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1. INTRODUCTION

This is the seventh quarterly progress report for the Diablo Canyon Power
Plant (DCPP) Long Term Seismic Program (LTSP). This report describes
activities during the period February 1, 1987, through April 30, 1987.

During this reporting period, Phase III activities continued in all major
program elements: geology/seismology/geophysics, ground motions,
soil-structure i nteraction (SSI), fragi li ties, and probabi listi c risk
assessment (PRA). The following important meetings and workshops were held
during this period:

February 17-18, 1987 NRC/PGandE Horkshop on
Probabi listic Risk Assessment

April 29-30 and Hay 1, 1987 PGandE Consulting Board
Meeting

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

Hay 5-8, 1987

June 9-10, 1987

July 2-3, 1987

Hid-July, 1987

NRC/PGandE Horkshop on
Geology/Seismology/Geophysics

NRC Audit of SASSI

PGandE Consulting Board
Meeting

NRC/PGandE Horkshop on Ground
Motions

2. GEOLOGY/SEISMOLOGY/GEOPHYSICS

2.1 Geology and Geophysics

2. 1. 1 Field Geologic Studies — San Luis-Pismo Synform

Field geologic studies are nearing completion for the northwestern segment of
the San Luis-Pismo synform located between San Luis Obispo Creek and the coast
south of Morro Bay. The studies undertaken to date are to evaluate the
capability, geometry, and behavior of the Edna and San Higuelito faults and
associated deformation within and along the margi ns of the synform. These
studies have included: (1) bedrock geologic mapping to investigate the
lateral extent of the San Higuelito and Edna faults, plus trenching at key
localities on both faults; (2) preparation of structural cross sections
orthogonal to the regional structural grain to evaluate the subsurface
geometry and structural relationships between the San Luis-Pismo synform and
the Los Osos, Edna, and San Higueli to faults, and strands within the Hosgri
fault zone; (3) detailed mapping and drilling of marine terraces to evaluate
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the presence of late Pleistocene deformation; (4) detailed mapping of fluvial
terraces along San Luis Creek to evaluate the presence and rate of Holocene
deformation; (5) age-dating studies including amino-acid racemization, uranium
series, absolute and relative dating of invertebrate fossils, radiocarbon
dating of organic carbon, and soil stratigraphic studies.

2. 1.1.1 San Migueli to Fault

Twelve trenches and shallow test pits were excavated across the San Higuelito
fault in a variety of geologic settings at sites identified during the bedrock
mapping and Quaternary investigations. Three trenches at Bald Knob revealed
subhorizontal sli ckensides and mullions along the faulted Obispo-Pi smo (Squire
Member) contact and established that northwesterly trending reaches of the San
Higuelito fault are characterized by right lateral strike-slip movement.
Excavations at Hello's Roost showed that east-west trending reaches of this
fault have a significant reverse-slip component. Nhile Quaternary landslide
deposi ts near Hallagh Landing were not suitable for assessi'ng the fault's
capability; late Quaternary valley fill deposits exposed in three trenches at
the San Luis Bay Golf Course were shown to be unbroken by one or more strands
of the San Higueli to fault.

Additionally, the San Miguelito fault does not appear to displace marine
terraces in the Hallagh Landing area. A flight of eight terraces has been
mapped across the fault without showing detectable vertical separation. In
addition, shoreline angles of the stage 5e (120 Ka) and older three terraces
(>500 Ka) are not displaced laterally across the fault. The San Higuelito
fault has been postulated to extend to the northwest to the Pt. Buchon/Coon
Creek area. Marine terraces in this area are also not disrupted vertically or
laterally, indicating that the fault does not extend to the northwest as a
capable structure. The mapping, trenching, and marine terrace studies all
support the interpretation that the San Higuelito fault is not a capable
structure, that the total amount of net slip across it may be on the order of
a kilometer or less, and that its activity may have ceased in pre-middle
Pleistocene times when internal folding of the San Luis-Pismo synform was
replaced by more uniform uplift of the block.

2.1.1.2 Edna Fault

Bedrock mapping and trenching investigations are currently in progress along
several of the strands within the Irish Hills. The trenches reveal that
mapped strands of the Edna fault are typically tectonically disrupted
unconformable contacts involving sediments of middle Tertiary age deposited on
Franciscan rocks. Soil horizons developed across these contacts are not cut by
young faulting. Minor displacements within early to middle Pleistocene
alluvial/colluvial gravels in See Canyon along the southwestern margin of the
Edna fault zone and locally disrupted marine terrace deposits along the
projected trend of the Edna fault at Montana de Oro could be of either
landslide or tectonic origin. Apart from these small breaks in Quaternary
materials, there is at present no evidence that indicates the Edna fault is a
significant capable structure. Supporting evidence of noncapabi lity is
provided by Pleistocene fluvial strath terraces along San Luis Obispo Creek
whose long profi les show no obvious deflection across the trend of the Edna
fault.
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2.1.1.3 San Luis Bay Fault

The marine terrace sequence is disrupted at the mouth of San Luis Obispo Creek
by the San Luis Bay fault. Here the stage 5e (120 Ka) shoreline angle is
displaced vertically between 17 and 30 feet across the fault. Exposures of
the fault have been logged and surveyed. The fault consists of at least two
and possibly four strands with an approximate east-west trend and north 20 to
45 degree dip. Preliminary studies on the Harre property north of Point San
Luis suggest that the fault may extend offshore at one or both of two
locations, Pecho Creek and Deer Canyon. Studies are continuing to refine
location and extent and evaluate late Quaternary deformation along this fault.
2.1.1.4 Quaternary Studies

Quaternary mapping of mari ne terraces continued during the reporting period
with emphasis on the coastline extending from Morro Bay to DCPP. This work
is approximately 95K complete. In addition, mapping was initiated on the Harre
property and extending southward from DCPP around Point San Luis to Avila
Beach. This work is approximately 60K complete.

The elevated flight of marine terraces preserved between Horro Bay and Point
San Luis provides a series of late Pleistocene strain gauges from which to
evaluate late Quaternary deformation within and bordering the Pismo structural
block. Results to date indicate that the San Luis-Pismo synform is currently
acting as a rigid structural block. The block is experiencing a uniform
uplift rate of either 0.14 or 0.20 mm/yr at its northwestern margin.
Undeformed fluvial terraces along San Luis Obispo Creek also support the rigid
block model.

The Los Osos fault borders the northeastern flank of the Pismo structural
block and separates an area of uplift (0.14 or 0.20 mm/yr) from an area of
subsidence in Morro Bay (0.3 to 3 mm/yr). Based on displacement of marine
terraces, the Los Osos fault has a late Pleistocene slip rate somewhere in the
range between 0.3 to 1 mm/yr.

2.1.2 Field Geologic Studies — Pismo Beach to Nipomo Mesa

Field geologic studies were continued in the Pismo Beach and Nipomo Mesa
areas. These studies are being conducted to evaluate the lateral extent and
activity of the Hilmar Avenue and Pismo fault, and the Oceano monocline.
Studies have included: (1) regional and detailed bedrock and Quaternary
mapping; (2) subsurface exploration (drilling, trenching, seismic refraction);
(3) review of existing borehole data; and (4) age dating studies. These
studies are providing improved understanding of the deformation occurring
along the southwestern margin of the San Luis-Pismo synform and the tectonic
development of the Santa Maria Basin.

Preliminary results suggest that the Hi lmar Avenue fault extends to the
southeast as a poorly exposed zone of deformation at least as far as Ht.
Picacho. Detai led mapping, trenching, logging of natural exposures, drilling,
and seismic refraction surveying in a sand quarry and its surrounding area
south of Pismo Beach indicate that a zone of fault-generated folding and
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conjugate shearing exists along the projected trend of the fault. The
conjugate shears displace a late Quaternary marine stage 5e terrace,
indicating continuing late Quaternary deformation on the Wi lmar Avenue fault.
Studies on the northeastern margin of the Nipomo Mesa area indicate that one
to three preserved marine terraces may be offset by the Wilmar Avenue fault,
These may also provide stratigraphic datums for evaluating the existence,
location, and activity of the Oceano monocli ne and the postulated Santa Maria
River fault.

Marine terraces that cross the mapped trace of the Pismo fault are not
dislocated or deformed and establish that this fault is not capable.

2.1.3 Field Geologic Studies — Santa Lucia Range

A regional reconnaissance investigation of the major faults bounding and lying
within the Santa Lucia Range was undertaken in order to estimate rates,
geometries, and timing of neotectonic deformation. Faults investigated along
the southwestern margin of the range include the Palo Colorado fault at
Garrapata Creek, the Bixby Creek lineament, the Serra Hill fault at Hurricane
Point, and the Sur fault southeast of Pfeiffer Point. Within the range and
along its northeastern margin, faults inspected include the Reliz fault at
Arroyo Seco, the Rinconada fault between Santa Margarita and Jolon, and the
Bryson lineament near Bryson. The Sur fault has the strongest geomorphic
expression, indicative of recurrent activity, of any of the above mentioned
faults. Based on this field review, it was estimated that a slip rate of one
or two mi llimeters per year might be occurring on the Sur fault zone, but that
the rest of the faults and lineaments were either inactive or had slip rates
of less than 1 mm/year.

2. 1.4 Acquisition, Processing, and Interpretation of Geophysical Data

2.1.4.1 Interpretation of High-Resolution Seismic Data

During this reporting period, data from the PG&E-commissioned COMAP survey,
which includes common depth point (CDP) and analog records in the shallow
offshore region from Pismo Beach to near Cape San Martin, were received and
integrated with existing data sets. D-series maps (scale 1:24,000) 4, 5, 6,
7, and most of 8, which cover the coastal region from near Point Sal to Point
Piedras Blancas, have been used as bases for the following completed
interpretive products:

Limits of seafloor rock outcrop and isopach of post-Wisconsin ((18,000
years) unconsolidated sediments

Shallow structure trends, especially faults

Seafloor features including canyons, sags, slumps, ridges, and scarps

Contours on acoustic basement (sheets D4 and D5 only)
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Additional detailed work products derived from the interpretation of the
integrated high-resolution data sets include:

Bathymetric study (contour interval 2m), Pt. Buchon to Pt. San Luis

Seafloor scarp analysis, Pt. Buchon to Pt. San Luis

~ Detailed map of the San Simeon fault — Hosgri fault step over

~ Hap showing magnetic anomaly patterns, Estero Bay to Pt. San Simeon

~ Analysis of structural and magnetic trends within San Luis Obispo Bay

An important element in the development of the high-resolution seismic
products listed above has been vertical integration of the new surface
structural trends with structure trends determined by analysis of the 2- to
5-second seismic reflection data and horizontal integration with the
onshore mapping and trenching programs. Interpretation of the high-resolution
data set is now approximately 70K complete.

2.1.4.2 2- to 5-Second Seismic Program

Interpretation of the LTSP 2- to 5-second suite of CDP seismic data continued
with extension of mapping northward to the latitude of Cape San Martin
(sheet D8) and southward to Point Arguello (sheet Dl). Primary emphasis was
placed on completing detailed horizon contour maps on top Hiocene and top
Si squoc unconformi

ties�

. The top Monterey formation horizon map as well as 501.
of a basement contour map were also completed during this reporting period.

Considerable effort was expended during this period in coordinating the
interpretation of the aforementioned horizon maps with high-resolution
structural trend and horizon contour maps. Comparison of the 2- to 5-second
CDP maps with maps generated from high-resolution seismic data has
significantly refined the interpretation derived from both sources of data.

2.1.4.3 Processing and Reprocessing of Marine Seismic Data

Processing and reprocessing of GSI 80, Nekton, Hestern, and Comap data sets
continued through the reporting 'period. Hork on the GSI and Hestern data sets
was completed in March; however, processing on Nekton and Comap data is still
continuing.

2.1.4.4 Offshore Geologic Cross Sections and Hell Analysis

Subsurface analysis continued with the completion of four cross sections
traversing the eastern margin of the offshore Santa Maria Basin along the
reach from Point Sal south to Point Arguello. Analysis of the sections has
suggested that compressional tectonics within the basin peaked in intensity in
late Miocene and early Pliocene time.
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2.2 Central Coast Seismic Network

The five-station network continued in operation during the reporting period.
No local earthquakes were located within the area covered by the network,
continui ng the pattern of low seismic activity since the network operation
began in Duly 1986.

The computer-based recording center instrumentation was received and installed
during the period April 23-29, 1987. Delays in receiving field
instrumentation from the manufacturer have required postponement of
installation until the next reporting period.

3. GROUND NOTIONS

3.1 Empirical Ground Motion Investigations

A data base consisting of ground motion records obtained at rock or rocklike
sites representing earthquakes in the magnitude range 4.7 to 7.4 has been
established to obtain refined attenuation relationships for peak ground
acceleration (PGA) and response spectral acceleration (SA). The data base
contains approximately 160 records in the source-to-site distance range of 1

to 300 km, with the majority from distances less than 100 km. Each record has
two horizontal components and one vertical component. In addition, peak
ground velocity (PGV) and response spectral acceleration values are available
for approximately 70 of these 160 records in the distance range 1 to 50 km.
All earthquakes represented in this data base are shallow-focus crustal
earthquakes, and several represent recent events.

The attenuation relationships for PGA are derived by applying a two-step
regression procedure to the data base. First, single-parameter (distance)
regression analyses are performed for narrow magnitude bands. Second,
multiple-parameter (distance and magnitude) regression analyses are performed
for all magnitude ranges.

The attenuation relationships for SA are derived by applying a three-step
procedure to the data base. First, attenuation relationships are developed
for PGA. Second, attenuation relationships are developed for the spectral
amplification factor, SA/PGA. Finally, attenuation relationships are
developed for the absolute spectral acceleration, SA, by combining the results
of steps 1 and 2.

Preliminary results from these regression analyses include attenuation
relationships for horizontal PGA and for 5L damped horizontal SA over the
frequency range 0.5 to 25 Hz. Sensitivities of PGA and SA to faulting types
were assessed by performing separate regression analyses on two subsets of
data consisting of reverse/thrust earthquakes and strike-slip/normal
earthquakes.

Preliminary analyses of the effect of damping on SA and on the relation
between the vertical and horizontal PGA and SA were also made in this
reporting period. These results were used to develop acceleration response
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spectra for the SSI analysis. In addition, the suite of realistic empirical
acceleration time histories for the fragility analysis was further enriched by
the addition of the Site 1 record of the 1985 Nahanni, Canada, earthquake.

3.2 Numerical Modeling Program

A total of 120 sets of three-component acceleration time histories for
earthquakes of moment magnitude 7.0 with various combinations of fault type,
rupture mode, and asperity location were generated by the semi-empirical
simulation procedure. Key ground motion parameters of these simulated time
histories, including PGA, PGV, and SA, were assessed. The results indicate
that this simulation procedure provides an efficient means of generating a
large number of realistic near-field acceleration time hi stori es to be used in
analyzing the sensitivity of ground motion characteristics on earthquake
source properties.

3.3 Strong Motion Instrumentation

A small earthquake of local magnitude 5.0 was recorded by the Supplementary
Seismic Monitoring System at the DCPP site on February 14, 1987. The
earthquake was located west of Coali nga, about 75 miles from 'the DCPP site.
The recorded free-field PGA was 0.0012 g.

Ten additional free-field solid-state digital accelerographs were installed at
the DCPP site in late March and early April. Nine of these are deployed in
the immediate vicinity of the plant. The tenth instrument is located at the
site overlook. Combining data from these ten new instruments with the three
existing free-field instruments should prove valuable in assessing the
topographic effects and spatial incoherence of earthquake ground motions at
the DCPP site.

4. SEISMIC HAZARDS ANALYSIS

Updating of logic trees to incorporate recent G/S/G data and interpretation is
scheduled for the next reporting period.

5. SOIL-STRUCTURE INTERACTION

5.1 Development of Building Models

The final configurations of 3-D SSI models of containment and turbine building
structures have been developed. Following completion of the parametric study
for assessing the basemat flexibilityeffect for the auxiliary building, the
effort was directed toward finalizing coupling of the 3-D stick model of the
building to the SASSI finite element foundation model. Comparisons between
responses of this model and the fully flexible finite element model have been
made in both the N-S and E-H directions. The results show reasonable
agreement.

5.2 Parametric Studies

Parametric studies were performed to examine the effects of basemat
flexibilityon SSI response in the auxiliary building structure. Conclusions
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derived from other parametric studies, including consistency of results from
CLASSI and SASSI analyses, effects of foundation embedment,
structure-to-'structure interaction, and effect of nonverticality of seismic
waves, were discussed in Quarterly Progress Report No. 6.

5.3 Development of Other. Methodologies

5.3.1 Ground Motion Incoherency

Development of the computer program modules necessary for analyses of SSI
effects due to incoherent ground motion input was started. This development
includes: (1) a preprocessor for calculating the covariance matrix of the
incoherent ground motions, (2) a preprocessor for calculating the driving
force vector, (3) a preprocessor to extract the structural transfer function
matrix from CLASSI, and (4) a modification to the PROSPEC program to include a
general 6x6 ground motion power spectral density input.

5.3.2 Containment Uplift

The analytical procedure has been developed for SSI response analysis
considering basemat uplifting including embedment impedances. The computer
program UPLIFT, which is applicable to surface-supported structures, is being
modified to incorporate the embedment effect.

6, FRAGILITIES

In the NRC/PGandE Horkshop held in Bethesda, Maryland, on February 17 and
18, 1987, the procedures and methodologies of seismic fragility evaluation
followed in Phase IIIA studi es were discussed. Specifically, the studies
performed to justify the validity of the separation of variables approach and
the nonlinear fragility analysis of turbine building were reviewed.

A report entitled "Methods and Procedures for the Phase IIIA Seismic
Fragi li ties of the Structures and Components at the Diablo Canyon Power Plant"
was developed for submittal to the NRC Staff and its consultants for review.
This report will be submitted during Hay.

7. PROBABILISTIC RISK- ASSESSMENT

During Phase IIIA, emphasis is placed on refining and completing systems
analysis, verifying system success criteria, completing plant models for
various initiating events, and performing preliminary seismic analyses to
guide the fragility analysis and the relay chatter and recovery analysis . All
the internal and external initiating events are being analyzed during this
period. A total of five support systems and ten frontline systems are being
completed and reviewed for system and modeling accuracy. A total of six event
sequence diagrams, two support systems event trees, five frontline event
trees, and a seismic early event tree will be completed and will have been
reviewed along with descriptive material for accuracy.

A human actions and recovery analysis is performed for use in the
quantification process. It included monitoring of simulator activities,
evaluation of .performance shaping factors, and incorporation of operator
action into the models.
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PA.CIFIC GA.S A.ND ZLZCTRlC COMPS.NT
P '&~LE ~ 77 BEALE STREET ~ SAN FRANCISCO, CALIFORNIA94106 ~ (415)781 4211 i TWX 910 372 6587

JAMSS D. SHIPPER
VICf PRfSIDfNT

NVCIfARIOWfR OfNfRATION

June 9, 1987

PGandE Letter No.: DCL-87-130

U. S. Nuclear Regulatory Commission
Attn: Document Control Desk (RIDS Code D031)
Washington, D.C. 20555

Re: Docket No. 50-275, OL-DPR-80
Docket No. 50-323, OL-DPR-82
Diablo Canyon Units 1 and 2
Long Term Seismic Program — Quarterly Progress Report No. 7

Gentlemen:

In compliance with License Condition 2.C.(7) of Facility Operating License
DPR-80, enclosed is the Long Term Seismic Program Quarterly Progress Report
No. 7 for work performed from February 1 through April 30, 1987. Copies of
the progress report are also being forwarded to NRC Staff consultants and to
the ACRS Staff.

Kindly acknowledge receipt of this material on the enclosed copy of this
letter and return it in the enclosed addressed envelope.

Sincerely,

Enclosure

cc: L. J. Chandler
E. G. Igne, ACRS (25)
J. B. Hartin
H. H. Hendonca
P. P. Narbut
B. Norton
CPUC
Diablo Distribution
LTSP Internal Distribution
LTSP External Distribution (attached)
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