel on the subject. This study will be the
first application of the SSMRP m.thodology to a licensing issue. The proposed budget for this study is
$900,000, spread between FY 81 and FY 82. An agreement has been reached with Southern California
Edison Company to provide the necessary design information and drawings for SONGS Unit 1. The
SONGS Unit I study will be managed under Project I of the SSMRP. Although the technical work will

. spread over all piojects of Qe SSMRP, progress will be reported nrincipally by Project I to maintain a
i cohesive p'eture of the effort.
j Due to the addition of the SONGS Unit I study to FY 81, and the magnitude of the effort, the

work scope for FY 81 needs to be revised. This revision is not yet firm; therefore, the tasks, milestones,
schedule, c.,d cost per task conveyed in this report are subject to change. For the sake of consistency in
format with past progress reports, we chose to relate our progress with respect to the tasks, milestones,
schedules, and cost per task as we see these items today. The tasks are generally quite different from
those in past progress reports.

A proposed work scope for the SSMRP in FY 82, dated March 18,1981, was transmitted to the
1

NRC as FIN /189A No. A0126 and FIN /189A No. A0130, B&R 601910 06.
Fleven papers based on SSMRP Phase I results were written for the Sixth International Conference

'

on Structural Mechanics in Reactor Technology. All eleven were accepted and were transmitted to the
Commission of the European Communities, Brussels, Belgium,in early March 1981.

For Project I, SONGS 1 AFWS, work on the SONGS Unit I study will begin as soon as the NRC's
,
'

endorsement of the proposed work plan is received. In Project II, Seismic Input, the effects of changes
i in zonation and earthquake occunence models are being studied, and considerable progress is being made

in transferring contractor developed computer codes to the LLNL system. A comparison of structural
! raponse as computed by the FLUSII and CLASSI codes is nearing completion in Project III, Soil-
| Structure Interaction. Studies on soil amplification and three-dimensional nonlinear soil-structure inter-
: action are continuing. In Project IV, Major Structure Response, the study to quantify the variation

in structural dynamic response introduced by model assumptions is being documented. A draft of the
Phe;e I final report for Project IV has been completed. Response computations necessary for Phase I

,

; for Project V, Subsystem Response, were completed. In the SMACS Sensitivity Study, which resides in
Project V, 22 time histories were determined to be an insufficient number for a good statistical sampling
for subsystem response whereas 30 time histories were found to suffice.The uncertainties in subsystem
modeling was found to be the most important contributor to subsystem response compared with major
structure modeling, soil-structure interaction modeling, and one particular characterization of seismic
input. A draft of the Phase I damentation of Project V has been comple*ed. In Project VI, Fragilities.

8
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component and structural failure probabilities were hand calculated to provide analytical validation for
the SEISIM code being developed by Project Vil, Systems Analysis. In Project VII, the user's manual
for Option 1 of SEIS31 has been completed. Analysis of Zion 1 fault trees for Phase I is complete, as
is the construction of accident sequences. Conversion of SMACS from the CDC 7600 to the CRAY
computer has been completed in Project VIII, SMACS and BE-EMS.

B. Next Quarter
Efforts planned for the next quarter are ss follows:
1. Upon receiving NRC endorsement, begin the SONGS Unit I study.
2. Complete the documentation of technical work and results of Phase 1.
3. Complete Task 111.3.2 (comparative linear analysis of Zion multistructure configuration)

of the soil-structure interaction study.
4. Complete the planned SMACS sensitivity study, which assesses the contribution to sub-

system response uncertainty due to seismic input, soil-structure interaction modeling,
major structure modeling, and subsystem modeling.

5. Prepare handbook on fragilities.
6. Begin the sensitivity studies planned for Phase II.
7. Refine the SEISIM code.
8. Propose a schedule for transfer of SMACS analytical capability to the NRC.

C. Concerns
1. Technical

None.
2. Schedule

None.
3. Cost

Because of the relatively high rate of spending during the first half of F.Y 81 to completei

Phase I in a timely manner and to document the Phase I work and results, the funds for the re-
mainder of FY 81 are disproportionately low. The projected SONGS 1 effort will consume a
major portion of the remaining FY 81 budget. Consequently, the Phase 11 effort, other than
SONGS 1, will be minimalin FY 81.

*
.

}

,
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PROJECTI
SAN ONOFRE NUCLEAR GENERATING STATION

AUXILIARY FEEDWATER SYSTEhla

Personnel
NRC Program Manager: C. W. Burger
NRC Project Manager: C. W. Burger-

Contractor: Lawrence Livermore National Laboratory
lLLNL Project Manager: T. Y. Chuang

Objectives
1. Identify the weak links in the auxiliary feedwater system (AFWS) of the San Onofre Nu-

clear Generating Station (SONGS) Unit 1.
2. Compare the probabilities of failure of the AFWS for Zion Unit I and SONGS Unit 1.
3. Compare the seismic responses of structures and piping systems of AFWS due to different

input spectra and design values.

;

i

!

l

4

4

a. FIN unknown at present.
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Expenditures for FY 81, Project I, San Onofre Nuclear Generating Station
bAuxiliary Feedwater System
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Phase 11 Budget Summary, Project I, San Onofre Nuclear Generating Station
Auxiliary Feedwater System

Year Budgeted Amount (S1000)

Current year (FY 81) Note a

Total 0

a. Planned expenditure for FY 81 not yet established.
b. FIN unknown at present.
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PROJECT I, SAN ONOFRE NUCLEAR GENERA's ING STATION
AUXILIARY FEEDWATER SYSTEM

A. Accomplishments
The final work plan has been developed and published as an LLNL document (UCID-18959).

This work plan was submitted to the NRC on February 24,1981 for approval.

B. Next Quarter
Upon NRC approval, the project will be executed.

C. Concerns
1. Technical

None.
2. Schedule

None.
3. Cost

; None.
,

3

i

:

!

6

i
1

4
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PROJECTII
SEISMIC INPUT

FIN A0126

Personnel
NRC Program Manager: C. W. Burger
NRC Project Manager: C. W. Burger
Contractor: Lawrence Livermore National Laboratory
LLNL Project Manager: D. L. Bernreuter

Objectives
1. Refine and document Phase I results.
2. Generalize and complete transfer of computer programs developed by TERA under LLNL

direction to LLNL system.

Task Description
Task 11.1 - Refinement of Phase I Results

The objective of this task is to make additional sensitivity runs to better understand the
importance of certain parameters and assumptions made. In particular, our sensitivity studies will

*

illustrate the importance of: (1) alternative seismic zonation;(2) the manner in which the largest
earthquake for a given seismic zone is treated;(3) the effect of the ground motion model on the
hazard; and (4) variations in the parameters of the earthquake occurrence model. Also under this

i task, v,e want to assess the effect of the changes in the zonation and earthquake occurrence
models resulting from the feedback meetings with our panel of experts. Also included in this task
is the completion of the generation of time histories.

| Task II.2 - Transfer of Technology
The objective of this task is to cover the transfer of the computer program developed by

TERA in Phase I to the LLNL system from the Berkeley system and to ensure that LLNL person-
nel understand all facets of the various computer programs developed by TERA for Phase I of the'

SSMRP. Three computer codes are involved: (1) DOALL, which is used k, develop the earthquake
occurrence model for each source zone;(2) IIAZARD, which is used to develop the hazard curve;
and (3) HAZARD-MC which is the Monte Carlo code developed from IIAZARD and used to gener-
ate the spectra from which the time histories are generated.

Task II.3 - Generalization of the IIAZARD-MC Computer Program.

The objective of this task is to modify the Monte Carlo version ofIIAZARD to efficiently
,

handle narrow fault zones typical of the western United States.

Task 11.4 - Project Coordination and Documentation
! The objectives of this task are to coordinate the activity of the project and to develop the
'

final report and presentations.

!

I

i
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Pt.) ject 11 Schedule

FY 80 FY 81 FY 82
TASK

A|M A|S ON D J F M A M J J A S O N D J F MJ JF M

2.1 2.22.32.42.52.6
11.1 y 99 y
Refinement of Phase I results

| |

| |
2.7 2.8 2.9 2.10gg ,

Transfer of technology |
____

II 3

f'
'

Generalization of the
ilAZARD-MC computer

| g
-

program

11.4 2.13 2.14
' V VProject coordination and

documentation h __________

|

.

| 16



, _ _

Project 11 hfilestone Dates

Original Revised
Target Target Completed

hiilestone Date Date Date

2.1 Initiate additional sensitivity studies and 10-1-80 10-1-80

complete development of all time histories

2.2 Complete development of all boxes of time 12-15-80 12-15-80

histories for Phase I

2.3 Begin assessment of feedback data 1-15-81 1-15-81

; 2.4 Start drafting final report 2-1-81 2-1-81

2.5 Complete assessment of feedback results 3-15-81 3-15-81

2.6 Complete all sensitivity runs 5-1-81

2.7 Start transfer of technology (DOALL and ilAZARD) 1-15-81 1-15-81

2.8 Start transfer ofIIAZARD4fC 4-1-81

2.9 Completion ofinternal User hf anual for 6-1-81
DOALL and IIAZARD

2.10 Completion ofinternal User hianual for 9-1-81

IIAZARD-h!C

2.11 Initiate changes in liAZARD-htC 4-15-81

2.12 Completion of ci:anges in HAZARD-h!C 7-15-81

2.13 Documentation of Phase I results - draft 5-15-81
report transmitted to NRC

1

2.14 Documentation of Phase I results - camera-ready 7-1-81

copy transmitted to NRC

i

e

17
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Project 11 Topical Reports

Original Revised
Target Target Completed

Report * Date Date Date

SI-1. Feasibility of using ARMA models to simulate 9-79 7-79
earthquake time histories.

SI-2. Simulation of time histories parameterized 12-80 9-80
by magnitude, epicentral distance and site
conditions using ARMA mode.ls.

SI-3. Differences between body wave magnitude in 4-80 4-80
the Eastern and Western U.S. and the interrelation
between local body and surface wave magnitudes.

SI-4. Assessment and expansion of the strong ground 4-80 4-80
motion data base.

SI-5. Relative effect of Q on the strong ground motion 7-80 7-80
from earthquakes between the Eastern and
Western U.S.

SI-6. Improved Bayesian methodr .ogy for development 12-80 5-81
of site dependent spectra.

* Published reports are listed under Reports Generated by the SSMRP, following the Project VIII progress report.

Subcontractors
1. Dr. O. Nuttli (consultant)
2. Dr. N. Toksoz (consultant)
3. Dr. M. Sbar (consultant)
4. Dr. A. Cornell (consultant)
5. Dr. T. McEvilly (consultant)
6. TERA Corporation, Perkeley, CA (Tasks 11.2 and II.3)
7. Dr. D. Veneziano (consultant)

18;
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Expenditures for FY 81, Project II, Seismic Input (FIN A0126) !
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Phase I Budget Summary, Project II, Seismic Input (FIN AOl26)

Year Budgeted Amount ($1000)

i Prior year (FY 78) 23|

Prior year (FY 79) 249

Last year (FY 80) 319

Current year (FY 81) 21

TotM 612

|

|
|

a. End of Phase 1.
1
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Phase II, Budget Summary, Project II, Seismic Input (FIN A0126)

Year Budgeted Amount ($1000)

Current year (FY 81) 96

Total 96

Project II, FY 81 Cost Breakdown

Amounts ($1000)

Task FY 81 YTD
a bBudget Spent

11.1 Refinement of Phase I results 35 35

II.2 Transfer of technology 25 25

11.3 Generalization of HAZARD-MC computer program 25 0

II.4 Project coordinatic,n and documentation 32 29

Totals 11 ~7 89

a. Proposed
b. As of March 31,1981

,

9
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PROJECT II, SEISMIC INPUT

A. Accomplishments
Task II.1, Refinement of Phase i Results - We evaluated (in conjunction with the site specific

spectra project) the effect of the changes in zonation and earthquake occurrence models resulting from
our feedback meetings with our expert-panel members. Additional sensitivity runs have been made,

to better understand the influence of the key input parameters on the hazard
using the llAZARD code,4) probabilities of exceedence.at low (order of 10-5 to 10

Task II.2, Transfer of Technology - Considerable progress has been made in transfering the
codes to LLNL system and in understanding the internal workings of both DOALL and llAZARD. Both
codes are now running on the LLNL system, but we still need to improve the plotting capabilities of
both codes.

Task II.3, Generalization of the H AZARD-MC Computer Program - This task is not scheduled
to begin until next quarter.

Task II.4, Project Coordination and Documentation - We put considerable effort into developing
the presentation for the ACRS meetings held on January 29 and 30,1981. We have also started work on
the final report.

B. Next Quarter
- In the next quarter we will complete the final report documenting Phase I.- We will also improve

the plotting capabilities of DOALL and liAZARD and start working on liAZARD-MC.

C. Concerns
1. Technical

None.
2. Schedule

None.
3. Cost ,

The cost of updating the hazard curve to account for charges introduced by the feedback
loop and second round questionnaire was higher than anticipated. The main reason for this was

| that several experts extensively revised their models, requiring significantly more effort than
budgeted. Also, the preparation for the January ACRS meeting took significantly more effort than
anticipated. This puts us in a very tight budget situation.

l

{

.
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PROJECT III
SOIL-STRUCTURE INTERACTION

FIN A0130

Personnel
NRC Program Manager: C. W. Burger
NRC Project Manager: J. F. Costello
Contractor: Lawrence Livermore National Laboratory
LLNL Project Manager: J. J. Johnson

Objectives
1. Using state-of-the-art analysis methods, develop transfer functions that relate the free-

field ground acceleration time histories to basemat and ia-structure response.
2. Identify important parameters in the soil-structure interaction phenomenon through

sensitivity studies.
3. Compare analysis techniques for a number of critical parameters.

Task Description
Task III.1 - Analytical Development

The analytical development task implements the computer software necessary to execute
the soil-structure interaction project. Implementation of the CLASSI and FLUSil computer
programs and other supporting software at LLNL or LBL is to be accomplished. Pieprocessing and
pstprocessing of data must be done to execute the main analytical tools and compare the results.

Task III.7 - Response Computation Soils input Data
The response computation input task encompasses (1) preparation of the required soils

input information to SMACS for the SSI portion of the seismic analysis,(2) development of soil
,

characteristics and their variability for increasing levels of excitation. and (3) generation of the'

impedance functions and scattering matrices for representative excitation levels.
|

Task III.3 - Sensitivity Studies
Three sensitivity studies are to be perfonned. Their purposes are (1) to provide guidance to

SMACS and SEISIM as to potentially important factors to be included in the analysis and (2) to
establish the biases in response due to different modeling assumptions.

Task 111.3.1 - SSI Phenomenon
Investigation of the effects of embedment, structure-to-structure interaction, wave passage,

and varying soil material properties on dynamic response is accomplished using the substructure
approach for the Zion nuclear power plant.

Task 111.3.2 - Comparative Linear Analysis of Zion Multistructure Configuration
For comparison purposes, soil-structure interaction analysis of the Zion nuclear power

l plant will be performed by the substructure approach and the linear direct method of analysis.

Task 111.3.3 - Comparative Analysis of Linear and Nonlinear Techniques
Soil-structure interaction analysis of a simple structure with characteristics approximating

the Zion reactor building will be performed by the substructure approach, linear direct method of
analysis and nonlinear direct method of analysis.

|
'
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~ Task III.4 - SMACS/SSI Sensitivity Studies -
The objective of the sensitivity studies is to investigate the adequacy of the assumptions of

the Phase I model and their effect on the figures of merit-structural response and probability of''

| radioactive release. Four' key items require additional consideration: (1) soil property variations;
(2) flexible basemat for the Zion Auxiliary-Fuel-Turbine building;(3) structure-to-structure inter-
action; and (4) the effect of local nonlinear behavior, i.e., soil-structure separation. In addition,4

.
the use of soil shear modulus and damping as an effective mechanism to incorporate uncertainty

I in SSI will be reevaluated. Special consideration will be given to their ability to represent random
and modeling uncertainty distinctly as we wish to do in Phase II. Phase I results will be evaluated,

| for generieness in light of the unique features of Z on with respect to SSI.

Task III.5 - Project Coordination
- The purposes of this task are to provide guidance on technical, administrative, and budget

; matters for the project and to interface with the other SSMRP projects.
1

I

1

i
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Project Ill Schedule

| FY 80 FY 81 FY 82
TASK

FfMA|M|J|J S|O N|D|JA FMA M J J A S O N D J F M

ytical development,

s nse computation soils
_

l |
111.3 .1 3.3
Sensitivity study - SSI

|
phenomenon

111.3 .2
3.5Sensitivity study - compara- y

tive linear analysis of Zion ---

multistructure configuration ---

.

a 1 near and n n inear

|
|| 111.4 3.8

| SM ACS/SSI sensitivity V
studies

M I
3.9 3.10111.5

U---------Project coordination

|

|i
| |

25

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



_. _ _ _ _ . m-

J

Project Ill Milestone Dates

Original Revised
Target Target Completed

Milestone Date Date Date
,

3.1 Complete soils input variability for SMACS 11-1-80 11-1-80

3.2 Documentation on response computations - 2-28-81 6-15-81

draft report transmitted to NRC

3.3 Documentation of SSI Sensitivity Studies - - 10-16-80 10-16-80

draft report transmitted to NRC

| 3.4 Linear FEM analysis complete 2-1-81 1-15-81

3.5 Documentation oflinear FEM vs. substructure 3-1-81 5-15-81

approach complete (Task 111.3.2) - draft report
transmitted to NRC

3.6 Nonlinear analysis complete 3-1-81 3-1-81

3-

3.7 Documentation of nonlinear sensitivity study 4-1-81 6-1-81

complete (Task 111.3.3) - draft report trans-
mitted to NRC

3.8 Initiate flexible foundation, soil property 10-1-81
variations, and shear modulus damping study

,

3.9 Documentation of Phase I results - draft report 6-15-81

transmitted to NRC

| 3.10 Documentation of Phase I results - camera ready 7-1-81

copy transmitted to NRC

Project 111 Topical Reports

Original Revised
Target Target Completed

Report * Date Date Date

SSI-1. Soil-Structure Interaction (SSI) Review Reports 6-80 8-80

assessing the state-of-the-art of SSI analysis
methodology, accuracy, uncertainties, and

'
itemizing benchmark problems. ,

,

4
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Project 111 Topical Reports
(continued)

Original Revised
; Target Target Completed

Report * Date Date Date

! SSI-2. Sensitivity Study of Soil-Structure Interaction 6-80 10-80
phenomenon for structure-structure interaction,
soil properties and soil configuration, wave
passage, and azimuth effects for Zion nuclear
power station using continuum analysis approach.

f
SSI-3. Sensitivity study comparing linear Gnite element 9-80 5-81

analysis with continuum analysis approach for Zion
'

nuclear power station.

SSI-4. Summary of nonlinear analysis Task with I l-80 5-81
evaluation of future work to be done for the

i development, verification, and comparison of
nonlinear SSI method. .vith linear techniques.

* Published reports are listed under Reports Generated by the SS51RP, following the Project Vill progress report.

!

Subcontractors
1. Prof. J. E. Luco, University of California, San Diego

j 2. Prof. J. Lysmer, University of California, Berkeley
3. Prof. J. Roesset University of Texas
4. Prof. II. B. Seed, University of California, Berkeley
5 Prof. A. Veletsos, Rice University
6. Prof. II. L. Wong, University of Southern California
7. Prof. T. Ilughes, California Institute of Technology
8. Prof. J. Prevost, Princeton University

|

:

|

|

|
|
i

!
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Expenditures for FY 81, Project 111, Soil-Structure Interaction (FIN A0130)

500 , , , , , , , g , ; ,
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- - - Actual-
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Month, FY 81

Phase i Budget Summary, Project Ill, Soil Structure Interaction (FIN A0130)

Year Budgeted Amount (51000)
,

!

Prior year (?Y 78) 22

Prior year (FY 79) 131

Last year (FY 80) 380

Current year (FY 81) 28

Total 561

a. End of Phase 1.
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Phase II Budget Summary, Project Ill, Sail-Structure Interaction (FIN A0130)

Year Budgeted Amount ($1000)

Current year (FY 81) 155

Total 155

Project III, FY 81 Cost Breakdown

Amounts ($1000)

Task FY 81 YTD
a bBudget Spent

III.1 Analytical development 5 5

III.2 Response computations soils input 30 5

III.3 Sensitivity studies

3.1 SSI phenomenon (CLASSI) 0 0

3.2 Comparative linear analysis of
Zion multistructure configuration 65 55

3.3 Comparative analysis oflinear
and nonlinear techniques

!
! 3.3.1 Linear 30 20

3.3.2 Nonlinear 33 30

| 11I.4 SMACS/SSI Sensitivity Studies 0 0

111.5 Project coordination 20 15

Totals 183 130

a. Proposed
.

b. As of March 31,1981I
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PROJ ECT III, SOIL-STRUCTURE INTERACTION

A. Accomplishments
i Task 111.1, Analytical Development - The major effort for this task was implementing the com-

paction portion of the multisurface plasticity modelin the computer program DYNA 3D for the sensi-
tivity study (Task 111.4.3). Documentation of the algorithmic aspects of the model was completed by
Prof. T. Ilughes. The report on SCIIEME was released.

,

| Task 111.2, Response Computation Soil Input Data - The work for this task concentrated on
documentation of the Phase I activities with respect to SSI.

Task 111.3, Sensitivity Studies - The comparison of structural response as computed by a diect
method (FLUSH) and a substructure approach (CLASSI) neared conipletion during the quarter. All of

,

j the FLUSil analyses have been completed. The FLUSil analyses were performed at LBL and the data
transferred to LLNL computer system for postprocessing and comparative plotting. In summary, the
analyses performed are as follows: four cross-sections analyzed (one isolated reactor building and three
multistructure cases); two sets of control motions of three components (one recorded earthqueke and
one synthetich and response assuming free-field soil properties and iterated soil properties. Input for the

~

secon6 stage analysis, basemat translations and rotations, is complete. The isolated reactor building has
been analyzed by CLASSI and FLUSil and responses compared. The multistructure CLASSI analysis
is ready to proceed upon receipt of the multistructure impedances and scattering matrices from Prof.
II. L. Wong.

Documentation of this sensitivity study is complete up to the comparison of the multistructure
response. An abbreviated report was submitted to SMiRT-6 containing response comparisons for the
ist lated reactor building.;

Significant effort was expended during the quarter on three aspects of the nonlinear SSI analysis
task: (1) soil amplification study in one dimension;(2) three-dimensional nonlinear SSl; and (3) docu-

,

mentation. In summary of the soil amplification study, steady state and synthetic earthquake motions
were analyzed by equivalent linear and nonlinear models and the results compared. In all cases, the
control motion was defined at an assumed bedrock 110 feet below the soil free surface. This soil con-
figuration is typical of a number of midwestern nuclear power plant sites and, in particular, the Zion

,

! nuclear power plant. Four sinusoidal excitations, (0.1 g, 4 liz), (0.2 g,4 liz),(0.1 g,10 liz), and (0.2 g,
10 liz), were considered. These produced up to 0.6 g on the surface. Results from an equivalent linear
analysis using SilAKE and a nonlinear analysis with DYNA 2D were compared: free surface accelera-
tion time histories and response spectra; and peak accelerations, shear stresses, and shear strains as a

,

function of depth. Analysis of the soil column was extended to 15 synthetic time histories of 10 seconds!

duration and peak accelerations ranging from 0.1 g to 0.3 g at bedrock. Surface peak accelerations ranged
up to 0.6 g. Again, comparisons between equivalent linear and nonlinear responses were made: mean of
5 time histories, free surface response spectra for 0.1 g 0.2 g, and 0.3 g excitations;and peak accelera-
tions, shear stresses, and shear stains for each of the 15 earthquakes as a function of depth. Two ob-

|
servations concerning the comparisons: the resonant frequencies of the soil column (as determined by
each analysis) compared quite closely; the nonlinear response on the surface of the soil possessed more'

high frequency content than the equivalent linear case.

( The nonlinear SSI of a structural system representative of a nuclear reactor building was com-
pleted. A uniform soil layer 110 feet in depth over a stiff bedrock was the soil configuration.The struc-

j ture was embedded 1/3 of its height. Two independent structores were supported off the basemat to
i roughly simulate the containment shell and internal structure typical of PWR systems. Botit structures

were modeled with three-dimensional solid elements. The containment shell had a fundamental frequen-;
'

cy of 4 liz, the internal structure 14 liz. The soil and structure paralleled the Zion configuration. The
nonlinear model assumed a soil island 1,000 feet in diameter and 110 feet in depth. DYNA 3D resultsi

!

i

30

!
, . _. _ _.__._._ _ . . . _ _ _ _ _ . _ _ _ . . _ _ _ _ . _ . _ _



_. _ _ . . _ _ _- - _ _ .

:
i

!

!
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.

for a synthetic earthquake of 0.3 g at the bedrock were considered. Response in the soil and structures
was computed. A comparison of structural response with linear analysis techniques is nearing comple-,

tion.
Documentation of this study was initiated and is nearing completion. An abbreviated report was

submitted to SMiRT-6 with emphasis on the soil amplification study.
Task 111.4, SMACS/SSI Sensitivity Studies - There was no activity in this task during the quarter.
Task 111.5, Project Coordination - Documentation of the Phase I activities with respect to SSI

i

progressed during the quarter. Input was provided for the summary report, " Seismic Safety Margins'

Research Program-Overview," NUREG/CR-2015, Vol.1 (also UCRL-53021, Vol.1), which was com-
I, pleted. The in-depth documentation of SSI for Phase I was initiated.

Presentations were made to Prof. A. Comell and NRC representatives on January 28,1981 at
,

LLNL, and to the ACRS Subcommittee on Extreme External Phenomena in Los Angeles on January
29-30,1981.

A work scope for FY 82 was proposed during the quarter.

B. Next Quarter
We expect to accomplish the following in the next quarter:

j 1. Complete the analysis and documentation for Task 111.3.2.
; 2. Complete documentation of Task 111.3.3.

3. Complete Phase I detailed documentation.
.

!

C. Concerns.

I. Technical,

'
None.

2. Schedule
| Task 111.3.2 is furthei * layed because Professor Wong has not completed generation of
! the multistructure impedances and scattering matrices.
i 3. Cost

{ None.

!

)

I

1

i

i

i

i

!

i

!

,
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PROJECTIV
MAJOR STRUCTURE RESPONSE

FIN A0130

Personnel
NRC Program Manager: C. W. Burger
14RC Project Director: C. W. Burger
Contractor: Lawrence Livermore National Laboratory
LLNL Project Manager: J. J. Johnson

.
Objectives

; 1. Using state-of-the-ar; analysis techniques, compute structural response due to earthquake
motions. Structural response serves two main purposes: input motion for the subsequent
subsystem analysis, and measures of response in an appropriate form for estimating struc-

' tural failure.
2. Perform sensitivity studies to protide guidance to systems analysis and insight into the

effects of unce tainty on structural response.
;

Task Description
Task IV.1 - Sensitivity Studies

Sensitivity studies en structural response include two main areas. One area is to investigate
the sensitivity of structurc response to variations in eigensystem, damping, and other uncertain-
ties. The other is to evaluate alternative structural modeling techniques for Zion nuciear power
plant structures ofinterest.

Task IV.2 - Response Computation Input
Develop the input necessary to perform response computations with SMACS for input to

SEISIM; this work it Jedes structural models accounting for uncertainties. Develop reduced
structural models for SSI analysis.

Taetc IV.3 - Structural Dampir:g
The objective here is to review and assess the structural damping data presently available.

To this end, we will categorize existing data in natural groupings, identify deficiencies, and recom-
mend additional testing.

| The approach to the problem is: (1) data acquisition and assessment, which includes iden-
tification and acquisition of damping data; and (2) the. review, evaluation, and categorization of
the data. Particular emphasis will be placed on soil-structure interaction effects, structural types
(material, type of construction, and plan-height), and the excitation (type and level).

Task IV.4 - Project Coordination
The purposes of this task are to provide guidance on technical, ahinistrative, and budget

matters for the project and to interface with the other SSMRP projects.

33
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Project IV Schedule

|| FY 81 FY 82FY 80

M|AND|J M J J A S O N D J F MFF M AM J J A 5O

i sitivity studies

Res ionse computation input

|

IV.3
Structural damping

_________

M

____________

, r ,

,

4

4
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i

i Project IV Milestcr.e Dates
i

l Original Revised
Target Taiget Completed

'! Milestone Date Date Date

4.1 Documentation of structural modeling (STR-5) - 2-15-81 3-31-81
j draft report transmitted to NRC

4.2 Documentation complete 2-28-81 2-23-81

4.3 Initiate structural damping assessment - data 3-1 81 3-1-81

{ acquisition and literature review

i 4.4 Initiate analytical study 7-1-81

4.5 Documentation of Phase 11 results - uwaft 5-1-81 i
" report transmitted to NRC

4.6 Documentation of Phase 11 results - camera-ready 7-1-81
;

copy transmitted to NRC

n !

Project IV Topical Reports<

f

'
Original Revised
Target Target Completed'

; Report * Date Date Date
-

!

ST P-1. General structural building response analysis review 2-80 2-28-80
with special emphasis un ..amping and r.onlinearity.

ST R-2. Response of nuclear power plant stmetures to 6-80 4-24-80
three input components.

ST R-3. Effect of structural damping on nuclear power plant 6-80 6-30-80 ,

structures. This is another study by expanding LLL/
,

DOR Seismic Conservatism Program (Parts Ill & IV)'

|
to typical nuclear powcr plant structures (Zion station).

ST R-4. Identify modeling variables, systematic or random, 3-80 3-7-80
in the major structure response analysis. Rar.k in
terms of their effect ori the uncertainty oft

structural response.

|
r

t

i

35

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



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

,

1
1

1

i Project IV Topic:1 Reports
j (continued)

Original Revised
Target Tr.rget Completed

Milestone Date Date Date'

STR-5. Accuracy of finite element method and lumped 9-80 2-81 3-81
niass method in seismic analysis.

~

' Published reports are listed under Reports Generated by the SSMRP, following the Project VIII progress report.

s
i

Subcontractors
1. SMA

.

)

I

f

;

!
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Expenditures for FY 81, Project IV, Major Structure Response (FIN A0130)

500 , , , , , i g , , , ;
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0
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_ ;onth, FY 81*

Phase i Budget Summary, Project IV, Major Structure Response (FIN A0130)

Year Budgeted Amount (51000)

Prior year (FY 78) 10

Prior year (FY 79) 233

Last year (FY 80) 328

Current year (FY 81) 73

Total 644

a. End of Phase 1.
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Phase 11 Budget Summary, Project IV, Major Structure Response (FIN A0130)

Year Budgeted Amour.!151000)
>

Current year (FY 81) 59

i Total 59

i

i |
'

|

|

t Project IV, FY 81 Cost Breakdown
!
'

Amounts (S1000)

Task FY 81 YTD
bBudget Spent

.

1

IV.1 Sensitivity studies 62 70

| IV.2 Response computation input 30 31

IV.3 Structural damping 20 2
1

IV.4 Project coordination 20 20
!

Totals 132 123

a. Proposed
b. As of hfarch 31,1981

,

i

|
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PROJECT IV, MAJOR STRUCTURE RESPONSE

A. Accomplishments,

Task IV,1, Sensitivity Studies - Editing of the final report on the study to quantify the variation
in structural dynamic response introduced by model assumptions was completed. In the study, four

; different mathematical models were created to describe a portion of the AFT complex. The modeling
idealizations were (1) a detailed finite-element model,(2) a detailed finite-element model with masses
lumped at selected nodes, (3) a detailed finite-element model with the constraint of rigid floors, and
(4) an equivalent beam model. Dynamic characteristics and response quantities were determined for the
models and compared. Results indicate that large variations in both dynamic characteristics and response
can be introduced by modeling assumptions when a need exists to reduce the number of dynamic de-

; grees of freedom. A condensed version of the report was submitted to the SMiPsT-6 conference.
Documentation of the SMACS sensitivity study is nearing release.
Task IV.2, Response Co nputation Input - A report describing the finite-element model of the<

| Zion auxiliary / fuel-handling /tu 5ine building complex was completed. A similar report was completed

} for the Zion reactor building .nodel. These models were developed as part of the programi on-line
calculations. The reports described the physical structures, the development of the mathematical models
an<l their inherent assumptions, the modal analyses conducted with the models, and the inclusion of

i the modal data in the seismic analysis methodology.

! Further analyses were conducted as part of the continuing fragilities review of the AFT complex.
Ten time history analyses were performed using different earthquake records. The responses of selected
shear walls and floor diaphragms in the auxiliary building were recorded for each analysis. The response
quantities consisted of peak element force and moment values.The results were then transmitted to the

.
Fragilities Project (Project VI).

| Input was provided to the summary report, " Seismic Safety Margins Research Program Phase 1
Final Report-Overview," NUREG/CR-2015, Vol.1 (also UCRL-53021, Vol.1), which was completed.-

Input to Volume I consisted of a brief description of the structural models and summaries of the side
{ studies. The in-depth documentation of this project was also completed with the models and side studies
j reported in significantly more detail. Interaction with the editor is ongoing.

| Task IV.3, Structural Damping - The structural damping study was initiated during the quarter.
| Task IV.4, Project Coordination - Presentations were made to Puf. A. Cornell and NRC repre-
I sentatives on January 28, 1981 at LLNL and to the ACRS Sabcommittee on Extreme External Phe-

nomena in Los Angeles on January 29-30,1981.
i A work r pe for FY 82 was proposed during the quarter.
!

i B. Next Quarter
I Our objectiws for the next quarter are as follows:
i 1. Release documentation of the modeling sensitivity study.

| 2. Release Phase I documentation.

| 3. Continue ti,e damping study.
1

i C. Concerns
1. Technical

None.
2. Schedule

None.
3. Cost

i None.
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PROJECT V
SUBSYSTEh! RESPONSE

FIN A0126

Personnel
NRC Program Manager: C. W. Burger
NRC Project hianager: J. J. Burns
Contractor: Lawrence Livermore National Laboratory
LLNL Project hianager: T. Y. Chuang

Objectives
1. Compute response parameters of subsystems, given the input environment (e.g., subsystem

support motion) for components and systems whose failure leads to an accident condition.
Thec components and systems will be identified on the fault trees. Rasponse parameters
will be consistent with fragility descriptions.

2. Perform sensitivity studies on subsystem response to provide guidance to systems analysis
and insight into the effects of uncertainty on the response.

Task Description
Task V.1 - Piping hiodels and Fault Tree Coordination Development

Our objective here is to develop the information necesury to determine the dynamic
response of safety systems. The information will include dynamic models for reanalysis and
estimates of response from design results. We will coordinate the fault trees of these systems
with calculated responses. We will also identify the support location of safety systems and co-
ordinate with Project IV, Afajor Structure Response.

Task V.2 - ShiACS Sensitivity Study
Our objective in the ShiACS sensitivity study is to determine which of the seismic method-

ology chain (SMC) areas contributes most to the uncertainty in the subsystem response. The re-
sponses considered are, for example, peak moments at various points in the piping system. All
areas of the SMC will be considered,i.e.,(1) seismic input, C) soil-structure interaction,(3) major
structure response, and (4) subsystem response.

I Task V.3 - Project Coordination
The purposes of this task are to provide guidance on technical, administrative, and budget

matters for the project and to interface with the other SSMRP projects.
,

i
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l'roject V Schedule

| |FY 80 FY81 FY 82
TASK

|F|M A M|J|J| A!S|0|N|D|J|F M| A N! D J F MM J J A S O

V1
Piping models and fault y--$
tree coordination develop-
Illellt --

Sk1 ACS sensitivity siady

V3 5.6 5.7
hoject coordination -----------

___________

h

_ !

1
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Project V 51ilestone Dates
--

Original Revised
Target Taget Completed

51ilestone Date Date Date

5.1 Piping models developed 5-1-81

5.2 Fault trees coordinated 7-1-81

5.3 Complete SNI ACS analyses incorporating 10-31-80 3-31-81 3-31-81
parameter variations

5.4 Complete statistical analysis I l-10-80 4-17-81

5.5 Documentation for SMACS sensitivity study - 11-30-80 5-31-81
draft report transmitted to NRC

5.6 Documentation of Phase I results - draft 5-15-81
report transmitted to NRC

5.7 Documentation of Phase I results - camera-ready 7-1-81
copy transmitted to NRC

Project V, Topical Reports

Original Revised,

! Target Target Completed
aReport Date Date Date

SUB-1. Subsystem Response Review Reports assessing the 2-80 3-80
state-of-the-art of subsystem response determination,
accuracy, and uncertainties.

l

| SUB-2. Sensitivity study investigating the effects of 10-80 Note b
| uncertainties on subsystem response.

SUB-3. Sensitivity study on nonlinear analysis of a key 10-80 Note c
i safety system.

SUB-4. Sensitivity study to rank contributors to 11-80 5-81

| uncertainty in subsystem response.

a. Puolished reports are listed under Reports Generated by the SSMRP, following the Project VIII progress report.
b. SUB-2 is now included in SUB 4.
c. SUB-3 is deferred to FY 82.

.

I

m
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I

Subcontractors
1. Engineering Decision Analysis Company (EDAC)
2. NSC/Quadrex
3. EG&G
4. Sargent & Lundy(S&L)
5. Structural Mechanics Associates (SMA)
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Expenditures for FY 81, Project V, Subsystem Resi onse (FIN A0126)

500 , , , , , , , , , , ,

400 Planned- -

- - - Actual-

a
- 300 - -

-

E
B
j 200 -

-

t 154 152
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49 ,

p> /
# I I I I I I I I I I0
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Month, FY 81

.

Phase I Budget Summary, Project V, Subsystem Response (FIN A0126)

Year Budgeted Amount ($1000)

t Prior year (FY 78) 6
|

Prior year (FY 79) 190

Last year (FY 80) 377

Current year (FY 81) 49

Total 622
_ . _ . -

|

|

|

a. End of Phase I.
t

I

|
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|

| Phase 11 Budget Summary, Project V, Subsystem Response (FIN A0126)

Year Budgeted Amount ($1000)

f

;

Current year (FY 81) 103

Total 103

i

!

|
l

Project V, FY 81 Cost Breakdown

i Amounts ($1000)

Task FY 81 YTD
bBudgeta Spent

,
_

I

V.1 Piping models and fault tree 30 20
I coordination development

i V.2 Shl ACS sensitivity study 60 84
i

' V.3 Project coordination 62 50

Totals 152 154

!

a. Proposed.
i b. As of March 31,1981.

,

t

.

I

:

f
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'PPOlECT V, SUBSYSTEM RESPONSE

A. Accomplishments
Task V.I. Piping Models and Fault Tree Coordination Development - The SMACS analysis of all

thirteen dynamic models for Phase I has been completed. The results showed a very large variation in
the seismic responses of piping systems (e.g., standard deviation of the logarithm of responses is greater
than 1.0 for the resultant moments in some of the pipes). Two piping models have been created. The
first model is for the AFW piping between steam generator 1-B and the corresponding containment pene-
trations. The second model is for the AFW piping between steam generator 1-C and the corresponding
containment penetrations.

Task V.2, SMACS Sensitivity Study - Analysis of the set of SMACS rtms completed in the previ-
ous quarter, using 22 real earthquake time histories, showed that a set of 22 responses at each node did
not give us enough statistical accuracy for the questions we are asking, given the large model(four SMC
aica3) and sometimes complex response behavior. Therefore, a new series of SMACS runs was started'

using a set of 90 synthetic earthquake time histories. This series used subsystem models fron the SM ACS
on-line calculations: the same two models (AFW and RCL) as in the nrior sensitivity study but with an
expanded list of response points, and an RilR/S! model in the auxiliary building. During the quarter,
the series of SMACS runs and much of the sta tistical analysis were completed. For the assumed input
uncertainties, the subsystem area of the SMC L ens out to be the most important contributor to the
subsystem response (acceleration or moment) une, tainties. Consideration of the response's sensitivity
to its inputs indicates that the subsystem frequency variation in particular is important. Whether the
other SMC areas should be lower in importance as our results indicate, depends on whether most of the
important SMC tmeertainties are captured in our model and its input variations. A review of the extent
to which this has been achieved is in progress, based on the results we have c.alculated in this quarter.

Task V.3, Project Coordination - Interfacing with other SSMRP projects is being carried on.
A presentation was made during the quarter to the Advisory Committee on Reactor Safcguards on
January 29-30, 1981 at Los Angeles. The draft for Project V for the SSMRP Phase I final report,"Vol-
ume 1 - Overview," has been completed. The rough draft of " Volume 6 - Subsystem Response" has
been completed and all necessary figures and tables have been generated.

B. Next Quarter
in the next quarter we plan to:
1. Complete the SMACS sensitivity study.
2. Complete the Phase I report.
3. Complete the piping models of the auxiliary feedwater system.

1
l C. Concerns

1. Technical
None.

I 2. Schedule
None.

3. Cost
None.

l

l

i

!
1
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PROJECT VI
FRAGILITIES

FIN A0126

Personnel
NRC Program Manager: C. W. Burger
NRC Project Manager: J. J. Burns
Contractor: Lawrence U.ermore National Laboratory
LLNL Project Manager: M. P. Bohn

! Objectives
1. Complete and document the fragility relations for Phase I.
2. Perform a detailed evaluation of the preliminary fragility relations developed and used in

Phase I, looking in particular at (a) the adequacy for the generic categorization scheme and
(b) the associated uncertainty factors.

3. Benchmark the Phase I fragility curves against data known to exist, and seek and incorpor-
ate new data.

4. Separate fragilities uncertainty into random and modeling components.

Task Description
General 'nformation

The major effort beginning in FY 81 and extuding into FY 82 will be to benchmark the
fragility curves developed from the expert opinion survey performed in FY 80. A major part of
this effort will be to obtain data from sources identified during the expert opinion suwey and to
seek new sources of data existing outside the nuclear community. To help us understand the data

' and its relation to the preliminary fragility curves developed in Phase I of the SSMRP, a nurr.ber of
consultants (two per generic fragilities category) will be retained. The experts will be selected from
among those who are both interested in and capable of participating further in the expert ,pmion
survey.

Task VI.1 - Complete Phase I Fragilities
All data generated by the expert opinion survey and analyses of generic components by

our consultants will be combined and put ir.to cumulative probability function format for use
in the Phase I SEISIM computations. Both normal and lognormal forms will be generated. All
fragilities development will be documented.

Task VI.2 - Data Gathering and Reduction
A major effort to obtain and carrelate existing fragility data will be made. Data will be

sought from two main sources. The first source consists of the component manufacturers and
| independent testing laboratories which, during the expert opinion survey, indicated they had

| access to failure data. The second source will consist of known testing programs associated with
U. S. military site-hardening and crashworthir.ess programs. The data obtained will be compiled
and compared with the preliminary fragility curves developed from expert opinion during Phase I.
The data will be used to benchmark the preliminary fragility curves developed in Phase I and to
resolve a number of questions which have been identified in Phase I, as described in Task VI.3
below.

t
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!

Task VI.3 - Benchmark and Revise Fragility Descriptions
! A number of questions concerning the results of the expert opinion survey have been iden-

tined, whose resolution is considered essential before using the fragility curves in a final calcula-
tion' of the magnitude of seismic hazard. Especially important are the following questions. Are the

j identined generic categories too broad, and would the present uncertainty in fragility be reduced
'

by a finer resolution in generic category definition? Is the wide spread in fragility levels associated
with different definitions of failure from different expert opinion respondents? Are the inde-
pendent fragility parameters truly those most applicable to failure, or were they c.hosen because
they were most convenient for specification of qualification testhg?

To answer these and other questions of a fundamental nature and to benchmark the fra-.

! gility curves developed for Phase I, two experts having experience with the performance of the
; components in question will be identified for each generic category. These experts will review the
: data obtained in Task I and new data as it becomes available. They will also review their own

data sources and assist in evaluating the data to determine its applicability to seismic loading
conditions and to re!.civing the questions raised above.

Task VI.4 - Random vs. Modeling Uncertainty
In order to place uncertainty bounds on the final risk probabilities,it is necessary to separ-

; ate the variance for each fragility curve into components due to (1) random uncertainty (which
I cannot be further reduced by additional testing or analysis), and (2) due to modeling, or system-

atic, uncertainty (which can be further reduced by testing or analysis). This has already been done
1 for each independent mode in the expert opinion survey results. Ilowever, a valid statistical

method must be devised to combine these independent modes into a single effective fragility curve-
with meaningful bounds.

.

Task VI.5 - Fragilities Panel

| The present panel will continue to review and guide the entire fragilities efhrt. The panel .

'
consists of:

!

; Spencer II. Bush Battelle Pacific Northwest Laboratories
Robert P. Kennedy Structural Mechanics Associates

| George D. Shipway Wyle Laboratories
John D. Stevenson Structural Mechanics Associate.
Jerrell M. Thomas Failure Analysis Associates
Peter P. Zemanick Westinghouse Electric Corporation

_

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

Task VL6 - Fragilities llandbook
After incorporating all new data from Task VI.1, and after the reevaluation and revision

of the fragilities in Task VI.2, the final resulting fragility curves will be documented in an update
of the Phase i Fragility llandbook.

I Task VI.7 - Project Coordination
i The purpose of this task is to provide coordination between projects within the SSMRP and

coordination with outside pruiects whose work is related to the tasks and goals of the SSMRP.

.
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| Project VI Schedule

FY 80 FY 81 FY32
IASK

N!.D J F B1F h1 A 51 J J A SOND J F 51 A 51 J J A 5

( niplete Phase i fragilities

ata gathering and reduction

VI.3 6.1

Benchmark and revise _
V

fragility descriptions

| | |

| VI.4

| Random vs. modeling

| uncertainty

6.2
VI.5 y

Fragilities panel

.

6.3
VI.6
Fragilities handbook -

-

'
6.4 6.(

y, 7,

Project coordination

,i

__

, ,
_

_
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Project VI Milestone Dates '

Original Revised
'

Target Target Completed
1 Milestone Date Date Date

6.1 Experts identified for Phasa. Il fragilities 7-1-81
reevaluation and invited to participate

6.7 Phase I fragilities sent to Fragilities Panel 6-1-81

6.3 Phase i Fragilities llandbook - draft aopy 6-1-81
transmitted to NRC

6.4 Documentation of Phase I results - draft 5-1-81
report transmitted to NRC

6.5 Documentatior, of Phase I results - can era-ready 7-1-81
copy transmi'.ted to NRC

,

a

Project VI Topical Reports

Onginal Revised
Target Target Completed

Report Date Date Date

FRA-1 Final Report, Phase I(Draft to NRC) 4-81 5-81,

IFRA-2 Fragilities llandbook -(Draft to NRC) 9-80 6-81

a. Published reports are listed under Reports Generated by the SSMRP, following the Project Vill progress report.
b. Combination of reports previously listed as FRA-2 and FRA 3.

|

,

I
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| lixpenditures for FY 81, Project VI, Fragilities (FIN A0126)
!
l

I I I | | | | | | | |

400 - Planned -

- - - Actual

G 300 - -

j 258

5 212
7 200 - /p -

E
5 120* p #

/Im -

7 -

/
/

I I I I I I l- I I I0
O N D J F M A M J J A S

Month, FY 81

Pluse i Ut.dget Summary, Project VI, Fragilities (FIN A0126)

Year Budgeted Amount (51000)

Prior year (FY 78) 28

Prior year (FY 79) 183

last year (FY 80) 388

Current year (FY 81) 120

Total 719

a. End cT Phase 1.
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Phase 11 Budget Summary, Project VI, Fragilities (FIN A0126)

Year Budgeted Amount (51000)

Current year (FY 81) 138
,

Total 134
.

!

Project VI, FY 81 Cost Breakdown

Amounts ($1000)i

Task FY81 YTD
a b! Budget Spent

VI.1 Complete Phase I fragilities 183 183

VI.2 Data gathering and reduction 7 O.

VI.3 Benchmask and revise fragility descriptions 22 10

1..
VI.4 Random vs. modeling uncertainty 0 0

|
; VI.5 Fragi'' s panel 9 0

VI.6 Fragilities handbook 10 5
i

VI.7 Project coordination 27 14

4

Totals 258 212

a. Propose?..
b. As of M;rch 31,1981.

.

b
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PROJECT VI. FRAGILITIES

A. Accomplishments
The major activity for the first month of this quarter was the analysis of the component and

building failure probabilities obtained from the Phase I SEISINI code calculations. These failure proba-
bilities were compared with hand calculations for selected buildings and components to ensure that the
code results were accurate and that the correspondence between responses and fragility categorie; was
correct. Based on these comparisons several minor errors were corrected.

The second major activity was preparation for the ACRS presentations made on January 28-29,
1981. The preparation included comparisons of our probability-of-failure predictions for components
with other studies (especially with the ongoing LLNL Load Combination Program results).

One question raised at the ACRS meeting was whether the number of pipe aoss-sections con-
sidered in the failure calculation for a length of piping could affect the computed failure probability.
(It was noted at the meeting that this could not happen in the Phase I results prcxnted because the
probability of failure of a pipe run was taken as the probability of failure at its " weakest" link.) A pre-
liminary investigation into this question was begun in this q':arter, and initial remits showed that, for the
variances in response and fragility computed in Phase I, the probcbility of pipe failure of an active pipe
run approached the weakest link probability for high correlation between fragilities. This work is being
continued.

The balance of the activity in this quarter consisted of writing the Fragility section of the Phase I
final report, preparation of a paper to be presented at the 6th S51iRT conference next summer, and Gnal
review of two contractor reports.

14. Next Quarter
The Fragilities llandbook document will be completed and released, and initial work on the

SONGS fragility development will begin.

C. Concerns
1. Technical

None.
2. Schedule

None.
3. Cost

Funds are getting low for the remainder of FY 81.
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PROJECT VII
SYSTEhlS ANALYSIS

FIN A0126

Personnel
NRC Program hIsnager: C. W. Burger
NRC Project hianager: J. J. Burns
Contractor: Lawrence Livermore National Laboratory
LLNL Project blanager: G. E. Cummings/J. E. Wells

Objectives
1. Develop a computational procedure for estimating the relative importance of the factors

contributing to reactor seismic safety. The procedure, which will give insights into seismic
safety requirements, will be used to calculate fMlure and radioactive release probabilities
and their uncertainties over a range of earthquake levels.

2. Develop event-tree / fault-tree models of nuclear power plants for incorporation into the
computational procedure. These models will be used to calculate the required failure and
release probabilities. For Phase 1 of this program, event-tree / fault-tree models of the Zion i
Nuclear Power Plant are being constructed.

Tast Descriptions
Task Vll.1 - System Analysis Methods

This task L to provide support for the event-tree / fault-tree methodology being used to pre.
dict seismically induced failure and release probabilities used by SSh!RP. A review of design error

! frequency at Zion I is under way; so is a study of methods for incorporating design error effects
into the SSMRP methodology. In progress are studies of the spe::ial properties of distributions
that can be used to provide better fits to sparse data. Also in progress are studies to determine

! suitable variance reduction techniques applicable to multivariate stress-strength analysis as used to
calculate failure probabilities in this computational procedure.

Task Vll.2 - Probabilistic Computation Techniques
The purpose of this task is to provide support relating to the statistical methods used in the

computational procedure. Studies are under way to access methods for performing sensitivity
studies to accomplish program objectives.

Tok VII.3 - Event-Tree / Fault-Tree Development
The objective of this task is to construct an event-tree / fault-tree model of a nuclear power

plant for incorporation into the computational procedure developed in Task VII.4. This model will
be used by the computational procedure for estimating failure and radioactive release probabilities
and for dominance ranking of events. The Zion I nuclear power plant was modeled in Phase I
of this program.

Task VIL4 - D /elop Computational Procedure
The objective of this task is to develop a computational procedure (named SEISIM) that

calculates failure and release probabilities and generates the dominance ranking of events so as to
| give insights into seismic safety requirements of nuclear plants. Inputs will be in terms of equip-
| ment and structural response, fragilities, and the cut set representation of event end fault tree

models.

'
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Task VII.5 - Project Coordination
The purposes of this task are to provide guidance on technical, administrative, and budget

matters for the project and to interface with the other SSMRP projects.

,

I

f
;

i

|
t

I
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Project VII Schedule

| FY 80 FY 81 FY 82
TASK

S|0|N|D|J|F|M|AF MAM J J A M J J A S O N D J F M

Vll.1 7I

Systems analysis methods - -- - - - - - -

|

VII.2 7.2 7.3

P,obabilistic computation V V
techniques

_____ _ _ _ _ _ _

MI----- - - - - - -

I

VII.3
Event / fault tree development ----- - - - - - -

M'_ ___ _ _ _ _ _

I
7.5Vll.4
VDevelop computational

procedure
_____ _ _ _ _ _ _

Vll.5 g
Project coordination

___________

I
~

l
1 |

|
1 _
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Project VII Milestone Dates

Original Revised
Target Target Completed

Milestone Date Date Date

7.1 Variance reduction - draft copy transmitted 7-1 81
to NRC

7.2 Probabilistic techniques report - draft copy 6-1-81
transmitted to NRC

7.3 Sensitivity analysis report - draft copy 10-1-81

transmitted to NRC

7.4 Initial event / fault tree compl .te 1-1-81 9-1-80

7.5 SEISIM demonstration 1-1-81 1-27-81

7.6 Documentation of Phase I results - draft 5-1-81
report transmitted to NRC

7.7 Documentation of Phase I results - camera-ready 7-1-81
copy transmitted to NRC

Project VII Topical Reports

Original Revised
Target Target Completed

Report * Date Date Date

SYS-l. Description of computational methodologies for 4-79 4-79
prediction of core melt probabilities in a nuclear
power plant due to seismic events.

SYS-2. Description of a design concept for calculating 8-79 6-79
probability of radioactive release, core melt, safety
system, structural and component failure probabilities
from a set of nuclear plant seismic responses.

SYS-3. Operating Seismic Safety Analysis Code- 1-81 12-80
SEISIM (Option 1 only).

SYS-4. Accident sequences as the result of earthquakes 10-79 8-79
at Zion 1 nuclear power plant.
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Project VII Topical Reports
(continued)

Original Revised
Target Target Completed

Report * Date Date Date

SYS-5. Fault trees of some safety systems of Zion I l-81 9-80
nuclear plant (auxiliary feedwater system,
service water system, emergency core cooling
system, residual heat removal system, parts of
the electric power and instrumentation and

f control system pertaining to the above).
.,

* Published reports are listed under Reports Generated by the SSMRP, following the Project Vill progress -eport.
.

Subcontractors
1. College of Engineering

Operations Research Center
University of California, Berkeley
(Prof. Ron Wolff) (Task VII.2),

| 2. J. II. Wiggins Co. (Task VII.4)
Redondo Beach, CA

3. School of Engineering and Applied Science
University of California, Los Angeles
(Dr. George Apostolakis)(Tasks VII.1 and Vll.3)

! 4. Science Applications,Inc.
Bethesda, MD and
Palo Alto, CA (Task VII.3)

!
I
t

!

e
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lixpenditures for FY 8 ? , Project VII, Systems Analysis (FIN A0126)
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hlonth, FY 81

Phase I Budget Summary, Project VII, S stems Analysis (FIN A0126)/
_

Year Budgeted Amount ($1000)

Prior year (FY 78) 26

Prior year (FY 79) 519

Last year (FY 80) 520

Current year (FY 81) 190

Total . 55

a. End of Phase 1.

62

. _ . . - . . - . _ _.



- - -

|
,

Phase 11 Budget Summary, Project VII, Systems Analysis (FIN A0126)

Year Budgeted Amount ($1000)

Curi it year (FY 81) 215i

Total 215

Project VII, FY 81 Cost Breakdown

Amounts ($1000)

Task FY 81 YTD
a bBudget Spent

VII.1 Systems analysis methods 45 33

Vll.2 Probabilistic computation techniques 101 83

VII.3 Event / fault tree development 64 61,

Vll.4 Develop computational procedure 155 140

VII.5 Project coordination 40 25

i

' Totals 405 342,

!

)

a. proposed
b. As of March 31,1981
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PROJECT VII, SYSTEMS ANALYSIS

IA. Acco aplishments
During the t ; porting period, the J. II. Wiggins Company completed the user's manual for Option I

of the SSMRP probabilistic analysis code, SEISIM. Option 1 of SEISIM will provide a completely ana-
lytical computauonal piocedure using normal or lognormal distribution functions to characterize the in-
put data. The data is passed to SEISIM to compute means, standard deviations, and correlations. Also
included as input are accident sequence expressions in the form of minimal cut sets of safety system
components. Output from Option I will be the failure and release probabilities as well as importance
rankings of accident sequences and safety systems. Also completed by the J. II. Wiggins Company was a
regression module that analyzes the output of SEISIM to determine the effects ova a range of earth-
quakes.

Analysis of the Zion I fault trees v.as completed. Reduction of the trees was completed by elimi-!

nating high order cut sets and by combining failure modes. The level of detail in the fault trees before
redoction appears appropriate should more in-depth studies be necessary. It also ensures that unwar-
rai.ud simplifications will not be made. All the accident sequences used in Phase I of SSMRP were
completed. These accident sequences were used in the SEISIM demonstration, which was also completed
this quarter.

| The System Analysis Project Phase I final report is currently under way. Volume 1 of this report
I was completed during the quarter.

i B. Next Quarter
During the next quarter, we expect to complete the Systems Analysis Project Phase I report. In

addition, we will begin our sensitivity analysis effort using the data generated in Phase I. Numerous
enhancements to the SEISIM computer code are planned and many will be implemented during the next
quarter.

C. Concerns
1. Technical

We are making needed adjustments as we get into the details of SEISIM and fault tree con-
struction. Since the detailed fault trees contain a large number of cut sets, we have to reduce the i

trees in a rational manner before entering the data into SEISIM. We have always envisioned the |

need for such reduction. Consequently, we have anticipated doing this on a probabilistic basis and
by combining some failure modes. Continued attention to the area is warranted.

We have had internal discussions on such matters as the types of sensitivity studies to be
undertaken, methods to be used, parameters to be varied, number of runs required, and handling
of niodeling vs. random uncertainties. A derivative option (DERIV) is available in SEISIM to
calculate point derivatives, and some off-line capability involving regression analysis is being
developed at LLNL More needs to be done to establish firmly the type and number of sensitivity
studies, but only minimal effort (less than 1/2 man-year) is being applied to the task this y-ar.

Only Option 1 of SEISIM will be developed this year. In this option, propagation of un-
certainties is by covariance matrix manipulation and limited to normal and lognormal 'istribu-
tions of variables. These distributions will be described by first and second moments only (means

i and standard deviat.ons). This limitation could present problems because of its inflexibility.
] This year, fault trees will not be developed for all of the systems identified on the event i

'
trees. They were developed only for those judged as most important to seismic safety. Proba-1

bilities of failure for the remaining systems were estimated on tha basis of available data. If some
of them turn out to be important contributors to the probability of release, fault trees will have to
be developed for them.

.
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2. Schedule
Work to develop techniques for conducting sensitivity studies at LLNL continues. A report

discussing the probabilistic techniques that have been studied was completed. This report dis-
cusses simulation stopping rules, system interference analysis, estimation of fragility functions,
and variance reduction techniques.
3. Cost,

The spending rate was higher than plained at the beginning of the year because of the
increased activity involved in solving all the fault trees, generating the accident sequences, and
running the SEISIM computer code.

i

l

i-

a

|

.
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,
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PROJECT VIII, SMACS AND BE-EMS
FIN A0126 and A0130

Personnel
NRC Program Manager: C. W. Burger<.

NRC Project Manager: C. W. Burger
Contractor: Lawrence Livermore National Laboratory
LLNL Project Manager: J. J. Johnson

Objectives
1. Develop computer software entitled Seismic Methodology Analysis Chain with Statistics

(SMACS) to link together the seismic input, soil structure interaction, structural response,
and subsystem structural response calculations. The output of SMACS will be structural
and subsystem response for comparison purposes and input to systems analysis.

2. Execute SMACS.
3. Compare best-estimate and evaluation methodologies, seismic (BE-EMS) in the links of the

seismic methodology chain.

Task Description
Task VIII.I - Seismic Methodology Analysis Chain with Statistics (SMACS) Development#

Task VIII.1 is to develop an initial version of SMACS to perform interaction, major struc-
tural response, and subsystem structural reponse. The initial version will link together existing
sof tware with new developments as necessary.

Task VIII.2 - Execution of SMACS
Task VIII.2 is to execute SMACS for Zion, including the complete range of peak acceler-

ation and spectral shape parameters and random uncertainties.

Task VIII.3 - SMACS to NRR
Task VIII.3 is to implement, document, and maintain a version of SMACS accessible to the

NRC.

'

Task VIII.4 - Project Coordination
The purposes of Task VIII.4 are to provide guidance on technical, administrative, and bud-

get matters for the project, and to interface with the other SSMRP projects.

!

:
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Project Vill Schedule

| FY 80 FY 81 FY 82
TASK

F|M|A|M J|J|A SO|N|D J | F|M| A M J J A S O N D J F M

Vill.1
SMACS software develop-

__________

ment
__________

6||Vill.2
Execution of SMACS

-----

_____ g

.

'Vlil.3
SM ACS to NRR

z.

P * *

e,0 ject coordination

'

: I

,

I

l
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Project Vill Afilestone Dates

Original Revised
Target Target Completed

Afilestone Date Date Date

8.1 ShiACS input data complete 12-1-80 12-1-80

3.2 Initiate ShiACS execution 12-1-80 12-1-80

8.3 Response vectors transmitted to Project VII l-1-81 1-1-81

8.4 Initiate Sh!ACS conversion to LBL 5-1-81

8.5 Documentation of Phase I resuN - draft 5-15-81
report transmitted to NRC

8.6 Documentation of Phase I results - camera-ready 7-1-81
copy transmitted to NRC

1

|

|

|
|

|

|

69

. ,. , , -. =.- .. . - . . - - -. . . - -- ..-



Expenditures for FY 81, Project Vill, SMACS and BE-EMS (FIN A0130 and A0142)

500 , , , , , , , , , , y.

400 - Planned -

- - - Actual
;

3 300 - -

E 237

5
3 200 -

156
-

c

51 /
/

/100 -

8
66 #'

/

0" I I I I I I I I I I

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

Month, FY 81

|

Phase I Budget Summary, Project Vill, SMACS end BE-EMS (FIN A0130)

Year Budgeted Amount ($1000)

| Prior year (FY 78) 0
!

| Prior year (FY 79) 0
|

12st year (FY 80) 176

Current year (FY 81) 60

Total 236
_ _

|

|
i

i

a. End of Phase I.

70
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Phase 11 Budget Summary, Project VIII, SMACS and BE-tMS (FIN A0130)

Year Budgeted Amount ($1000)

Current year (FY 81) 177

Total 177

Project VIII, FY 81 Cost Breakdown

Amounts (S1000)

Task FY 81 YTD
bBudgeta Spant

VIII.1 SMACS development 62 55

Vill.2 Execution of SMACS 85 80

VIII.3 SMACS to NRR 40 1

VIII.4 Project coordinaticn 50 20
; _

Tc tals 237 156

a. Proposed.
...

b. As of March 31,1981.

|

|

|

I
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PROJECT VIII, SMACS AND BE-EMS

i A. Accomplishments

) Task VIII.1,SMACS Development - Conversion of SMACS from the CDC 7600 to the CRAY
t computer at LLNL is complete. A check problem duplicating the important aspects of a production run

from the CDC 7600 has been run and verified. Initial timings showed faster CPU on the CRAY but
significantly slower I/O. Both aspects are being optimized presently to speed up computations. Small
utility routines are being developed to convert CRAY riles to CDC 7600 format to permit use of the
significant graphics capability.

An additional postprocessor called CilANGO was written to compare the output from various
SMACS runs (e.g., nsponses and their distributions from different acceleration ranges).' CHANGO

! compares medians. i etas, and other characteristics of the responses. Graphic output is used almost
exclusively.

Task VIII.2, SMACS Execution - A selected number of SMACS runs were completed to provide
insight and understanding in connection with the Phase I responses. The case of reduced variability was
run-variability on the input parameters was halved and its effect on response statistics obtained.

Docurantation of the Phase I activities with respect to SMACS/BE-EMS progressed during the
quarter. Input was provided for the summary report " Seismic Safety Margins Research Program Phase I
Final Report-Overview," NUREG/CR-20lS, Vol.1 (also UCRL-53021, Vol.1), which was completed.
The in-depth documentation of SMACS/BE-EMS for Phase I was initiated.

. Presentations were made to Prof. A. Cornell and NRC representatives on January 28,1981, at
| LLNL and to the ACRS Subcommittee on Extreme External Phenomena in Los Angeles on January 29-
i 30,1981. The work scope for FY 82 was completed during the quarter.
I

; B. Next Quarter
We expect to accomplish the following in the next quarter:
1. Complete Phase I documentation.

| 2. Initiate implementation of SMACS and its support codes at LBL, if NRC decides to use
| the LBL computer system.

C. Concerns
1. Technical

.None.
2. Schedule

Complete documentation of Phase I activities has been slightly delayed.
3. Cost

None.

!

|
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j

! REPORTS GENERATED BY Tile SSMRP
!,

i The following reports are either forecast, partially completed, or completed for th'e SSMRP. Completed reports are available on
'

request from: Oak Ridge Technical Information Center, P. O. Box 62, Oak Ridge, Tennessee 37830. This listing is by projects.

'
Original Revised Status of Status of

f Report Due Date Due Date Completion NUREG

; SEISMIC INPUT

! Sl-1
~

Feasibility of using ARMA models to simulate 9-79 Completed
earthquake time histories 7-79

.

! M. K. CilANG, J. W. KWI ATKOWSKI, R. F. NAU, NUREG
i R. M. OI.IVER, and K. S. PISTER, completed
| " ARM A Models for Earthquake Ground Motions,"
' University of California, Report No. UCB/EERC-79/19,
i July 1979.

! d SI-2
: Simulation of time histories parameterized by magnitude, 12-80 Completed
'

epicentral distance, and site conditions using ARMA models. 6-80

R. F. NAU, R. M. OLIVER, and K. S. PISTER, NUREG;

" Simulating and Analysing Artificial Non-Stationary Earth- completed
quake Ground Motions," University of California, ORC 80-16,,

June 1980.'

; SI-3

; Differences between body wave magnitude in the eastern and 4-80 Completed
# western U.S. and the interrelation between local body and 4-80

surface wave magnitudes.
,
;
.

j D. II. CilUNG and D. L. BERNREUTER, NUREG
" Regional Relationships Among Earthquake Magnitude completed

{ Scales," Lawrence Livermore National Laboratory,
.

April 1980, NUREG/CR-1457.

i

'

.
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4

4

REPORTS GENERATED BY Tile SSMRP,

i (continued)
;

i
Original Revised Statue of Status of-

; Report Due Date Due Date Comp!etion NUREG
3

SI-4
k Assessment and expansion of the strong ground motion data base. 4-80 Completed
! 4-80

) C. B. CROUSE, J. A. lilLEMAN, B. E. TURNER, and NUREG
j. G. R. M ARTIN, completed
i " Compilation, Assessment and Expansion of the Strong
i Earthquake Ground Motion Data Base," Lawrence Livermore
! National Laboratory, UCRL-15227, NUREG/CR-1660.
| - Prepared by Fugro,Inc., April 1980.
1
4

SI-5
Relative effect of Q on the strong ground motion from earth- 7-80 Completed

; quakes between the eastern and western U.S. 7-80*

.D. II. CilUNG and D. L. BERNRElJfER, Submitted
"The Effect of Regional Variation of Seismic Wave Attenuation for.

on the Strong Ground Motion from Earthquakes " Lawrence NUREG
.Livermore National Laboratory, July 1980.

<

SI-6''

Improved Bayesian methodology for development of site .12-80,

i dependent spectra.

I
1

i ,

|
1

,

,-
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REPORTS GENERATED B'i TIIE SSMRP
(continued)

I Original Revised Status of Status of
Report Due Date Due Date Completion NUREG

; SOIL-STRUCTURE INTERACTION
,

'

SSI-!
Soil-Structure Interaction (Sci) Review Reports assessing 6-80 Completed
the state-of-the-art of SSI analysis methodology, accuracy, 8-80
uncertainties, and itemizing benchmark problems.

.

J. J. JOllNSON, NUREG-
! " Soil Structure Interaction: The Status of Current - completed
; Analysis Methods and Research," Lawrence Livermore

National Laboratory, UCRL-53011, October 1980,
j NUREG/CR-1780.

J.E.LUCO, Consolidated with
di " Linear Soil-Structure Interaction," Lawrence J. J. Jolmson's'

Livermore National Laboratory, Draft Report, July 1980. report.,

J. M. ROESSET, Consolidated with
"A Review of Soil-Structure Interaction," Lawrence Livermore J. J. Johnson's
Nati nal Laboratory, UCRL-15262, June 1980. report.

II. B. SEED and J. LYSMER, Consolidated with
; "The Seismic Soil-Structure Interaction Problem for Nuclear J. J. Johnson's .

Facilities," Lawrence Livermore National Laboratory, report.
;

UCRL-15254, April 1980.
,

J. T. CIIRISTIAN, Consolidated with
i " Soil-Structure Interaction," Lawrence Livermore National J. J. Johnson's

Laboratory, UCRL-15230, February 1980. report.'

5
-



t

.

.

f
oG
sE
uRt

aU
t

SN

h
t

_ iws
d 'n

a e o
t s df io a n et d ytoe i h .

l lp
eo ll l

s p oJ t
r au s i

m n
. o m0t . t

J p ra 8o o .e a o -t

SC CJ r P c6

_

e
t

d a
eisDv e

P e u
R RD
M N
S OS I

TE C_ l

Ai

T e R
tY la a E

_

De
inD T)B)

d

E u
ige Nd 0 0eIr u u 8 8

- -

Ti OD E n 6 9n .

RiAt t

-

Ro Unn
oTEc s

_ N( C (c
.

d
U olE aR h

_ G n ht

T e o it
.

_ n nS S Mi wot

a o . . s i .T L-
_

_ R iN ninhls
s e ooc a8 i t0 nl

I a
s t oO O ye msiZa i9 ys f ic

l rP S a o od o t l

r r ot r

R Ar e a op is1 a a aE nm n nr e
t e n n c. e

f p a n a w
irl
i

h s o iof ine s a t u t t_ n v pe t S np a es J
_

oi it ci
o", ma luvhr e rL nr e s

_ it t

_ c e ioef ly ,i

e atpf f wn el v na c t ea s o_ r . c o l c e e sn re n0 a rh eti e ue r pt a h mdt r8 t c en on te um t pe aw9_
lnomu mr i n iwotht iI n1a e l eI si i omL y ,z u at f i k e_

v mr n rZ s
i

a e a n aIu r n a ed "P,M uodt P a ri

dIte e o Se t i n n e rc a o v u inf s eS,
ctMR5 ishu c it h rl

- a , teM5 c gc ytr r e g
is u na a e

a2 t_ rS S
l re g n5 t o- ai nruS o nf ni

ns s et rt 1 l r i

_ c o - i i s u S S a a lp e nut L o a - p reS r pn f p n ol

f u o ooi ma anRr e o ntt
r ,S oC ei S os indot n ci f

iU c vt , ofo Gf
_

eoa a s lt yup wt Gio yy nbRoae ic d r, o ns t l

d ay
, r Na nR E wl t

ne c o un n oor us
t - t sBe po

i pt S e Oi i t a f iow f s ok. r .rNv a Wi a ymt

E ear yui o r a st t yopeR o i t a p .nlt tu u r v uh c r L eS mi

_. b
it r g a . d i

3ii 4
v uu r m v u a qI tAia i r oiI t n mr." wL 2i t i e " S

1 c nJ - s sf l 1 s t mu h- -
I n r nc nn dII ct

_ S e oou S e o S u un e
_ SSf c n SS c SSf at
_

y*
_

| ||l f iI|||I|l(iij|||!| ||j||||| | ! : l!



-- -- .. . - . .

REPORTS GENERATED BY TIIE SSMRP
(continued)

Original Revised Status of Status of
Report Due Date Due Date Completion NUREG

MAJOR STRUCTURE RESPONSE

STR-1
General structural building response analysis review 2-80 Completed
with special emphasis on damping and nonlinearity. 2-80

" Structural Building Response Review," Lawrence Livermore NUREG
National Laboratory, UCRL-15183. Prepared by Sargent and completed
Lundy, January 1980, NUREG/CR-1423, SL-3759, Vol. II.

J. J. IIEALEY, S. T. WU, and M. MURGA, NUREG
" Structural Building Response Review," Lawrence Livermore completed

l National Laboratory, UCRL-15185. Prepared * y Ebasco
I Services, February 1980, NUREG/CR-1423, yol. I.

STR-2

| , Response of nuclear power plant structures to three input 6-80 Completed
components. 4-80

S. E. BUMPUS, J. J. JOllNSON, and P. D. SMITil, NUREG
| "Best E.,timate Method vs. Evaluation Method: A Comparison completed

| of Two Techniques in Evaluating Seismic Analysis and Design,"
| Lawrence Livermore National Laboratory, UCRL-52746,

NUREG/CR-1489, May 1980.

STR-3
Effect of structural damping on nuclear power plant 6-80 Completed
structures. This is another study by expanding LLL/ DOR 6-80

Seismic Conservatism Program (Parts III & IV) to typical,
nuclear power plant structures (Zion station).



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

REPORTS GENERATED BY Tile SShlRP
(continued)

Original Revised Status of Status of
Report Due Date Due Date Completion NUREG

PIAJOR STRUCTURE RESPONSE
(continued)

D. A. WESLEY, P. S. IIASillhlOTO, and R. B. NARVER, NUREG
Seismic Safety hlargins Research Program (Phase I) Task (sic) IV, completed i

Structures Response," Variability of Dynamic Characteristics of
Nucieer Power Plant Structures," Lawrence Livermore National
Laboratory, UCRL-15267 NUREG/CR-1661. Prepared by
Structural hiechanics Associates, ShlA 12205.02, June 1980.

STR-4
Identify modeling variables, systematic or random,in the 3-30 Completed
major structure response analysis. Rank in terms of their 3-80
effect on the uncertainty of structural response.

T. K. IIASSEL51AN and S. S. SIMONIAN, NUREG
" Structural Uncertainty in Seismic Risk Analysis," Lawrence completed
Livermore National Laboratory, UCRL-15218. Prepared by
J. IL Wiggins Company,51 arch 1930, NUREG/CR-1560.

[
F

STR-5
Accuracy of finite element method and lumped mass 9-80
method in seismic analysis.

,

r.g
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REIVRTS GENERATED BY TIIE SSMRP
(contiaued)

Original Revised Status or Status of
Report Due Date Due Date Completion NUREG

SUBSYSTEM RESPONSE'

SUB-1
Subsystem Response Review Reports assessing the state- _2-80 . Completed -

of-the-art of subsystem response determination, accuracy, 3-80

and uncertainties.

J. FOGELQUIST, M. K. KAUL, R. KOPPE, S. W. TAGART, J R., NUREG
11. TilAILER, and R. UFFER, completed i

" Subsystem Response Review," Lawrence Livermore National
Laboratory, UCRL-15215, NUREG/CR-1700. Prepared by Nuclear
Services Corporation /Quadrex Corporation, March 1980.

R. P. KENNEDY, R. D. CAMPBELL, D. A. WESLEY,11. KAMIL, MUREG
,

5 A. GANTAYAT, and R. VASUDEVAN, completed

" Subsystem Response Review," Lawrence Livermore National !

Laboratory. UCRL-15216, NUREG/CR-1706. Prepared by
Engineering Decision Analysis Company, March 1980.

SUB-2
Sensitivity study investigating the effects of uncertainties 10-80 Merged with

on subsystem response. SUB-4

SUB-3
Sensitivity study on nonlinear analysis of a key safety system. 10-80 FY 82 ,

SUB-4
Sensitivity study to rank contributions to uncert:inty in None I l-80
subsystem respanse. (Added 7-10-80.)

_ _-_
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|
| REPORTS GENERATED BY TIIE SSMRP

(continued)

'
Original Revised Status of Status of

Report Due Date Due Date Completion NUREG

COMIGNENT AND STRUCTURAL FRAGILITY

FRA-1
NPRDS listing of Zion component in-service operational history. 6-79 Completed Not appro-

6-79 priate for
NUREG

FRA-2
Report on gathered fragilities related information. 9-80

FRA-3
Report on expert opinion received on component fragility. 9-80

j FRA-4
Reports on failure modes for components and structures,

o for a representative PWR plant. Completed
Components 2-80 8-79
Buildings 2-80 10-79

:

R. D. CAMPBELL and D. A. WESLEi, NUREG
" Preliminary Failure Mode Predictions for the SSMRP completed
Reference Plant (Zion 1 and 2)," Lawrer.ce Livermore National

| Laboratory. UCRL-15042. Prepaied by Engineering Decision
i Analysis Co., Inc., June 1979, NUREG/CR-1703.

| R. D. CAMPBELL and D. A. WESLEY, NUREG
" Potential Seismic Structural Failure Mades Associated with completed
the Zion Nuclear Plant," Lawrence Livennore National
Laboratory, UCRL-15140. Prepared by Engineering Decision
Analysis Co., Inc., October 1979, NUREG/CR-1704.

. _ _ _ _
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REPORTS GENERATED BY TIIE SSMRP
(continued)

Original Revised Status of Status of
Report

_
Due Date Due Date Completion NUREG

COMPONENT AND STRUCTURAL FRAGILITY
(continued)

FRA-5
Fragility curves for components and structures for a 1-81

i representative PWR plant.

i FRA-6
.

Documentation of an overall fragility description 4-81
development methodology.

;

oo

SYSTEMS ANALYSIS
-

SYS-1
,

Description of computational methodologies for 4-79 Completed '
4

prediction of core melt probabilities in a nuclear 2-79
power plant due to seismic events.

1. B. WALL, M. K. KAUL, R. I. POST, S. W. TAGART, JR., NUREG
i and T. J. VINSON, completed
j " Specification of Computational Approach," Lawrence

Livermore National Laboratory, UCRL-13985. Prepared by
Nuclear Services Corp., Februaiy 1979, NUREG/CR-1702. '

.

.

<

t

-
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{ REPORTS GENERATED BY TIIE SSMRP
(continued)

!
Original Revised Status of Status of

j Report Dre Date Due 16 ate Completion NUREG
j SYSTEMS ANAL YSIS
; (continued)
i
,

'
; J. D. COLLINS, J. M. IlUDSON, and J. D. CIIROSTOWSKI, NUREG'

" Specifications of Computational Approach," Lawrence completed
j Livermore National Laboratory, UCRL-13986. Prepared by

J. II. Wiggins Company, February 1979, NUREG/CR-1701..

e
,

; SYS-2 :
i Description of a design concept for calculating probability 8-79 Completed

c
j of radioactive release, core melt, safety system, strudaral 6-79
i and component failure probabilities from a set of nuiar

| plant seismic responses.,
tJ

"SEISIM Code Design Concept," Technical Report 78-1645-2, Awaiting
j' J.11. Wiggins Company, June 1979. release for

NUREG
,

I SYS-3
.

Operating Seismic Safety Ar.alysis Code - SEISIM l-81 Partially -

j (Option 1 only). completed 4-80
a

J. II. IlUDSON, J. D. GASCA, and J. D. COLLINS, Awaiting,

i "SEISIM Option 1 Design Specification (Revision 1)," release for
J. IL Wiggins Company Draft Report 80-1366-1, April 1980.

|
t

n

.

:

,

, - - . .
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REPORTS GENERATED BY TIIE SSMRP.
'

(continued)

Original Revised Status of Status of
Report Due Date Due Date Completion NUREG

SYSTEMS ANALYSIS
(contmued)

SYS-4
Accident sequences as the result of earthquakes at 10-79 Completed
Zion 1 nuclear power plant. 8-79

A. A. GARCIA and J. E. NELLY, Awaiting
" Event Tree Development and Construction," Science release for
Applications, Inc., sal-003-79-BE, August 1979. NUREG

SYS-5
Fault trees of some safety systems of Zion 1 nuclear 1-81 Partially
plant (auxiliary feedwater system, service water system, completed

O emergency core cooling system, residual heat removal 5-80
system, para of the electric power and instrumentation
and control systeni pertaining to the above).

Draft Version of the Zion Unit 1 Auxiliary Feedwater Not appro-
;

System Fa'ilt Tree on the Seismic Safety Margins priate for
,

Research Program (SSMRP), May 14,1980 (one tree). "UREG
:
,

Draft Version of the Zion Unit 1 Electrical Power Not appro-
System Fault Tree on the Seismic Safety Margins priate for
Research Program (SSMRP), May 30,1980 Mne tree). NUREG*

) Draft Version of the Zion Unit 1 Service Water System Not appro-
Fau:t Tree on the Seismic Safety Margins Research priate for

! Program (SSMRP), June 27,1980 (three trees). NUREG

Draft Version of the Zion Unit 1 Emergency Core Cooling Not appro-
System Fault Tree on the Seismic S-fety Margins Research priate for
Program (SSMRP), July 1980 (four trees). NUREG

.



OTilER REPORTS

Status of NUREG

C. K. CIIOU, K. VEPA, L GEORGE, at] P. D. SMITil,
" Seismic Safety Margins Research Program Project VIII Load
Combination Project-Work Plan," Lawrence Livermore National
laboratory, UCID-18126, July 10,1979.

C. K. CilOU, R. W. MENSING, P. D. SMITil, K. VEPA, J. D. COLLINS,
C. A. CORNELL, R. P. KENNEDY, and M. K. RAVINDRA,

: " Seismic Safety Margins Research Program Load Combination Project-
! Task 3, Load Combination Methodology Development Interim

Report I," Lawrence Livermore National Laboratory, UCID-18149,
January 31,1980.

C. K. CllOU, S. C. LU, and M. W. SCilWARTZ,
" Load Combination Program, P'iase 11 Work Plan," Lawrence
Livermore National Laboratory Draft Report, April 15,1980.

R. G. DONG and P. D. SMITil, Submitted for NUREG
" Seismic Safety Margins Research Program (Phase I) Long Range Plan, 7-30-80
Report I," Lawrence Livermore National Laboratory, April 2,1980.

P. D. SMITil, F. J. IOKARZ, D. L. BERNREUTER, G. E. CUMMINGS,
C. K. CilOU, V. N. VAGLIENTE, J. J. JOIINSON and R. G. DONG,
" Seismic Safety Margins Research Program, Program Plan,
Revision II," UCID-17824, Rev. II, August i1,1978.

R. L SilARPE, J. W. REED, and C. B. WAUGil, NUREG completed
" Seismic Safety Margins Research Program (Phase 1), Project I -
Plant / Site Selection Assessment Reporf," Lawrence Livermore National
Laboratory. UCRL-15110, NUREG/C'A-1705. Prepared by
Engineering Decision Analysis Company, Inc._ July 20,1979.

D. C. BLEY, C. L. CATE, D. C. IDEN, B. J. GARRICK, and
J. M. IlUDSON,
" Seismic Safety Margins Research Program (Phase I), Project VII -
Systems Analysis Event Tree Methodology Development,"
Report PLG-0110, Pickard, Lowe, and Garrick, Inc., and
J. II. Wiggins Company, September 1979.

A. A. G ARCIA, J. E. KELLY, P. J. AMICO, W. J. PARKINSON, and
F.L.LEVERENZ,
" Seismic Safety Margins Research Program (Phase I), Interim Report,
Project Vil Systems Analysis, Event Tree Development and Con-
struction," Report No. SAI-003-79-BE, Science Applications, Inc.,
Bethnia, MD, August 1979.
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OTilER REPORTS
(continued)

Status of NUREG

P. D. SMITII and R. G. DONG, Submitted for NUREG
'' Seismic Safety Margins Research Program (Phase I), Definition 7-30-80
of Terms." Lawrence Livermore National Laboratory, September 1980.

P. MOIENI, G. APOSTOLAKIS, and G. E. CUMMINGS, NUREG completed
" Interim Report on Systematic Errors in Nuclear Power Plants,"
Lawrence Livermore National Laboratory, UCRL-15274,
NUREG/CR-1722, September 22,1980.

A. MOSLEli and G. APOSTOLAKIS.
"Some Properties of Distributions Usefulin the Study of Rare
Events," August 1980. Prepared by the University of
California, Los Angeles, CA.

P. D. SMITil, D. L BERNREUTER, M. P. BOIIN, T. Y. CllUANG,
G. E. CUMMINGS, R. G. DONG, J. J. JOIINSON. !?. W. MENSING,
and J. E. WELLS,
"An Overview of Seismic Risk Analysis for Nuclear Power Plants,"
Lawrence Livermore National Laboratory, UCID-18680,
Septemixr i 1,1980.

P. D. SMITii, G. E. CUMMINGS, R. G. DONG, D. L BERNREUTER,
J. J. JOIINSON, T. Y. CIIUANG, J. E. WELLS, R. W. MENSING, and
M. P. BOIIN,
"A Review of a Seismic Risk Analysis of the Decay IIeat Removal,

Capability of Nuclear Fower Plants," Lawrence Livermore National
Laboratory, UCID-18692, November 14,1980.

F. J. TOKARZ,
" Overview of SSMRP," requested by P. D. Smith, December 29,1980.

j G. E. CUMMINGS,
"An Application of Systems Analysis Techniques to the Study of
Reactor Seismic Safety," Lawrence Livermore National Laboratory,
UCRL-82232, November 1979.

C. A. CORNELL, D. COSTES, M. LIVOLANT, G. I. SCilUELLER,
! II. Sill 3ATA, and P. D. SMITil,

"Why Seismic Risk Analysis," Lawrence Livermore National Laboratory.
,

Draft Report, October 6,1980.

L L GEORGE and R. W. MENSING,
"Using Subjective Percentiles and Test Data to Estimate Fragility Functions,"
Proceedings of the Department of Energy Statistical Symposium, Berkeley,
talifornia, October 1980, UCRL-84157.i

!
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OTIIER REPORTS
(continued)

Status of NUREG

L L GEORGE,
" Dissimulation," Proceedings of the Summer Conference on Computer
Simulation, Seattle, Washington, August 1980, UCRL-82220.

' L. L GEORGE,
" Probability Computations Meths''t in SSMRP," April 1979,
Revised October 1980, UCID-18686. 1

L L. GEORGE and J. E. WELLS,
"The Reliability of Systems of Dependent Components," Proceedings
of ASQC Quality Congress, San Francisco, California, May 1981,
UCRL-84154.

L. L GEORGE and J. E. WELLS,
" Loss of Load Probability for Systems of Dependent Transmission and
Generation Componer's," Proceedings of IEEE Conference on Power,
Portland, Oregon, April 1981, UCRL-84162.

J. J. IIUDSON and J. D. COLLINS, |
"The Prediction of Accident Sequence Probabilities in a Nuclear Power |
Plant Due to Earthquake Events," Proceedings of the Topical Meeting I

on Reactor Safety, Am. Nuc. Soc. and Euro. Nuc. Soc.,
Knoxville, Tennessee, April 1980.

J. M. IlUDSON and J. GASCA,
" Common Mode Failure in Nuclear Power Plants," Proceedings of
r.nnual Rel. and Maint. Symp., Philade' chia, Pennsylvania,1981.

P. D. SMITil, R. G DONG, D. L. BERNREUTER, M. P. BOhN, NUREC completed
T. Y. CIIUANG, G. E. CUMMINGS, J. J. JOllNSON, R. W. MENSING,
and J. E. WELLS, i
" Seismic Safety Margins Research Program Phase I Final Report -
Overview," Lawrence Livermore Etional Laboratory, UCRL-53021, Vol.1,
NUREG/CR-2015, Vol.1, March 6,1981.

T. Y. CllUANG, P. D. SMITil, R. G. DONG, D. L BERNREUTER,
M. P. BOllN, G. E. CUMMINGS, and J. E. WELLS,
'-Scismic Safety Margins Research Program, Project i SONGS 1 AFWS t

Project," Lawrence Livennore National Laboratory, UCID-18959,
February 24,1981.

t The vertical bar denotes a new report.
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OTIIER REPORTS
(continued)*

Status of NUREG

" Seismic Safety Margins Research Program - Executive Summary
Number 1 - Best Estimate vs. Evaluation Method," Lawrence t
Livermore National Laboratory, LLL-TB-026.

P. D. SMITil, D. L. BERNREUTER, M. P. BOIIN, T. Y. CIIUANG,
G. E. CUMMINGS, R. G. DONG, J. J. JOIINSON, and J. E. WELLS,
" Material Presented to Advisory Committee on Reactor Safeguards, t

Subcommittee on Extreme External Phenomena, January 29-30,
1981, Los Angeles, California, Seismic Safety Margins Research
Program," January 1981.

R. G. DONG,
" Reports Generated by the Seismic Safety Margins Research t'

Program (Phase I)," Lawrence Livermore National Laboratory,
UCID-18696-1, December 1980.

'

M. A. GERilARD,
"SCfIEME: The Interactive, Graphic Time IIistory Post- NUREG completed

j Processor," Lawrence Livermore National Laboratory, t

UCID-18697, NUREG/CR-1911, January 1981.

|

[

~

,

|
,

i

t The vertical bar denotes a new report.
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Meeting Attendance Summary

Date Meeting Location LLNL Personnel Attending * Commentsi

1/13/81 SSMRP LLNL DLB, GEC, GLG, J EW, JJJ, ACRS dry run
LLG, MPB, PDS, RGD, RWM,
TYC,WJO

i i

| 1/27/81 SONGS 1 AFWS Project LLNL PDS, RGD, DLB, LLC, TYC

1/27/31 Meeting with C. A. Cornell LLNL DLB, GLG, J EW, JJJ, MPB, SSMRP consultation1

PDS, RGD, RWM, TYC

1/28/81 SRRG Meeting LLNL D LB, G EC, GLG, J EW, JJJ, Preparation for ACRS Meeting
LLG, MPB, PDS, RGD, RWM, i

TYC,WJO
.

'

I 1/29/81 SONGS 1 AFWS Project Los Angeles, CA LLC, GEC, PDS, TYC
. Work Plan

w
1/29,30/81 ACRS Meeting Los Angeles, CA DLB, GEC, GLG, J EW, JJJ, Review of SSMRP Phase I

LLG, MPB, PDS, RGD, RWM,
TYC,WJO

2/2,3/81 AFWS Project LLNL DLB, GLG, JEW, JJJ, MPB, AFWS project planning
PDS, RGD, RWM, TYC

2/3/81 SONGS 1 AFWS Project LLNL PDS, RGD, DLB, GEC, MPB,
Work Plan TYC

2/6/81 SSMRP Phase I Final Report LLNL LLC, GEC, PDS, RGD Status of final report writing

3/31/81 NRC/RES Meeting Washington, DC LLC, GEC, PDS, RGD Preparation for mid-year review
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* LLNL personnel abbreviations:

'

A. F. SIIAKAL MRE M. R. EATONAFS = =

M. SCilWARTZB. J. BENDA MWSBJB -==

0. R. MASLENIKOVC.. K. CIIOU ORMCKC ==

P. D. SMITilD. II. CIIUNG PDSDIIC ==

R. C. CllUND. L. BERNREUTER RCCDLB = =

R. D. BAILEYFJT F. J. TOKARZ RDB ==

R.G. DONGG. E. CUMMINGS RGDGEC ==

R. W. MENSINGG. L GOUDREAU RWMGLG ==

R. D. STREITII. C. MC DONALD RDSIICM ==

S.C.LUJ. C. CIIEN SCLJCC ==

S. E. BUMPUSJ. E. WELLS SEBJEW ==

T.Y.LOJ. J. JOIINSON TYLJJJ ==

T. Y. CilUANGJ. K. STUART TYCJKS ==

V. N. VAGLIENTEL L CLELAND VNVLLC ==

W. J. O'ONNELLL L. GEORGE WJOLLG ==

M. P. BOIINMPB =
,
O
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