Ls

Or, Andrew J, Murphy, Py

Earth Sciences 8ranch/RES

U.S. Nucleay Requlatory Commisst
1130ss

Washington, 0.C. 20633 i

SUBJECT: DRAFT 189 PROPOSAL, Rey, 2

FIN #A0390 and 40428
Oaar Or, Murphy

Attached, pTaase find

"Setsmic Hazard Charactarization

If this proposal me

ets with your
appraval by LLNL ma

nRagement,

Lawrence Livermore National Labora
RUCLEAR SYSTEMS SAFETY PROGRAM

the subject 0RAFT 132 Prg

¥ i

tory

95

Saptember 15, 1933

oject Manager

an

posal under the project

of the Eastern United States,”

anpraval, we will vequest formal

Sincarely yours, -

Ode H. Chung ‘
Pringipal Co-Investigator

DHC/ 1e
Attachment: 139 Pg 142 plus pg 15 ;
Oistribution: |
HRC; ?
H. E. Lefevre, HRR/OE/GSB/ |
J, Kimball, NRR]/DE/GSA
0, J, Guzy, RES -
C. Postusny
LLNL : x )
D, L. Barnreytay
P. 0, Smith 3 ;!
R. T. Langland i
J. M. Jahnson/J, Stuart NS -
/ } 8505200318 840920 '
SHOLLYB4-243 PDR
iy ey Emedoyan + bmavsity of Caplangy » R 8axEOR ey, Cottomin

DITSD  Tbepimarts (41514221100 » Teex NQ- 388 QRIS YCLLL (yMQ




RJ/3 AR UL A MR B R W & S S

= ) PROJECT AND BUDGET PROPOSAL FOR NRC WORK T ]
' ] mevision we. 2 P2 122:0n

i
. PROACTY TITLE DRmT '3353‘6’"

(J\ Seistic Hazard Characterization of the Eastern United States ”52‘32 T ale
. ACOFFICE 60-19-42
Nuclear Regulatary Research (RES), Divisfon of Health Sisina & Hasto Mol 20-19-40-42-2__|
CONIAACTON ACLCUIMY
QORCOMTAACTON NUMSEA
Lawrence Livermore National Laboratory (LLNL)
5173 OCE SLA NUMBEM
Livermore, Califarnis 8455 —J’——-——-——-—~
COAMIZANT PEASONMEL ; ORGAMIZATION FYS PHONE NUMBER ERICUQF PEAFORMANCE
MR PROIELY MaNACES STARTING DATE
A, J, Murdphy NRC/RFS/ESBR 427-4618 5/1/482
OTHEM NAL TECHNICAL {TAEP 92-773 COMPLETION OATE
H. E. Lefeyre/Jd, KSmbaN/U J. Guzy ﬁgﬁfﬁiﬁgsg 2,;3 Z.,gzz 9/30/84
Q0L PRDJECT ,mwnuu =
ONE/SAN 636-7918
L \. Clehnd LLNL §32.4948
PRINCIPAL IN/ESTIGATORIS) '
0. L. Berareuter LLNL 632-0308
D, H. Chund LLNL 532-0268 Ry .&@"Si;
J, M., Johuson, Resource Manager LANL 532-4949 ' '-j
STASE (RARS OF EFFORAT (Mouag 13 Acwrall 14a1d Of & y1ad) Fr A2 17’7 A% | (= Bl ;lr.‘-‘f
Olieex Suimitiic/ Teala l
! - -

Qiher Divee (Sruaed)

-4 S e Jitactit TETAL DIBECTSTAFEYEAAS

COSY PROPOSAL

Qinct Luirslon

Marerhil amg Saivices (Exetuding ACF!

ADP Suporn Q

Svoean reem
e
Troval Expeniay gecvip
Camrtug
Indicers Laber Crru
Oihts |Somity, TID
Gerrnnl ind Admininnive { : .

-

TOTAL OPERATING CAY

CAPITAL EQUIFMENY
FIN CHARGED:

TQTAL PROJECT £C37Y
-~ Ad N
—

MOHTRLUY IQALCAST

! Lrnse
A ¥ d
Al de

28)

LTI T R T L N T T T T S L T L e L T e e L

T T L e L L L L T L A L T L T T e AL L L R

R e — . —————— . — —— - ——




\ PROVECT AND BUDGET PROPOSAL FOR NRC VIORK 3aTE
% . a ’ A vy 9/15/83
WogECT TiTat . : ‘ e
- . -’
. ‘Seismic Hazard Characterization of the Eastern U.S, . Aﬂ |
- QR
. OVinG QARANILATION
i L&w-ence Livermore Nationa) Laboratory T
» Fonr 2 e : AW - 4H - I -t ¥
" 'ﬂO‘tl‘DA:;:"!'I"S:.I?D"Dg’::‘”; C;?;%.; ?‘t‘nf&l Oon €acH "SCC‘A?V !.:AISAO TR
: 1 : : [ XAR- Y4 ¥ B Y RO ¥y £y
. vasn n |Tad | ¥g [4n) in ]lnil'bch\n lnl']nd—[.v!ocT«n mJ h-ll 1:4]4.& hQTlncl !m[un
T, Develop Initial . . ——_— '~ i ; g ,
Earthquake Qccurrence
- Mogels -
2. Methodology Improve- |scweouct -
mentis
cosT
3. Sensftivity Studfes [scxeoucé '
: cost
4. Stability of Results |seneouLe . Tl
§. Feedback cosT
6. Peer Review's Final |SCMEOULE .,.-.-—i
Results ‘ N
cosT
"tofoTAL tsynmﬁﬁuéucvcon' ' ;
. . ; . - s 1 a8

PROJECT DESCAIETION. (Prvide nirmtive Jdmsipucas ol e laiawing taoica iy A e »iger liited AmeeY o plin pige: s Wi NAT Faom 145 1l sa tiom it
st ipphicadly, o am) . e .o . ' .

1. ORJELTIVE OF PAOPOLEDWORX . . i )
A g . T 2

2. SUMMARY QFf PAIVA EFFOATY

- .

3. WORK 10 3E #ER7CAMED AND EXPECTED RESULTS

‘“ ouu:nrova:mvfOLLOx;,oaaé'ro'\Ts. R ! « o o

s Muno&smtmomnnonc.'n AL TSI vy
' & MEPOATINGECHEOUL® . e k=
[ © 7. SUBCONTRACTOR INFQAKIATION bt LRI Vi L ey O -
et ) usrumcuxns(ouammrntqumm":. _ G L ..' o LS B

§ OESCRIBE SPECIAL FACILITIESREQUINED

10, CONFLIEY OF INTEREST INFOAMATION ; - , : u -)
o e B NOE AR CMAPTER 1102 £O0 ACOITIONAL INFORMATION T ; X
N TAUTRGAITY SR InnATIRE Teve

Wi i e,




g ATTACHMEN] 1
SEISHIC HAZARD CHARACTERIZATION OF THE EASTERN
U.S, = ESTIMATED BUOGET BARCAKDONN
(FIN No, A0390 and A0428)

DRAFT.

TASK 82 83 84 82 8s

1. Develop Initial €q Occurrence
Models ;

2. Methodology Improvements

2.)] Sel. & Use of Expert

Opinion

2,2 Expanded Ground Mation
"Panel

2.3 Altermative Uncertainty
Modeling & Propagation

2.4 Valldation

3. Sensitivity Studles
3,1 Encodle Res lts - b
3.2 RES Sensitivity Studies
3.2 NRR Sensitivity Studies
3.4 USGS Sensitivity Studies
Stanillity of Results
Fesdback
Peer Review's Final Resulte
6.1 Assess Feedhark

6.2 Peer Review Panel
6,3 Assess Peer Raview

-

Total FY'84 Budget = $22(K

‘DRAFT -




\.

.
- "

7 /7

Nuclear Regulatory Research (RES), Division of Health,Siting & Waste Mgmti20-19-40-42-2

~ 4

NARC FORw 108 US NUCLEAR REGULATORY COMMISSION | DATE OF PROPOSAL

30 {/ W 5/15/82

M) PROJECT AND BUDGET PROPOSAL FOR NRC WORK O~vew 9715783
o Soest (X mevision ne 2 pp 1620nl
¢ ROJECT TITLE Aﬂdsab;uul
\. _eismic Hazard Characterization of the Eastern United States A0428
[NAC B8R NUMBER
NRC OFFICE 60-19-42

QOE CONTRACTOR

Lawrence Livermore National Latoratory (LLNL)

CONTRACTOR ACCOUNT
NUMBER

S TE
Livermore, California 94550

PR 2

-]

COGNIZANT PERSONNEL ORGANIZATION FTS PHONE NUMBER [PERIODOFPERFORMANCE

NAC PRCJECT MANAGER STARTING DATE
A. J. Murphy NRC/RES /ESBR 427-4615 5/1/82
OTHER NRC TECHNICAL STAFF NRC/DE/GSB 482-7732 COMPLETION DATE
H. E. Lefevre/J. Kimball/D.J. Guzy NRC/MSFB 443-5997
DOE PROJECT MANAGER

i DOE /SAN 536-7916
c%ln'mnlcvon-mourr ui ANAGER ﬁ
L. L. Cleland LLNL 532-4948
PRINCIPAL INVESTIGATOR (S)
D. L. Bernreuter 0 LLNL 532-0305
D. H. Chung LLNL £32-0268
J. M. Johnson, Resource Manager | LLNL 532-4G40

STAFF YEARS OF EFFORT ‘Round 1c neares: tenth of ¢ year, lFy 82 |Fy B3 ey B4 FY FY
Direct Screntitic/Technica! ' | _—
¢ Duwect (Graged!
TOTAL DIRECT STAFF YEARS
el COST PROPOSAL SK
Direct Sainrien
Materia’ and Services (Exciuding ADP)
ADP Support
Subcontract
Trave Experses Foreign
Domestic |
Indirect Labo' Com
Other (Specity) TID I
Genera!l anc Admonistrative | L 3 ”
.

TOTAL OPERATING COST

CAPITAL EQUIPMENT
FIN CHARGED

tual Costs FY 82 & 83
ey 84

TOTAL ’R%CY cosY

MONTHLY FORECAST
EXPENSE

o



VS NUCLEAR RLGULATORY Eovmsum.lsm NUMBE R I

A0390 & AO4L2E
PROJECT AND BUDGET PROPOSAL FOR NRC WORK CATE J

9/15/83

. _aelis-ic Hazard Characterization of the Eastern United States

DOE PROPOSING ORGANIZATION
Lawrence Livermore National Laboratory

FORECAST MILESTONE CHART Scheduled 1o Start —  Jyssmegl  — Compieted /Shown in Quarier Y ear,
PROVIDE ESTIMATED DOLLAR COST FOR EACH TASK FOR EACH FISCAL YEAR

: FY B2 v B3 7 BZ “TFY FY
s 19 |2ne| mcIm st 200 | 3ra | 41| 141 [2na] 3ra]an lnI?ndiJ:cI‘w HENESC
1. Develop Initial SCHEDULE
Earthquake Occurrence
Models cosT
2. Methodology SCHEDULE
Improvements
i cosT

3. Sensitivity Studies |scHeDuLE

COsT

4. Stability of Results |SCHEDULE

5. Feedback cosT

Peer Review's Final SCHEDULE
ults

cosy

TOTAL ESTIMATED PROJECT COST

& & ' G

PROJECT DESCRIPTION  (Provige narrative descriptions of the 10//owing topics in the orde listed  Attack on piain pape’ tc this NRC Form 185 I an ttemr o
not app/icable, so stave.)

1. OBJECTIVE OF PROPOSED WORK
2. SUMMARY OF PRIOR EFFORTS ﬁ
3. WORK TO BE PERFORMED AND EXPECTED RESULTS D@
4. DESCRIPTION OF ANY FOLLOW-ON EFFORTS
5. RELATIONSHIP TO OTHER PROJECTS
6. REPORTING SCHEDULE
7. SUBCONTRACTOR INFORMATION
8. LIST NEW CAPITAL EQUIPMENT REQUIRED
9. DESCRIBE SPECIAL FACILITIES REQUIRED
,10. CONFLICT OF INTEREST INFORMATION

=0 SEE NRC MANUAL CHAPTER 1102 FOR ADDITIONAL INFORMATION
APPROVAL AUTHORITY-SIGNATURE




Project Title: Seismic Hazard Characterization FIN No. AQ3590 & AD428

Wang No. 0293t

1 g of the Eastern United States B&R No. 20-19-40-42-2
)

: 1. OBJECTIVES OF PROPOSED WORK

| Objective

The objective of this program is the development of a seismic hazard
characterization methodology for the entire region of the United States
east of the Rocky Mountains. Associated tasks are:

1. Develop the seismicity and ground motion parameters(l) for the

entire U.S. region east of the Rocky Mountains. These parameters

will be at such stage that they can be used to develop the seismic

hazard in a form useful for PRA studies for any U.S. site east of the

Rocky Mountains with relatively little additional effort.

2. Assist the NRC staff in addressing current NRC problem areas such as
changes in the USGS position on the Charleston earthquake and the
implications of recent eastern U.S. (EUS) earthquakes in New
Brunswick and New Hampshire. This will be done through additional
quality control, methodological improvements and ample sensitivity
analysis.

3. Test the methodology at approximately eight sites east of the
Rocky Mountains.

(1) The seismicity and ground motion parameters we will develop are
characterized as follows:

; 0 Seismo-tectonic zonation.
| 0  Rate of earthquake occurrence
i o Distribution of earthquake magnitudes.
! o Largest earthquake with its associated uncertainty.
: 0 An identification of which available ground motion models, including
: uncertainty, should be used in site-specific studies.
J -3
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of the Eastern United States B&R No. 20-19-40-42-2
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i Approach
| Our approach to achieve this objective is to expand, improve, and apply
; methods developed in the SEP/SSMRP, including:

\
\
\
|
\
:
0  Use of expert panels. }
: o  Retention of multiplicity of expert models rather than looking for a \
1 concensus. }
Use of sensitivity studies to identify key parameters. |
Develop characterization of uncertainty about best estimates (or
median) of results.

2. SUMMARY OF PRIOR EFFORTS - BACKGROUND

This Project was initially formulated to meet the needs of a simplified
methodology for routine probabilistic risk assessment. However, several
larger EUS earthquakes occurred and at the January 28 & 29, 1982 meeting of
the ACRS Subcommittee on Extreme External Phenomena, the USGS indicated that
it might change its position on the Charleston earthguake putting the NRR in
the position of needing to assess the possible safety implications of the
recent earthquakes and for any USGS change in position regarding the location
of the Charleston earthquake.

On November 18, 1982, the USGS position letter was filed with the NRC.
The NRC Commissioners were informed of this development on November 19th. An
1 open public meeting was held on November 30th to discuss the background and
implications of the USGS position letter in relation to nuclear power plants
on the eastern Seaboard. In January 1983, the NRC identified the NRC/NRR/DE
f Geosciences Branch plan to address the USGS clarification relating to seismic
design earthquakes in the eastern Seaboard of the United States.

In the proposed scope of work two sets of the NRC needs are recognized.
First, there is the need to perform seismic hazard analysis sensitivity
studies at particular sites to provide the staff with sufficient information
e




&

SRS S IRp— e —————— i 2 - — - » SRR

Project Title: Seismic Hazard Characterization FIN No. AO0390 & AD428
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to assist them in making their safety assessments. The second need is to
incorporate improvements into LLNL's approach to reduce the uncertainty in
their results and provide rapid peer review of approach and results so that
the NRC can confidently use the results in their safety assessments and at
hearings.

Specifically, the NRC has requested LLNL to assist the NRC in meeting the
needs described above by expanding and improving the SEP/SSMRP methodology .
This methodology was developed under the SEP project by LLNL with the TERA
Corporation as a subcontractor and then improved upon and extended under the
SSMRP/Seismic Input (SI) Project. (In the following, we will refer to this
methodology as the SEP/SSMRP study or seismic hazard analysis). As detailed
later, LLNL was requested to expand the range of the EUS Seismicity Modelirg
Panel by adding expertise (specialists) for the southern portions of EUS; to
improve the SEP/SSMRP questionnaire; to improve the EUS ground motion model;
and to re-execute the SEP/SSMRP codes on the new data base.

3. WORK TO BE PERFORMED AND EXPECTED RESULTS
There are six (6) tasks as follows:
Task 1: Development of Initial Earthquake Occurrence Models
Task 2: Methodology Improvements
Task 3: Sensitivity Analysis
Task 4: Stability of Results
Task 5: Feedback and Development of Finalized Models
Task 6: Peer Review and Final Results

TASK 1 - Development of Initial Earthquake Occurrence Models

Background
The objective of this task is to develop and convene an EUS Seismicity

Modeling Panel and obtain from them the necessary information (e.g. zonations,
largest earthquakes, etc.) to develop for each panel member an overall
earthquake occurrence model for the EUS in a form suitable for hazard analysis
programs.

-5 -
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of the Eastern United States B&R No. 20-19-40-42-2

Wang No. 0293t

Subtask 1.1 - Select Panel Members

Interact with the geophysical community to select a panel with NRC
concurrence that is representative of the diversity of opinion about the
seismotectonics of the EUS. The main requirements for being a panel member
are recognized expertise and willingness to put in the time required
(estimated to be about 3 manweeks of effort per panel member including the
feedback-loop). Initial attempt should be made to setup a single panel of
10-15 members to cover the entire EUS.

Subtask 1.2 - Expand LLNL EUS Earthquake History Data Tape
Add Bollinger's catalog to our data tape, add results from the NRC support
EUS network, and quality control the data tape.

Subtask 1.3 - Develop Improved Questionnaire

Review results from the past questionnaire developed under the SEP program
and develop and recommend,with close interaction with the NRC staff through
the Project Manager, a new questionnaire for the seismicity modeling panel.
Incorporate results from Subtask 2.1.

Subtask 1.4 - Interaction with Panel and Obtaining Panel Responses
Interact with seismicity modeling panel members to explain program and use
of their input. Provide, when requested, earthquake history for various zones

defined by panel members.

TASK 2 - Mtc thodology Improvements

Background

The approach used for the SEP/SSMRP seismic hazard analysis has been
extensively reviewed. A number of improvements have been suggested
particularly in the areas of expert opinion solicitation and use and in
theoretical modeling to make probabilistic estimates of the seismic hazard at
a site, Additional work is currently ongoing as part of the SSMRP to improve

ol
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our ground motion modeling including correction for site factors. This work
will be subject to peer review and incorporate additional improvements in LLNL
results. To account for the systematic error introduced by the ground motion
model requires a large number of runs for each expert's earthguake occurrence
model. This makes it difficult to come up with the final best estimate hazard
results which includes all of the random and systematic uncertainty of both
the earthquake occurrence and ground motion models. uUnder this task,
approximate methods will be developed to handle this problem and still keep
the amount of analysis and data management reasonable.

Subtask 2.1 - Solicitation and Use of Expert Opinion .

Review the approach, results and recommendations of the Subjective Opinion
Review Panel and other peer review comments and incorporate improvements into
the approach used to solicit and use expert opinion. This subtask provides
input into Subtask 2.3 where we develop an improved approach to estimate the
seismic hazard at a site.

Subtask 2.2 - Review of Ground Motion Models

Convene a panel of experts with the concurrence of the NRC Project
Manager, to review Subtasks being carried out as part of the SSMRP effort to
improve our ground motion modeling and site amplfication effects. Incorporate
recommendations as scheoule and budget allow into the methodology. This is
the EUS Ground Motion Modeling Panel. As in the SEP/SSMRP study, a panel
consisting of five members was initially suggested. Because of the complexity
and diversity of the eastern United States problems, we expanded the panel to
include one additional expert. It was then suggested by the NRC that we
expand this Panel even further to include another member to the panel., Thus,
the total number of the EUS Ground ‘‘otion Modeling Panel is now seven.

At the January 5-6, 1983 meeting of the EUS Ground Motion Panel, the panel
suggested additional work for LLNL, such as data gathering (e.g., New
Brunswick and New Hampshire events of January 1982) and performing added
regression analysis to extend the Joyner-Boore and Campbell models to lower

- e
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magnitude values. In addition, we need to develop a document for the panel
which defines the various EUS ground motion models and makes comparison of
various ground motion models to all available EUS strong ground motion data.
The Panel needs this information to provide weights to the models. The result
of this additional work will become an important additional inmput to the
program. In particular additional work will be completed on intensity
attenuation using actual distance/intensity data points. The
advantages/disadvantages of this method will be compared to relationships such
as Gupta-Nuttli and Ossippee to determine which is the better method to use.
In addition the spectral strong motion data base will be expanded to include
important earthquakes such as 1979 Imperial valley ( and aftershocks), 1979
Coyote Lake, 1980 Livermore, 1980 Mammoth Lakes (and aftershocks), and 1983
Coalinga (and aftershocks). This expansion will add credibility to the
attenuation equations utilized and will provide better estimates of absolute
hazards estimates.

Subtask 2.3 - Alternative Ways to Propagate the Systematic Uncertainty

This subtask has been redefined because preliminary results from
Subtask 2.1 and from the ground motion panel point to the need to develop
improved ways to propagate both systematic and random error through the hazard
analysis. The purpose of this task is twofold, The first step is to
restructure the HAZARD computer program to do this in an efficient manner.
The difficultly with the current configuration of hazard computer program is
that to evaluate any systematic change in any variable (say rate of
seismicity) requires a complete evaluation of the geometry, seismicity, and
ground motion models. Where as, in actual fact, all that really needs to be
reevaluated are the seismicity distributions. Thus, we propose to restructure
our computer program into three main subelements so that it will be much more
efficient to make the many runs required and to implement different approaches
to propagating the uncertainty. The second step is to examine simplified ways
of propagating syrtematic error to reduce the number of computations that must
be made to define the best estimate curve and its uncertainty,
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Subtask 2.4 - validation of Computer Programs

The importance of the LLNL/Tera computational codes to the Seismic Hazard
Characterization Project cannot be overemphasized. An effort must be
undertaken to validate these codes. There are two aspects of the codes that
need to be validated. The first requires a validation that the code
faithfully replicates the subelement interactions upon which the codes is
based and that the code correctly manages the data which is analyzed. This
aspect might be most efficiently handled as a subcontract to a software shop
to improve the efficiency of the code.

The second aspect requiring validation is that numerical .application of
the theory via the codes produce results which are consistent and meaningful.
An approach to accomplish this validation might be to solve problems with a
closed-form solution such as a circular source zone, or a square source zone
in one case compared to the same area divided up into several blocks (with the
same unit area recurrence). A check could be made between the closed-form
solution and the numerical code solution to determine if the two results are

consistent,

TASK 3 - Sensitivity Analysis

Background
The first objective of this task is to provide each expert sufficient

information about the sensitivity of the computed hazard in different regions
of the EUS for him to assess the physical reasonableness of their responses to
the questionnaire and make adjustments to their model as required during the
feedback-loop. The second objective is to provide NRC with an early
preliminary assessment of implications of the USGS position regarding the
Charleston earthquake and recent EUS earthquakes.

Subtask 3.1 - Encode Results of Questionnaire

Translate the responses to the questionnaire into a form suitable for
input into hazard analysis program. Digitize boundaries of zones supplied by
.y .
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panel members. Interact with panel members as required to ensure proper
interpretation of both the question and response.

Subtask 3.2 - Sensitivity Studies for Feedback Needs
Perform analysis using each panel member's model so that panel members can

assess the physical reasonableness of their model.

Subtask 3.3 - Results at Specific Sites for NRC and Interim Report

Interact with and expand upon the sensitivity studies of Subtask 3.2 to
address current NRR licensing needs using initial models. Experience from SEP
suggests that feedback changes will not be significant except at a few
isolated locations. Perform a "historical" hazard analysis for eight (8)
selected sites for comparison. Write an interim report that provides the
results of the analysis. Our interim report for this task is planned to be a
report similar in format as Appendix B of Volume 4 of our SEP reports for NRR
use. At this time, the scope of this subtask is uncertain. If additional
work is required, we will prepare a proposal that outlines the work required,
level of effort, costs, period of performance, etc., and submit it to the
Director, Division of Health, Safety and waste Management, RES and to the
Director, Division of Engineering, NRR.

Subtask 3.4 - Additional Sensitivity Studies with Reference to the USGS
Open-File-Report 82-1033

Perform sensitivity studies utilizing the source zones and recurrence data
contained in the US Geological Survey document, Open-File-Report 82-1033 using
the ground motion models developed as part of this project. This subtask work
involves a close interaction of LLNL staff with USGS staff members (especially
with Messrs, Algermissen and Perkins) in Denver, Colorado and may require a
meeting with them,

TASK 4 - Stability of Results »

- 10 -
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Background
The objective of this task is to establish the relative stability of our

approach using a comparison of the seismic hazard results between the
SEP/SSMRP study and this study. Recent EUS earthquakes will allow us to
assess the impact of new information.

Subtask 4.1 - Analysis and Assessment

Perform additional analysis required using both the earthquake occurrence
models developed in Task 3 and the SEP/SSMRP study. In particular, as the
recent EUS earthquakes occurred in regions not analyzed as part of the
SEP/SSMRP, LLNL will have to compute the seismic hazard in these regions using
both the SEP/SSMRP models and the models developed as a result of this study.
Compare results using the synthesis hazard results from both this study and
the SEP/SSMRP study, and the individual results from the seismicity modeling
panel members who participated in both this study and the previous one.

TASK 5 - Feedback and Development of Finalized Models

Background
The objectives of this task are to give the seismicity modeling panel

members an opportunity to review the physical reasonableness of their inputs,
review LLNL interpretation of their inputs and finally make any changes to
their earthquake occurrence models that they feel is necessary to make their
models physically reasonable. It will also provide the panel members a chance
to discuss their views ana possibly narrow the differences in opinion about
key parameters.

Subtask 5.1 - Reconvene Panel and Develop Feedback Questicnnaire

Put results of Task 3 and 4 in a form suitable for seismicity modeling
panel members review. Hold a meeting with the panel and discuss
sensitivities, importance of various parameters, and significance of any

differences between panel
.
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members. Allow panel members to discuss their differences and hopefully
narrow the differences between panel members. Howaver, SEP/SSMRP results
suggest that there will be little movement towards concensus positions.
Isolate the key items and develop a feedback questionnaire to address open
items.

Subtask 5.2 - Make Changes to Models
Make changes to each expert's model as required using the responses

obtained in Subtask 5.1.

TASK 6 - Peer Review and Final Results

Background
The objective of this task is to help maintain the scientific merit and

credibility of this program by subjecting it to a formal peer review panel.

Subtask 6.1 - Assessment of Feedback

Analysis will be carried out to assess the implications of the feedback-
loop on the results reported in Subtask 3.3. We have only budgeted for a
limited amount of assessment such as was performed for the SEP study. Develop
an interim report on the assessment of the feedback-loop.

Subtaék 6.2 - Convene Peer Review Panel

Select a peer review panel similar in make-up to the one used for the
SEP. Meet with the parel and provide them with an updated methodology report,
results report from Ta:k 3 and the feedback assessment reported from Subtask
6.1.

Subtask 6.3 - Assess Peer Review Recommendations

Perform sensitivity studies to assess the implication of Peer Review Panel
recommendations in a manner similar to what_was done for the SEP.
. -12 -
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Establishment and Purpose of Model and Peer Review Panels

During the course of this project, it is necessary to convene three panels

of experts:

1. Eastern U.S. Seismicity Modeling Panel, Task 1
2. Ground Motion Modeling Panel, Subtask 2.2
3. Overall Peer Review Panel, Subtask 5.1

Each of these 656315 is being convened by the contractor to obtain the
expert opinion of each expert individually and not to obtain a consensus
opinion of the panel. Several of the panels are being brought together in
meetings to permit the free-flow of all available information that may
contribute to the formulation of individual expert opinion. The contractor
may, as part of the program effort, form its csinion of an average or
consensus opinion of the panel's individual opinions.

& IB
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Project Title:

Seismic Hazard Characterization of the Eastern U.S.

- 14 »

Milestones
|
§ Milestone Task * Task Target Date
: Subtasks
; 1. Develop Initial Earthquake Occurrence Models
1. Complete selection of panel and development of 9/1/82
first round questionnaire.
: 2. Zonations developed from panel's responses. 12/15/82
3. Panel members complete questionnaire. 7/1/83
2. Methodology Improvement
1. Start work on statistical improvements. 5/1/82
2. Complete effort on improvements to 2/1/83
: solicitation of expert opinion.
|
! 3. Convene expanded Ground Motion Panel. 1/15/83
,f Questionnaire 7/15/83
’ Response 10/30/83
i (Pacing Item)
’5 4. Complete work on statistical improvements 7/15/83
- on use of expert opinion and alternative
- ‘ approachs to propagate systematic error
! -
i 5. LLNL documents in-house validation effort. (FY'84)
: 6. Validation RFP sent out. (FY'84)
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. Milestone Task Task Target Date
i Subtasks
|
: 7. Contractor selected for independent (FY'84)

validation effort.
8. validation completed by contractor. (FY'84)

3. Sensitivity Analysis

1. Start encoding zonations. ., 12/15/82
5/1/83C

M

2. Complete sensitivity studies and provide NRR 9/15/83 5&5

with initial assessments. 12/15/83 <C\
\

\ 3. Compare with USGS results. 12/15/83
4, Complete assessment of stability of results. 12/15/83

5. Feedback Loop

%)
1. Hold feedback meeting!1)®, 11/30/83
(2)* Xﬁ,s
2. Send out second round questionnaire » 12/30/83 \
h |
3. Results from second round questionnaire encoded. 3/1/84

#*Note: (1) This is an approximate date as it depends upon the schedule
of panel members. Our experience from the SEP study indicates
that it was difficult to find a date to gather in one place at
the same time sufficient number of the panel members.

. Kot o Wb

(2) This date is approximate. The actual date is dependent upon
when the feedback meeting was held.
- 15 -
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Milestone Task Task Ta Date

Subtasks

6. Peer Review and Final Results

1. Assessment of implications of feedback.
4/15/84

2. Peer Review Panel meeting. 6/15/84

3. Assessment of Peer Review. 9/15/84

- 16 -
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4, DESCRIPTION OF ANY FOLLOW-ON EFFORTS
Uncertain at this time.

5. RELATIONSHIP TO QOTHER PROJECTS

The state-of-the-art fincings from this project will assist three other
projects in progress at LLNL: (1) One is the SSMRP, Phase II studies (FIN No.
A0126-2), (2) the Geoscience Case Review Project (FIN No. AQ406-2), and (3)
the Probablistic Assessment of the Seismic Hazard of Eastern U.S. Power plant
Sites (FIN No. AD448).

6. REPORTING SCHEDULE e,
A monthly business letter report shall be submitted by the 15th of the

month covering details of the proceding month to the cognizant NRC Project
Manager with coples to B. L. Grenier, NRR, and W. Batson, RES. These reports
shall contain:

a. A listing of the amount of effort (staff months), broken down by
task, expended during the reporting period;

b. A listing of any efforts completed during the period; milestones
reached, or if missed, an explanation provided;

¢. The amount of funds expended for staff, computer, subcontracting, and
travel during the period and cumulative to date for each task;

d. Any problems or delays encountered or anticipated, itemized by task
and subtask; and

e. A brief but thorough summary of progress during the reporting period.

An interim report will be issued upon completion of Task 3. This interim
report we envision is a report similar in format to Appendix B of volume 4 of

our SEP reports.

- 17 -
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In our final report, we will provide a complete technical description of our
effort and results of Task 3 along with the following products:

a. Seismic data (zonation, occurrence rates, magnitude distributions,
attenuation models, etc.) in sufficient detail to be applied to a
seismic hazard analysis of any location in the Eastern united States
(east of the Rocky Mountain). The forms of this data should be such
that it can be directly input as a computer file into the SSMRP
HAZARD Code, or be used in whole or part by the general public in
performing other types of seismic hazard evaluations.

Complete documentation, in the form of NUREGs, of the data and the
procedures by which it was obtained.

NOTE: It is important both to this project and to the SSMRP that this
report (in a draft form) be available on or about mid-January

1984, We expect by this time that the SSMRP will have access to
our data and the results of our analysis from this project.

A draft version of the final report shall be submitted to the NRC for
review and comment thirty (30) calendar days prior to the contract expiration,
with fifteen (15) copies to the Project Manager. This report shall contain a
comprehensive recapitulation of the entire contract effort and shall be
documented, produced, and disseminated in accordance with NRC Manual Chapter
3202, "Publication of Regulatory and Technical Documents Prepared by NRC
Contractors." The final report shall include, as a minimum, a summary of two
to three pages written in clear, unambiguous language and fully substantiated
in the body of the report. The summary shall be suitable for use as a press
release. The contractor shall submit one (1) camera-ready copy and two copies
of the Final Report to the Project Manager.

- 18 =
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7. SUBCONTRACTOR INFORMATION

The TERA Corporation has been identified as our sole subcontractor for the
project. The TERA Corporation was involved with the SEP and the SSMRP work,
as a subcontractor to LLNL. -

The TERA Corporation has performed all types of seismic hazard
determinations--empirical, deterministic, and probabilistic. Many site-
specific analyses have been performed under LLNM. contracts, These include (1)
nine eastern SEP sites and the Zion site; (2) six sites for NMSS as part of
their licensing effort; and (3) 26 sites of DOE facilities. More recently,
the TERA group has performed a variety of seismic hazard analyses for such
sites as San Onofre, Diablo Canyon, and Humboldt Bay for other clients. In
view of this, we are structuring our work under the subject project such that
we remove TERA from a central role in the hazard analysis.

Regarding the principal project staff at TERA, we expect Lawrence H. Wight
will provide all the necessary corporate direction; Drs. Chris Mortgat, and
Mansour Niazi will provide task level technical direction, with support from
other TERA staff as appropriate.

8. LIST NEW CAPITAL EQUIPMENT REQUIRED
Nom.

9. DESCRIBE SPECIAL FACILITIES REQUIRED
None.

10. CONFLICT OF INTEREST INFORMATION
None.

]9 -
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11. MEETINGS AND TRAVEL

We have budgeted for 3 one-person trips to Bethesda, Maryland, to attend
meetings with NRC staff, 2 two-person trips to expert panel meetings, and one
three-person trip to a feedback meeting. Location of these meetings is
unknown at this time.

12. NRC FURNISHED MATERIAL
NRC will furnish the FSARs and other appropriate reports requiring review

for each of the sites under this contract.

13. PROPRIETARY DATA ‘

In the event any proprietary information is submitted by the NRC in
connection with this project, it must be specifically identified. The
University agrees to exercise its best efforts to avoid release of proprietary
data. Nevertheless, neither the University, its employees, nor the government
shali be liable in any way in the event such information is released.

Furthermore, limitation shall not be imposed on the use of any information and
data previously delivered to the University or government without limitations
or previously published in any form as to be generally available.

1l4. PATENT STATUS

This proposal is being transmitted in advance of patent review for
evaluation purposes only. No further dissemination or publication shall be
made without prior approval of the Assistant GCeneral Counsel for Patent, DOE.

15. TASK X ON CALL ASSISTANCE
Not applicable at this time.

16. SUMMARIZE DEL IVERABLES
o Monthly Management Letter Report

0 An interim technical report summarizing our findings on Task 3.
0 Final technical report (of a NUREGC quality)
» 3o
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October 18, 1983

EG-83-092/1125u
TO: Jeff Kimball
FROM: Jean Savy
SUBECT: Definition of the LLNL "Best Estimate Hazard Curves" and Method

of Obtention of the Hazard Percentiles

1. Best Estimate Curve

The seismic zomation data as provided by the experts is a random variable.

The experts gave us a best estimate map and some information describing the
variability in the variable. Those same experts provided quarﬁ‘ative values on
the seismicity, recurrence upper magnitude cutoff for each zone that they
identified in their zonation maps. Their description of these parameters for
each zone was, again, in temms of a best estimate and some description of the

variability.

Similarly, the ground motion experts provided a best estimate attenuation
model and a set of alternative models and associated weights, to describe the
variability. In our calculation of the best estimate hazard curve, we start
from the best estimate zonation map for the s*" (s =1, 2, . . . , 5)
seismicity expert and choose the best estimate ground motion identified by the

qth ground motion experts. g=1,2, ..., G

The "best estimate" of the hazard for the sth seismic expert is a weighted
average of the hazard calculated for seismicity expert number s and each of
the G ground motion experts.
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That is:
rar0a T v roaea/( T )
s olg ¥ %N 9-%:9 59

where P__ (A > a) is the estimated hazard based on the best estimate
zonation and seismicity for expert s and best estimate ground motion model for
ground motion expert g.

Similarly, the final estimate of the "best estimate" hazard is obtained by a
weighting average of Ps (A >a) over the S seismicity experts.

P(A>a)= 25 P (A>a) "/(sz w)

s=1,5 =, *

2. Evaluation of Uncertainty

Four each couple (s,g) of (seismicity-ground motion) experts, a Monte Carlo
simulation process is used to generate the cumulative distribution function of
the probability of exceedance p = P(A > a), for a given value of the
acceleration a.

In this simulation process, the zonation is now a random variable and the
sample zonations are drawn from all possible maps provided by the expert with
distribution determined by the weights computed from the expert's
information. The ground motion models are drawn in a similar fashion with
distribution determined from the weights assigned to each model. All the
other random variables are drawn from their specified distributions.

For example, for a given acceleration a, and with seismicity expert number 6,
and ground motion expert number 3, we obtain a COF of p as shown in Fig. 1.
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P [py <p]
(6,3)

ees

Figure 1

Now, if w2 have S = 11 and G = 5 we are going to have all the possible
combinations of s and g (i.e., 55) curves such as the one presented in Fig. 1
(for a given value of a). We combinz all of these 55 probability distribution
functions using standard probabilistic methods.

P[pa 3"] 3 ,,;,u = "s Y9 Psg {p. 5"}/(;;"3 'g)

g=1,5

That is, the distribution of the probebility of exceedance due to the
uncertainties in the zonation, seismicity and ground motion models expressed
by the experts, Is the weighted average of the individual distribution for
each pair of experts. Thus, for each value of the acceleration a we obtain a
single distributior. of p from which we infer the 5, 15, 50, "= and 95th

percentiles.

cc: D, L, Bernreuter, LLNL
D. H. Chung, LLNL




