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ARTE LY PR RE REP RT NO.

This is the fifth quarterly progress report for the Diablo Canyon Power
Pl ant (DCPP) Long Term Sei smi c Program (LTSP) . Thi s report describes
activities during the period August 1 through October 31, 1986.

During this reporting period, Phase III efforts continued in all program
elements: Geology/Seismology/Geophysics, Ground Motions, Seismic Hazards
Analysis, Soil/Structure Interaction, Fragilities, and Probabilistic Risk
Assessment. Also during this period, the following meetings and
workshops were held:

August 7, 1986

August 15-16, 1986

August 19-21, 1986

PGandE Consul ting Board meeting

NRC/PGandE Geol ogi c Fi el d Trip wi th U.S.
Geological Survey (USGS), California Division of
Mines and Geology (CDMG), University of Nevada,
Reno (UNR), and others. The agenda and list of
attendees are attached.

NRC/PGandE Horkshop on Probabi listic Risk
Assessment. A plant visit related to PRA was
held August 19. The agenda for the August 20-21
workshop and list of attendees for August 20 are
attached.

October 21-22, 1986 NRC/PGandE Horkshop with USGS, CDMG, UNR, and
others on Geology/Seismology/Geophysics. The
agenda and list of attendees are attached.

October 23-24, 1986 NRC/PGandE Horkshop on Earthquake Ground Motions
and Soil/Structure Interaction. The agenda andlist of attendees are attached.

During the next reporting period, the following meetings and workshops
are planned:

December 10-12, 1986 NRC/PGandE Horkshop on Soil/Structure Interaction

February 1987 NRC/PGandE Horkshop on Probabi listic Risk
Assessment.

2. EOL Y/ EI M L Y/GE PHY I

2.1 1 n h

2.1.1 Fi 1 1 i i n im n A

Field geologic studies in the San Simeon area were continued and
largely completed during the reporti ng period. The studies were
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organized in four major categories: (1) mapping and detailed
subsurface (trenching) exploration of the San Simeon fault in the
area between Oak Knoll Creek and San Simeon Bay; (2) mapping and
sampling of sea floor outcrops along the southeasterly projection
of the San Simeon fault zone, in San Simeon Bay and off San Simeon
Point; (3) mapping marine terrace surfaces developed across the
traces of the San Simeon fault near San Simeon Bay, using surface
mapping techniques supplemented by subsurface control (auger
drilling and seismic refraction profiling); and (4) age dating
studies using techniques of absolute age dating of samples from
marine and fluvial terrace deposits and sag pond deposits (carbon
14, amino acid, u-seri es, thermoluminescence), soil chronosequence,
uplift rate, and correlation.

Results to date from this work have clearly established that the
San Simeon fault exhibits right lateral strike slip movement with
recurrent slip events during Holocene time. The rate of slip has
not yet been established precisely but is constrained to be in the
range of 1-10 mm/yr.

Preliminary results of this work were reviewed at the NRC/PGandE
workshop on October 21 and 22, 1986.

2.1.2 A i i i n f V rtical and li A ri 1 Ph

The program of acquiring new aerial photographic coverage, reported
as Item 2.1.1 of the previous Progress Report, was supplemented
with another flight line of 1:36,000 scale stereo aerial
photography extending between Nipomo and Point Buchon.
Additionally, a program of acquiring low-altitude, large-scale
oblique photos of the sea cliff between Point San Luis and Pismo
Beach, using a helicopter-based photographic system, was completed.

2.1.3 Fi 1 1 i i Avi 1 -Pi m B h r

Field geologic studies in the Avi la-Pismo Beach area were initiated
during the reporting period. The studies were divided among the
following activities: (1) mapping of the marine terrace sequence
and sea cliff between Avila and Pismo Beach, including the
coastline intercepts of the San Higuelito, Pismo, and Hi lmar Avenue
faults; (2) detailed mapping and logging of the coastline exposure
of the Hi lmar Avenue fault zone near Pismo Beach; and (3) mapping
and sampling of sea floor outcrops in San Luis Obispo Bay, adjacent
to the onshore area being studied.

Results to date from this work suggest that the San Miguelito fault
has not displaced terraces on the order of 100,000 years old, but
such terraces appear to be displaced some 21 feet vertically across
the Ni lmar Avenue fault zone. The diver geology work suggests that
these faults are not connected beneath San Luis Obispo Bay.
Detailed studies of the terrace sequence and the faults are
continuing.
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Preliminary results from this work were reviewed at the NRC/PGandE
workshop on October 21 and 22, 1986.

2.1.4 ii in n In rr in f h i 1D

Acquisition and interpretation of marine geophysical data sets
continued during the reporting period.

n i mi P r m. Interpretation of the LTSP 2- to
5-second suite of CDP seismic reflection records (OPI-GSI; 1974
Western Geophysical; 1977 CGI) continued with development of
structural contour maps of two horizons within the offshore Santa
Maria Basin adjacent to the Nosgri fault. The two horizons are the
top of the Monterey formation (Upper Miocene) and the Sisquoc
unconformity (mid-Pliocene) . Calibration of the seismic lines was
achieved through correlation from the numerous logs of offshore
wells now available. The region contoured as of the end of the
reporting period extended from mid-Estero Bay to south of Point
Arguello. This region will be further extended to the north and
east, using new data recently purchased from Western Geophysical
and Nekton Inc., respectively. The structural contour maps are
being used in interpreting the pattern and history of deformation
during the Neogene evolution of the offshore Santa Maria Basin and
the Hosgri fault.

h ll w Hi h-R 1 i n i mi Pr r m. Interpretation of the
LTSP shallow high-resolution data set (Fairfield-HHS, pre-1980
analogue) continued, principally involving development of a
structural contour map. The contoured horizon is estimated to be
of Upper Pliocene or Plio-Pleistocene age. Other work included
further study of the shallow structure and sea floor surface
morphology along the trace of the Hosgri fault zone.

During this reporting period, detailed planning was completed for
the acquisition of 380 miles of new shallow high-resolution seismic
data. These data will be obtained during November and early
December in the reach between Point Sal and Cape San Hartin.

r i f ff h r - n m D . The program of
reprocessing offshore 5-second seismic data, described in Item
2.1.7 of the preceding Progress Report, was partially completed
during the reporting period, with delivery of an initial set of
reprocessed lines by the contractor. This program will be
completed and the reprocessed data will be made available for
revised structural interpretation of the Hosgri fault during the
next reporting period.

rvi In . n h r i mi D A i i i n Pr ram.
Processed records from the Seisdata Services Inc. onshore seismic
program in the Santa Maria Valley region (identified in Item 2.1.8
of the preceding Progress Report) were received in 5- and 12-second
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form and became available for interpretation. Two supplementary
line extensions are scheduled for field acquisition during the next
reporting period.

D Cru al i . During this reporting period, detailed
planning was completed and a program of acquisition begun for a
combined seismic reflection/seismic refraction program of deep
crustal studies. This program, which involves participation by
EDGE, the USGS, and others, will be completed during November.

2.2 n r 1 i m N w r

A total of five high-gain seismic stations have been installed at
locations along the coast, centered at the Diablo Canyon site. The
locations and instruments are as follows, listed from north to south:

LAR
LDP
LSH
LSH
LPS

~Lan
Near Point Estero
Davis Peak Hicrowave Tower
Diablo Canyon Site
Near Point San Luis
Near Point Sal

In rmn
3-Component
Vertical
3-Component
Vertical
Vertical

The data are transmitted by analog FH telemetry to the PGandE microwave
tower at Davis Peak, from which they are multiplexed to the triggered
digital recording center in San Francisco.

The contract for procurement of the remaining network equipment has been
placed. Equipment deliveries will start in early 1987.

During the period August 1 to October 31, 1986, the network recorded
regional and teleseismic events as well as explosions associated with the
deep crustal survey. No local earthquakes were recorded during this
period.

3. GJRRS
3.1 Em iri al r und H i n Inve ti ati ns

During this reporting period, progress in the empirical ground motion
investigations consisted of the following:

Representative acceleration time histories were selected for
consideration and possible use in LTSP Soil/Structure Interaction
analyses. These accelerograms were selected on the basi s of their
appropriateness to DCPP conditions.

2. Empirically derived ground motion relationships for horizontal
acceleration response spectra were reviewed and evaluated for their
applicability to DCPP conditions. On the basis of these
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3.

evaluations, attenuation relationships for horizontal acceleration
response spectra for periods up to 2 seconds were selected and
developed for consideration in LTSP Phase IIIA probabi listi c
seismic hazard analyses.

The development of attenuation relationships for use in LTSP Phase
IIIB studies was initiated. These relationships wi 11 be based on
detailed statistical analyses of currently available strong motion
recordings.

Preliminary results of this work were reviewed at the NRC/PGandE workshop
on October 23 and 24, 1986.

3.2 N m ri 1 M in Pr r m

The principal activity of the numerical ground motion modeling program
was the calibration of the method agai nst observed strong motion
recordings. Particular emphasis was placed on evaluating the radiation .

of high-frequency ground motions from asperities on the fault surface.

In the course of the calibration study, a seri es of modifications were
made to the simulation procedure. The calibration study was started with
the empirical Green's function summation approach (Hadley and
Helmberger, 1980), in which strong motion recordings of smaller events
are summed to produce a simulation of a larger event. The first
modification of this procedure was to calculate point source Green's
functions and to convolve them with an empirical source function,
following the procedure of Hadley, Helmberger and Orcutt (1982). The
source function was selected from a strong motion recording very close to
the source of a small event. This approach allows more exactness and
flexibility in representing the Green's functions for any desired source
depth and distance and any crustal structure model. This gave subfault
Green's functions that were summed as before. The second modification
was to use a series of empirical source functions representing a range of
focal sphere locations instead of a single source function. This allows
empirical representation of the variations in radiation around the focal
sphere, instead of imposing the theoretical radiation pattern. This
allows the motions at lower frequencies to be relatively coherent and
exhibit nodes, while the motions at higher frequencies can be less
coherent and not exhibit nodes.

Preliminary results of this work were reviewed at the NRC/PGandE workshop
on October 23 and 24, 1986.

4. EI MI HAZARD ANALY I

During this reporting period, the logic tree input for seismic hazards
analysis was reviewed and updated for use in Phase IIIA. The Phase IIIA
seismic hazard calculations will be performed during the next reporting
period and will be reported in a future workshop.
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5. IL/ TR CTURE INTERA TI N

5.1 Pr ram H difi i n

The SASSI computer program was upgraded to include plate elements for
modeling foundation basemats to study the effects of foundation
flexibility on Soil/Structure Interaction (SSI) responses. The modified
program was tested to verify the program capabilities.

52 Dv 1 men f Bil in H 1

The 3-D containment and the auxiliary building models have been
developed. For evaluation of the effect of basemat flexibility, a 3-D
finite element model of the auxiliary building has also been generated.
Efforts are continuing to develop a 3-D dynamic stick model of the
turbine building.

The available recorded earthquake data in the various buildings are being
analyzed to calibrate the dynamic properties of the 3-D SSI models.

5.3 P rametri i

In addition to the parametric studies reported in quarterly Progress
Report No. 4 (such as the effects of inertial interaction, kinematic
interaction of inclined wave fields, foundation embedment, and
structure-to-structure interaction, all performed on simplified
containment and auxiliary building models), parametric studies were also
performed to study the effect of basemat flexibility. These studies
utilized a simplified 3-D finite element model of the auxiliary building
and the SASSI computer program.

6. ~IL
61 li in r in fVr 1 A r h

A series of time-history dynamic analyses were conducted on a simplified
auxiliary building model by varying the structure and equipment dynamic
properties using weighted Honte Carlo trials.
Initial comparisons of these time-history results and corresponding
results predicted from the conventional separation of variables approach
indicated quite similar results.

62 val i n f Dminn nri r

Critical examination of the structure and components that were identified
in Phase II Probabilistic Risk Assessment (PRA) studies as the dominant
contributors to seismic risk continued. Since the input ground motions
and the plant-specific SSI responses have not yet been completed, the
revised fragi lity estimates for this phase of the study are directed
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towards capaci ty reevaluati on only. Simpl i fied nonl i near dynami c
analysis of the turbine building is being performed to assess the
variability associated with inelastic energy absorption capability of the
bui 1 ding.

7. PR BABILI TI RISK A E MENT

Initiating event analysis and event sequence analysis are complete and
are under review by PGandE. Oata analysis, systems analysis, spatial
interaction analysis, and plant damage state definition are in progress
and are expected to be completed early in 1987. Human action analysis,
seismic analysis, internal fire and flood analysis, other external events
analysis, and quantification of results are scheduled to begin early in
1987 and to be completed by midyear.

Attachments
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Diablo Canyon

Long Term Seismic Program

Geologic Field Trip

August 15 and 16, 1986

1. Assemble at PGandE Energy Center

Highway 101, just south of Avila Beach Turnoff
A

Friday - Ass'emble at 8:00 a.m.

Saturday - Assemble at 7:30 a.m.

2. Field Trip Friday - 8:30 a.m. - 7:00 p.m. Detailed Agenda by Slemmons

Saturday - 7:30 a.m. - 7:00 p.m. Detailed Agenda by PGandE

Transportation and box lunches provided for total of 24 persons.

3. Evening Session - 7:00 p.m. - 10:00 p.m.

PGandE Building

405 Higuera Street

San Luis Obispo

Friday - Geophysics

Saturday - Wrap up
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PICKARD, LOWE AND GARRICK, INC.
DCPRA WORKSHOP

Newport Beach, California
August 20-21, 1986

AGEND'A

WEDNESDAY. AUGUST 20

Introduction

~ The DCPRA as Part of the Long-Term Seismic
Program

~ The Project Team

~ Today's Agenda

Overview

Roy Pray, PGandE 8:30 a.m.

~ DCPRA Methodology

~ Seismic Analysis Methodology

( ~ Break

~ Phase IIApproach and General Results

~ Phase III—%here We Stand, Where We Are Headed

Lunch

Phase II Events

~ Internal Events

Preliminary Assumptions

ETC and MAXIMAComputer Codes

Contributors--Point Values, Recovery,
Phase IIAllowances for Sequence Uncertainty

Necessary ReQnements for Phase III .

~ Break

Dennis Bley, PLG

Hal Perla, PLG

Dennis Bley, PLG

9:15 a.m.

10:00 a.m.

10:30 a.m.

12:15 a.m.

3:00 p.m.

Noon

Don Wake6eld, PLG 2:00 p.m.'
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WEDNESDAY, AUGUST 20 (continued)

~ Seismic Events 3:15 p.m.

Assumptions

Contributors--Point Values, Recovery, Phase II
Uncertainty Treatment, Sensitivity to Calculational
Techniques

Phase III Improvements

Phase IIIPlan Hal Perla, PLG 4:00 p.m.

THURSDAY, AUGUST 21

Event Se uence Models Don WakeGeld, PLG 8:30 a.m.

e Initiating Events

~ Event Sequence Diagrams and Frontline
Event Trees

~ Phase II/Phase IIIComparisons

S stems Anal sis Jim Lin, PLG 9:15 a.m.

~ Dependency Matrices

~ Support System Event Trees

~ Systems Analyses —Format, Assumptions,
RISKMA~

~ Phase II/Phase IIIComparisons

~ Break

Other Work

10:30 a.m.

~, Spatial Interactions

~ Data

~ Relay Chatter

~ External Events

Mardy Kazarians, PLG 10:45 a.m.

Shobha Rao, PLG 11:00 a.m.

Bruce Smith, PGandE 11:15 a.m.

Hal Perla, PLG 11:30 a.m.

~ Design and Construction Errors

~ Documentation

Lunch Noon
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THURSDAY, AUGUST 21 (continued)

Seismic Fra t Anal sis

~ Methodology

~ Phase II Results

~ Planned Phase IIIActivities

Bob Kennedy, RPK 1:00 p.m.

3
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DIABMCANYON LONG TERM SEISMIC PROGR LTSP
GEOLOGY/SEISMOLOGY/GEOPHYS ICS

~RRK KE RKE

CONFERENCE ROOM 2L SECOND FLOOR OF

45 FREMONT STREET BUILDING
BUILDING LOCATION IS DIRECTLY ACROSS STREET FROM 77 BEALE STREET

SAN FRANCISCO

AGENDA (TENTATIVE)

TUESDAY OCTOBER 21 1986

8:00 a.m. - 8:30 a.m.

8:30 a.m. - 2:30 p.m.

~ Introduction
~ NRC

~ PGandE

Characterization of Hosgri Fault Zone
~ San Simeon Region
~ Offshore Region from Point Estero

to Purisima Point
'o Discussion

12:30 p.m.

1:30 p.m.

3:00 p.m.

1:30 p.m.

3:00 p.m.

5:00 p.m.

Lunch

Characterization of Hosgri Fault Zone (Continued)

Characterization of San Luis/Pismo Region
e UNR Studies
~ PGandE Studies
~ Discussion

12:30 p.m.-

1:30 p.m.

1:30 p.m.

3:00 p.m.

3:00 p.m. - 5:00 p.m.

MEDNESDAY OCTOBER 22 1986

8:00 a.m. - 12:30 p.m. Characterization of San Luis/Pismo Region (Continued)

Lunch

Tectonic Framework
~ Neogene Tectonic Model
~ Discussion

'R

NRC Caucus and Discussion

LSC/FNB:rle
10/15/86
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DIABLO CANYON LONG TERM SEISII: PROGRAM

GEOLOGY/SEISMOLOGY/GEOPHYSICS NRC/PGandE WORKSHOP

OCTOBER 22 , 1 986

NAME OF ATTENDEE AFFILIATION
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IkBLO CANYON LONG TERM SEISMOPROGRAM
GEOLOGY/SEISMOLOGY/GEOPHYSICS NRC/PGandE WORKSHOP

OCTOBER 22 , 1 986

NAME OF ATTENDEE

24 Pj+t 5o PERU tQL.C.

AFFILIATION

Lnr0o D Qg4) -CLYDE

VIVE.

6 Ly'p.s,r,(~ 7i~c'i(i t 4'' $

29.

30.

3).

32.

33.

34.

35.





DIABLO CANYON LONG TERM SEISMIC PRO M LTSP
GROUND MOTIONS

NRC PGandE WORKSHOP

17TH FLOOR CONFERENCE ROOMS

77 BEALE STREET BUILDING
SAN FRANCISCO

AGENDA (TENTATIVE)

GROUND MOTIONS

THURSDAY OCTOBER 23 1986 (ROOM 1753)

8:00 a.m. - 8:30 a.m.

8:30 a.m. - 12:30 p.m.

12:30 p.m. - 1:30 p.m.

1:30 p.m. - 5:00 p.m.

Introduction
~ NRC

~ PGandE

Ground-Motions Input to Phase IIIA Studies
~ Time Histories for Fragility Evaluation
~ Input to Soil/Structure Interaction (SSI)
~ Input to Seismic Hazard Analysis
~ Discussion

Lunch

Ground-Motions Input to Phase IIIB Studies-
Mork in Progress
~ Empirical
~ Numerical
~ Discussion

FRIDAY OCTOBER 24 1986 (ROOM 1752)

8:00 a.m. - 9:00 a.m. Additional Topics
~ USGS - K. Campbell
~ Discussion

9:00 a.m. - 10:00 a.m. Instrumentation
~ Additional Ground-Motions Instruments at Site
~ Discussion

SOIL STRUCTURE INTERACTION

10:00 a.m. - 10:30 a.m.

10:30 a.-m. - 12:30 p.m.

12:30 p.m. - 1:30 p.m.

1:30 p.m. - 3:30 p.m.

Introduction

~ Incorporation of Ground'Motion Characteristics
in SSI Studies

~ Discussion

Lunch

NRC Caucus and Discussion

LSC/YBS/FMB:rle
10/15/86
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DIABLO CANYON LONG TERM S~SMIC PROGRAM

GROUND NOTIONS NRC/PGar WORKSHOP

OCTOBER 23, 1986
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DIABLO CANYON LONG TERM SEI IC PROGRAM

GROUND MOTIONS NRC/PGand ORKSHOP

OCTOBER 23 1 986

NAME OF ATTENDEE AFFILIATION
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DIABLO CANYON LONG TERM SEISMIC PROGRAM

GROUND NOTIONS NRC/PGa~ NORKSHOP

OCTOBER 24, 19%

NAME OF ATTENDEE

1. l/~(cled C~L( r=F

2. FPAuv GU. 8/2+0'r

AFFILIATION

g (fl

PG. <E

6.. Qll.j,5N |" HOlCSHl

>. C.J. C-~7r1Wr,~~
8. Boss +~~pl,
9. C~ Ry R.v

10. JPS, /Sy
11 PggL $ 0M'~~+ ~

12.Me~ tC/mprsg ~
13. La.IL'ana K4J c[~<

14. h6ee A4PCZ

16. g~irrr J. Agorru~~

16. Z Pe.ve. @ay

~~ Mz(~
18. ~it X /~Aczoi~i

19. Tr gu EC~ArJ

6~ asm

us ur-'<

Ag wag

os ~p.C.

'G CA7m~~ /Q+ g 8
LfsP PckE

Acl~/p4,!p
Q pod)MA~Q - c,c.gg i

t «~c.
Xv. g~ q
7+NF

zzc ~u/A ~t(4r'r'l.
L.~~ co-s~lka~t

~AZe —Pg,wC

Qg a~ AVX.'Ix/ P+ $ p

pg'gc




