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ERRATA SHEET

Figure 5-1, Legend
Calaveras is mis-spelled twice as "Calavaras”.
Figures 5-3 and 5-4,

ordinate scale should be labelled
r Kilometers

p. 5-5, Table 5-2,
N° for Northern Calaveras should be 0.012, not 0.009.

p. 5-9, 4th paragraph, first two lines should read,

Our estimate of the seismic risk represents the weighted results
from five classes of calculations consisting of fourteen individual
calculations. These calculations represent a base case and our
perturtations about this base case.

p. 5-11, first line should read,

Finally, we account for uncertainty in the background seismicity

by considering it 70 percent probable that the rate will be the

rate derived from the data, and that it is again 15 percent probable
that the rate will be four-thirds or two-thirds, respectively.
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10 INTRODUCTION AND SUMMARY

In this report, TERA Corporction presents the first of a two-part study
addressing the seismic risk of the special nuclear materials (SNM) facilitv of the
General Electric Nuclear Centsr at Pleasanton, Californic. This report presents
the results of a seismic risk analysis that focuses on all passible sources of
seismic activity, with the exception of the postulated Verone Fault. The second
report, currently under preparation, will oddress the risk from this particular
structure.

This project was directed by Don Sernreuter of the Nuclear Test Engineering
Division at the Lawrence Livermore Laboratory. At TERA, the effort was
manoged by Lawrence Wight,

This report is one part of a larger effort being directed by the U.o. Nuclear
Reguigtory Commission. The NRC's objective in commissioning the overal!
report is to assess and improve, to the extent practicable, the ability of this
focility ‘o withstand adverse natural phenomena without loss of capocity. This
report focuses on earthquakes; the other natural hazards, being addressed in
separate reports, are severe weather (strong winds and tarnados) and floods. The
overall analysis will provide an assessmen! of the consequences of an accident
resuiting from any of these natural phenomena. The assessment will express ¢
quantitative probabilistic measure of the potential structurcl damoge ana the
reiease function. It will also provide a probabilistic estimate of the resuiting
dose of radiocactivity to the public.

To ensure credibie results, very sophisticated but well-occepted techniques were
empioyed in this component of the project, an anciysis of the seismic risk. The
calcuiational method we used, which is based on Cornell's work (! 968), has been
previously cpplied to safety evailuations of major projects.

The historical seismic record was established after g review of available litera-
turs, consultation with operators of iocal seismic arrays and examingtion of
appropriate seismic dota bases including the USGS, University of Californic end
NEIS data bases.
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The resulting seismic record, covering the period 1769-1977, was used to identify
all pessible sources of seismicity that could cffect the site. Incdequocies and
incompleteness in this record were explicitly considered in this definition of
source regions and their activity rates. Where there were uncertainties, we
assigned subjective probabilities to the span of uncertainty.

The acceleration attenuation relation used in the analysis was deveioped based on
a complete re-evaluation of all relevant strong motion date, with particular
attention directed to the near-field environment,

To guarantee use of the best availcbie calculational methods and input, the
entire project was reviewed by two eminent se.smologists with particular exper-
tise in the local and regional seismology and tectonic setting:

Professor Thomas V. McEvilly,
University of California

Professor Stewart W. Smith,
University of Washington

The resuits of our analysis, which include estimcates of the uncertainty, are
presented in Figure |-|. Our bast estimate curve indicates that the Vallecitos
facility will experience 30 percent g with a return period of roughly |30 years
and 60 percent g with a return period of roughly 700 years. The curves on either
side of our best estimate represant roughly the one standard deviction confidence
limits about this best estimate.

These curves provide the seismic design basis for the Vallecitos focility in terms
of peak ground acceleration. For those structures and equipment that cowid
experience structural amplification, we recommend scaling the mean (50
percentiie) alluvium response spectrum contained in WASH 255 to the desired
peak acceleration in Figure |-, The uncertainty in these spectral accelerations
can be derived using a lognormal distribution of ccceleration about the 50
percentile acceleration.

-
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20 SEISMIC RISK METHODOLOGY

A seismic risk analysis is only s credible as the risk analysis methodology and
the input to it. This section presents the basis for our selection of o probebilistic
Poisson mode! for the rick assessment at the Vallecitos facility.,

There are generaily two distinctly different approaches to seismic risk analysis;
probabilistic and deterministic.

Using the deterministic approach, the anclyst judgmentally decides that an
earthquake of a given magnitude or intensity occurs at a specific location. He
then attenuctes the ground motion from the earthquake source to the site and
determines the effects of that quake. The probiem in using this coprooch is that
it i= Ai¥ficult to define the margin of safety or the degree of conservatism in the
resul ting design parameters. Analysts are often asked to provide informction on
the "maximum passible” or "mast probable” earthquakes for design purpcses, but
the deterministic approach does not easily provide those answers.

The probabilistic appreach, on the other hand, quantifies the uncertainty in the
number, size, and location of possibie future earthquakes and aliows an analyst to
present the trade-off between more costly designs or retrofits and the economic
or sccial impact of ¢ failure. Because the product of a probabilistic uwpprooeh is
@ measure of the seismic risk expressed in terms of return period, this trade-off
ean easily be quontified.

Although the probabilistic cpproach requires significantly more effart than the
deterministic approach, it has the following advantoges:

- It quantifies the risk in terms of return period

w It - gorously incorporates the compiete historical seismic
record

2-1 %

TERA CORPORATION



. It con incorporate the judgment and experience of the
analyst

. It accounts for incomplete knowiedge regarding the loco-
tion of foults

«© It has the flexibility to assess the risk at the site in terms

of spectral acceleration, velocity, displocement, or earth-
auake intensity. -

The credibility of the probabilistic approoch has been established through de-
tailed technical review of its application to several importont projects anc areds.
Recent wolications include assessments of the seismic risk in Boston (Cormc!l,
1974), in the San Francisco Bay Area (Vagliente, 1973), in the Puget Sound Areg
(Stepp, 1974) and continental United Stc*es (Algermissen and Perkins, 1976).
Resuits of these studies have been appiied to, among other crecs:

. Deveiopment of long-range ecrthauake engineering re-
search goals
k3 Planning decisions for urben development

B Environmental hazards associated with the milling of
yranium and
- Design considerations for radiococtive waste repositories.

This diversity of application demonstrates the inherent flexibility of the risk
assessment gpprooch.

THEORY

The risk calculations can be fundamentaily represented by the to'al probability
theoresm

P [A] ,ffp [A/mandr] £ (m) fa(r) dmdr
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where P indicates probability, A is the event whose probability is sought, and M
and R are continuous, independeni random variables which influence A. The
probability that A will occur con be calcuicted by muitiplying the conditional
probability of A, given events m and r, times the probabilities of maond r, and
integrating over all possible valuves of m and r,

In our assessment of the Vallecitos facility, A will be taken as maximum
acceleration and therefore

P[A/maondr]

will be derived from date relating peck occeleration to epicentral distence ond
earthquake magnitude. Often known as attenuation data, these dote cre usually
lognermally distributed around a mecn reiationship of the form (McGuire, | 577a).

CM
AsCoe? (R.rc,)C3

The distribution on earthquake magnitude, fM(m), con recdily be deriveg from an
actual or pestuiated frequency relationship of the form

log N = o=DM
where N is the number of earthquakes having magnitude greater than M, anc
a and b are constants charocteristic of the particular source region under Con-
sideration. It follows (Cornell, (968) that f,, can be derived from the cumuiative
distribution function, FM, which has the form,

Foye ke ™

where k is ¢ normalizing constant and 2 = biniQ.
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TERA CORPORANON



The distribution on distance, fn(r), depends on the geometry of the problem
under consideration. For simple geometries, the distributions =an often be
integrated analytically. Realistic geometries however, require numerical evai-
vation of the integral. A very versatile computer program has been developed
(McGuire, 1976b) that incorporates the theory presented above with o numerical
integration scheme that allows for evaluation of very complex source-site
geometries.

Since the attenuation relation used in this analysis relates peak acceleration to
distance from the nearest point of energy release, this program was modified to
include g rupture mcdel. The model, which is appropriate only for line sources
and earthquakes that resuit in significant surfoce rupture (M = 5.5), assumes that
an epicenter location is midway on the fault rupture length and that the rupture
length is reiated to nagnitude through the Mark cnd Bonilla relctionship. Given
a line sc'rce of seimicity and an epicentral location of an eorthquake in that
source, the model cclculates the distance to the necrest point of energy relecse.

The overall approoch to performing seismic risk assessment by this theory is
summarized below. “irst, the historical earthquake record and local attenuation
datc are combined with the experience of the analyst to produce the functional
reiationships applicat le to the area under consideration. The source regions are
divided into circulor sectors and proportionc! seismicity is allocated to each
sector. 1he total exjected number of events causing maximum acceierations ot
the site greater than a particular test acceleration is cbtained by summing the
events from eact sector within each source region. The risk associated with this
test acceleration is then caicuigted using h.2 conventioncl assumption that
earthquakes have a Poisson distribution in time, [t then foilows 'hat the returmn
period is simply the reciprocal of the risk.

in recognition of the uncertainties in any seisire!sgical analyvis, we test the
sensitivity of results to variations, corresponding to the uncertainty, in key
parameters. The results are then combined by assigning subjective probabilities
to the renge of varigtions and weighting the results accordingly.

2-4
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1.0 REGIONAL GEOLOGY

The General Electric Company Vallecitos Nuclear Center is located in the Sen
Francisco Bay Reyion which is bounded by mountain ranges of the Coast Range
Geomorphic Province. The area is within the Diabio Rance, approximately 30
miles southeast of the City of Oakland.

The site siopes gently to the south. Deformed older sedimentary materials
consisting of aliuvial deposits of gravel, sand, silt, and clay undericy the study
arec. These deposits inciude the Livermore graoveis.

REGIONAL OVERVIEW

Regional Physiography

Regionally, the study arecg, Figure 3-1, is situated within the Diablo Range of the
California Coast Ranges. The area constitutes the northern part of the foided
and foulted Mesozoic and Tertiary sediments of the Diablo Range. The areg has
several northwest trending ridges separated by vaileys, largely bounded by faults.

The arec is now in an advanced stage in geomorphic development. =owever, this
deveiopment is not uniform and is complicated by structural irreguiarities. The
present landscope has ciso inherited many ercsional features develcpec during
eariier cycies of erosion.

Meadward growth of stream valieys and canyon cutting are now the dominent
processes, forming steep and narrow gullies. Most of the ridges are between
1,500 end 3,000 feet high. The fiat-topped crests of many of the ridges may
represent remnants of o once extensive, gently unduiating erosion surface. Most
streams flow north or south, the notable exception being Alomedae Creek, which
flows west through Niles Canyon.

i %

TERA CORPORATION



2

M

| -ox..‘,

e
FIGURE 3-1
TOPOGRAPHY OF THE
SITE VICINITY

-
T

|
_“m. i
» [
u:;_m I
_._._ _m
‘--.— .
gul __
___m_._“_
n——._—_::.

/"'

TERA CORPORATICN



The geomorphic history is complex, sach fault-bounded block ¢ distinet unit with
¢ history differing in part from that of the adjoining blocks. Resistant
formations form crests and add ruggedness to the mountains. These fegtures are
subordinate to the larger forms such as ranges and valleys, upland surfoces, and
basins. The prominent oid land surfaces indicate that many of the mountains in
the western and southern parts cf the area have been elevated twice within
relatively recent geciogic time. The thick section of Livermore gravels suggests
that the magnitude of these uplifts is lcrge.

Old lend surfoces may be recognized throughout the area by the recrly accordent
summits and nearly level ridge surfoces. The naome Ock Ridge surfoce was
applied by Crittenden (195!) to the old land surface extending from Ock Ridge in
the San Jose quadrangie northward into the Pleasanton arec aiong Vaipe Ridge
and Moguire Peaks to Vallecitos Valley. Across this surfoce much of the
Livermore grovels were transported. Ancther surfoce, or a part of the Oak
Ridge surface, is east and north of Mission Peak at the |,200-foot level.

North of La Costa Valley an ercsional surfoce is gt the 750-foot level on the
south side of the Verona fault and at the |,100- or 1,200-foot leve; north of the
fault. Nerth of the town of Livermore rearly all the hills have been eroded to an
aporoximate 680-foot elevation indicating still another old lang surfoce.

The general drainage pattern of the area is dendritic with larger streams parcliel
to the main structural trends. Meadward growth of stream valleys with little
lateral cutting is now taking plcce.

The major topographic features are as follows: (|) the strike ridges called Wal-
pert, Sunol, and Pleasanton ridges underiain by Cretaceous rocks; (2) Divide
Ridge (or "The Knife™ consisting of Miocene rocks and separating part of
Alamede County from Contre Costa County; (3) Mission Peak, whizh is separated
from the strike ridges by Niles Canyon; (4) Sunol and Amador valleys, paralleling
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the Calaveras-Sunol foult; (5) Livermore Valley, a broad structural depression
w ich crosses the Mount Diablo Range diagonally; (6) Maguire Peaks-Vaipe
RiJjge-Wauhab Ridge creg, the highest part of the region, with elsvctions as high
as 3,109 feet; and (7) the snwll valleys of La Costa, Vallecites, end a part of the
Arroyo del Valle (Mall, 1958).

Regional |

During the Jurassic, this arec was apparently part of @ siowly sinking geosyncline
in which several thousand feet of sandstone, shale and minor amounts of con-
glomerate were accumulated. Following uplift and erosion, deposition of Crete-
ceous sediments occurred. From the close of the Cretoceous to Late Eocene,
land areas may hove persisted in the arec.

Warping, tilting and erosion must have occurred between the Olig ene and
Middle Miocene followed by deposition of the Pliocene Orinde Formction (Mell,
1958). After deposition of the Orinde Formation, the Middle and Late Pliocene
were marked Dy intense folding and faulting that destroyed the Pliocene basins
and resulted in tight or overturned folds. Faulting, erosion and alluvigtion con-
tinve to the present and uplift in the Quaternary has coused several levels of
terraces to form along some of the prominent streams (~ell, 1958).

Regional Stratigraphy

The sedimentary rocks in the area range in age from Jurassic to Recent. The
Cretacecus rocks consist of the Lower Cretaceous Ockiend conglomerate con-
formadbly overicin by shale and siltstone beds of the Lower Cretaceous Niles
Canyon formation. The youngest Cretaceous rocks are the Del Vaile formation
of Late Cretaceous age (Hall, 1958).

33 %
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The oldest Tertiary rocks in this arec are the Socene Toiman formation. The
younger Tertiary formations, which are more extensive, are the fobrante sand-
stone, Claremont shale, and Oursan sandstone of Middle Miocene age and the
Tice shale and Hambre sondstone of lower Upper Miocene age. The Sriones,
Cierbe, and Neroly sandstones are upper Upper Miocene. The Orinda formation,
Livermore gravels, and Irvirgton gravels are Pliocene and Pleistocene in age.

Regiongl Structure

The most intensive faulting and fc ling occurred sometime between the Pliocene
and Late Pleistocene. Recent movement along the Hayward foult is shown by 3
variety of rift features. The maijor foults within the arec are the Calgvercs-
Suncl and Hayward, both of which are right |ateral fouits.

The areg is here divided into three structural blocks that will be designated the
Bay, Sunol, and Livermore-La Coste. The Bay block is in the wastern part of the
arec and is separgted from the Sunol block by the Hayward foult, The Sunel
block is in the cmm;I part of the areg and is separated from the Livermore-La
Costa block to the ecst by the Calaveras-Sunol fault. Each of these blocks
contains several foids and faults with g preveailing northwest trenc. Most of the
folds within this arec commonly make an angle of 15° to 20° with the trends of
the faults, except in the Divide Ridge areg whers the angle between the axes of
the folds and the Calaveras foult is 40°. All the folds invoive Tertiary as well as
older rocks.

Generally the folds are flexural-siip structures with trends of approximately 30°
to 50° west of north. The axial planes of the overturned folds dip to the
northeast. Maost of the foiding took place after the Pliocene Orinda formation
was depesited and before the deposition of the Plio-Pleistocene Livermore
gravels. The foids are commonly truncared by faults (=eil, 1953).

The major faults in the arec commonly show post-Miocene strika-slip dispiace=
ment of large megnitude. Possibie pre-Miocene foulting was of the normal or
high=angle reverse type (™all, 1958).

. %
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The strike-slip foults in the area probably developed in response to north-south
maximum compressive stress. These faults are commonly charocterized by an
clignment of valleys and by transverse or tributary streams that are actively
agapting to continued horizontal movement,

Falding and faulting in the area range from pre-Miocene to Recent. The foiding
is comsigerad to be older than, or in part contemporaneous with, the faulting.
The pavrern of stresses has varied, as the strike of the beds roughly paraliels the
trend of the faults, yet the iatter are not thrusts, which would suggest con-
temporanea.s *aluing and foulting. The principal time of regional deformation is
believed to "owe baen pest-Orinda, possibly Early Pleistocene. Evidence that
much of the faul*'rg occurred after folding is shown by the axes of folds that are
offset by the smalier cross faults.

Regional Ground Water

The Vailecitos Nuclear Centsr 'ias ' | the Vallecitos ground water subbasin, which
is one of the three subdivisio s of the Sunol Valley ground water basin
(Department of Water Resources, (973). Both water-bearing and nonwcter-
bearing geclogic formations occur wi*nin *he Sumol and Vailecitas Valley areas.
In the Vailecites Vailey, water-becr ng 3iavigl depesits comprise the valley
floor, and the Livermore Formation, wh.2r s axposed in the adjocent uplends,
underlies the valliey alluvium. Nonwater-zeuring rocks occur on all sides of the
valiey and underiie the vailey floor.

Unconsolidated deposits of upper Pleistocene to “acant 2ge are grouped together
as the Quaternary alluvium which consists of siree™ and loke depesited
sediments including various mixtures of gravel, sanc, si't @ clay (Department
of Waoter Resources, 1966). Available well log evidence, *he small size of the
Vallecitos ground water subbasin, and the known presence f ‘he Livermore
Formation underiying the valley all suggest that the alluviur doss not exceed
100 feet in thickness.



The Livermore Formation is of Pliocene-Pleistocene oge and consists of massive
beds of rounded gravel cemented by an iron-rich sandy clay matrix. Sediments of
this formation are divided intc two facies; a clay focies found only in Livermore
Valley, and @ more predominant grovel focies. The grovel focies are more
typical of the Livermore Formation which is found ot depths ranging from o few
tens of feet to over 400 feet.

Nenwater-pearing rocks of Jurassic-Cretoceous age exist under Vailecitos Valley.
These rocks consist of hardened marine sardstone, shale and conglomerate,
associcted with smaller amounts of greenstone, chert and serpentine. Where
sufficiently froctured, jointed or bedded, these rocks may yield minor quantities
of water that is of poor quality and probably unsuitable for mest beneficial uses.

SITE GEOLOGY

The General Electric Vallecitos Nuclear Center i, located near Pleasmnton in
Alameda County, Califomia. This site has an approximate area of |,534 ocres
and is situcted on the north side of Vaollecitos Vailey. The geographical coordi-
nates of the property are 37°37'N and 121°50' W with elevations in the building
arec from 420 to 500 feet above sec level. All the structures and focilities on
the site are located in the southwest corner of the property,

Topography

The Vallecitos Valley is o small westerly draining valley that lies on the western
siope of the Diubio Range at its northemn end. The floor of the valiey is approxi-
mately three fo four miles in length and @ mile wide. It is separated from the
iarger Livermere Vailey to the north by a range of hills with elevations of |,000
to 1,300 feet. The site is located on the northern side of the vailey near its
western end. The elevations in the portion of the site occupied by the Centar
range from 420 to about 600 feet cbove sec level. This inmer site arec includes



the wvarious buildings, !aboratories, GETR, and has a general siope downward
foward the southwest., Above the 500-foot contour line, the terrain changes to
steeper, rolling hills ad canyons, which characterize the fopography of the
larger unoccupied north and northeast partions of the site.

Strotigraphy

The Vallecitos Valley, in which the center is located, is blanketed by alluvial
deposits of material washed down from the surrounding hills. This alluvium
consists of sandy and ciayey soils with varying amounts of gravel end rock frog-
ments (Dames and Moore, 1955). The low hills surrounding the valley consist of
Livermore gravels, which genercily have g low dip to the ecst or north. The
gravei formation is covered by recent alluvium of the Livermore Valley about
four miies north of the site and overiaps Tertiary and oider rocks, which crop out
about two miles south of the site. The total soil thickness at the site is probadbly
several hundred feet,

The Livermore grovels consist of rounded clasts of Franciscon debris in @ brown
or buff sandstone matrix. Sand, clayey sand, and cloy are present and appear to
be more abundant in the lower part of the formation. The gravels are flat lying
or very low dipping and rest with anguiar unconformity upon oider rocks. A tuff
bed near the base of the formation is estimated to be of Plio-Pleistocene oge,
approximately 4.5 million yecrs oid.

Scils within the property boundaries of the General Electric Nuclear Center are
representative of severcl soil associations that occur on terraces, ailuvial fans
and wpiands throughout Sunol, Amador and Livermore Vaileys (USDA SCS, 1964).
Soils of the hilis fo the north and northeast of the nuclear facilities are generaily
of the Diablo soil series. These soils have considerabie siope and are not suitcbie
for mest methods of irrigation.
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Five soil series are represented within the selected area of less than 30 percent
slope with a combined acreage of approximately 434 acres. Generally, the soils
are shallow or fine-grained, characterized by slowly permeable subsoils, and are
subject to severe erosion if they are cultivated and not protected. Major uses for
these soils throughout Alamede County include pasture, range, dry-farmed grain
and grain hay.

Structure

The Vallecitos Nuclear Center is surrounded by three ecrthquake faults, Cale-
veras, Verona and the Las Positas Fouit (Herd, 1977). The Calaveras Fauit is ¢
major structural feature of this part of Cglifornia (Department of Water
Resources, 1974). In the immediate arec this fault extends along the entire
western side of Livermore Valley and southerly along the west side of the canyon
formed by Arroyo de la Loguna to Sunol Valley. The existence, capability and
location of the Veronc and Las Positas Faults are currently quite controversicl
(General Electric Company, 1977) but the seismic risk assessment described in
the following sections explicitly addresses such uncertainties. For this particuler
situation, we account for the uncertainty by including a background seismicity
representing earthquckes that con occur anywhere in the region on either
undiscovered faults or those faults whose capability is questioncble. We have not
addressed in our risk analysis the hazard associcted with surface rupture through
the facility. Based on the results of detailed site investigations, the probability
of this presently appecrs to be very remote.

Grouncd Water

The Vallecitos Nuclear Center is located withis the Vallecitos subbasin of the
Sunol Valley ground water basin. The five major streams entering Livermore
Valley are Arroyo las Positas, Arroye Moche, Arroyo Valle, Alame Creek anc
Tassajora Creek (Department of Water Resources, 1974). The Arroye de la
Laguna, the only surface strecm flowing from the Livermcre basin, droins the
Livermore-Amador Valley and empties into Alameda Creek. Alcmedc Creek
flows westward through Niles Canyon and empties into San Francisco Bay. The
Vallecites ground water subbasin is @ reictively unimportant source of ground
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water being used primarily for stock watering and secondacrily for domestic
supply for o few ranches.

Surface Water. Vallecitos Creek, which drains Vallecitos Valley, is an inter-
mittent stream which rises in the eastern portion of the Vallecitos ground water
subbasin and flows in a generally northeast-southwest direction to enter Arroyo
de la Loguna just above its con‘luence with Alamede Creek. The discharge from
the Vaollecitos Nuclear Center enters Valiecitos Creek about two miles above the
confluence with Arroyo de la Loguna. Vallecitos Creek flows primarily curing
the winter but due to ground water ssepcge there may be continuing flow
throughout the year (General Electric Company, 1975).

Water from the South Bay Agueduct of the State Water Project is provided fo
Zone 7 of the Alameda Flood Control and Water Conservation District and to the
Alameda County Water District (ACWD) via the surfoce streams within the
Livermore Valley. At those times when only the ACWD is taking water, ¢ more
direct route of water transportation is provided to the District through the
utilization of Vallecitos Creek. However, this |atter reiease is both intermittent
and dependent upon varying conditions not readily predictable (General Electric
Company, 1975).

Ground water. Ground water in the Vallecitos subbasin is present under both
confined and unconfined conditions. Althcugh the Livermore Formation is one of
the principal water-bearing formations in the Liverrore Valiey, it cssumes far
less importance in Vallecitos Valley whers the sediments are considered
unproductive. As of 1950, only six wells were present in the subbasin and these
were ail low producing wells.

Four well logs are avaiicble from the Vailecitos subbasin (Department of Water
Resources, 1974). These logs indicate that ground water is contained in zZones of
sancdy ciay and cemented gravels of the Livermore Formation. Depth to water at
three of the wells ranged from 48 to 7! feet. Within the Nuclear Center, depth
to water in the vicinity of Suilding 102 has been cbserved at § to |9 feet below
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the surface, but borings 800 feet directly south of this location show nc water.
At the site of the sewoge tregtment piant, seepaoge was cbserved in an
excavation at o depth of about 10 to |5 feet below the surfoce (General Slectric
Company, 1975).

The thinness of the alluvium contributes to its reigtive unimportance as ¢ ground
water source in the Vallecitos subbasin. Recharge to the subbasin occurs by
infiltration of surfoce water draining from the rolling terrain along Vallecites
Creek and its tributaries.

The combined potentiometric sicpe of the ground wcter roughly foliows the
ground surfoce as it siopes toward the center of Vallecitos Valley (Department of
Weter Resources, 1974), From this point, sicpe is westward toward the lower end
of the subbasin. The west side of the subbasin is delinegted by the Maguire Peaks
Fault which seperates the Vailecitos and Sunol subbasins. Due to the
impermeability of this fault zone, there is probably little outflow from the
Vallecitos subbasin into the Suncl subbasin., |t may be possible, however, that
during its southwestern movement ground water may surface in the lower end of
Vallecitos Creek. Similarly, subsurface inflow of ground water from other
directions into the Vallecitos subbasin aiso is considered to be negligible due to
the nature of the subbasin boundaries.

Recent data on the chemical quality of ground water in the Vallecitos subbasin
were not available. Past data for four wells within the subbasin for the years
1957-59 were cbtained and as shown by the datg, ground water guality at that
‘ime ronged from a caicium dicarbonate and magnesium dicarbonate te @ sodium
chioride water (Brown and Caldwell, 1977). Generally, the results do not show
any sicnificant changes in ground water quality over the past 20 years.

Perched ground water was encountered between depths of 24.5 and 25.5 feet. A
deeper ground water table was encountered at a depth of 46 feet (pousibly a
perched water table alsc). During c previous investigation, ground water was
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measured at depths of cbout 23 feet, again, this probably corresponded to the
perched ground water level. It shouid be noted that all of the borings done for
this study (Kaldveer et al., 1976) were backfilled within an hour after drilling
which mcy not have allowed the ground water to raach an equilibrium level.
Also, it must be noted mat fluctuations in the ground water level may occur due
to varigtions in the rainfall and other factors.

GEOLOGIC HAZARDS

Although this report ~mphasizes the seismologic hazards at the site, we aiso
consider associated geoiogic hazards that could occur during an earthquake. The
analysis of these less direct but nevertheless significant hazards is based on an
extensive litergture search, several site visits and discussions with experts.

One of the most damaging phenomena associcted with earthquake:. is surfoce
displacement. The displocement can be either faulted displacement or landslide
dispiacement. This particular point cannot be conclusively defined at this time
owing to the continuing investigations at the site. [t has been postuiated (Herd,
1977) that the Verona Fault troce, discussed earlier, passes through the site
within [,000 feet of the SNM facility rather than several thousand feet awcy cs
had been previously believed (Hail, 1958). The specific location of this fault
remains very uncertain in spite of thrust-type dispiacements that have been
cbserved in trenches across the po.tuicted fault location. These particuler
offsets may weil be landsiide induced (General Electric Company, 1977), thus
demonstrating the capability of this area for megaiandsiide activity.

The subject of surface displacements and associated accelerations resulting from
earthquakes on the postuiated Verona Fault is trected separately in the second

part report.

Other hazards associated with strong shaking include soil liquefaction and flood-
ng.
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Soil Liguefaction

Soil liguefaction is a phenomenon in which a saturated cohesioniess soil layer
located close to the ground surfoce loses strength during cyclic loeding, such as
imposed by earthquakes. During the loss of strength, the soil acquires ¢ mobility
sufficient to permit both horizontal and vertical movements, Scils that are most
susceptible to liquefaction are clean, loose, saturated, uniformly graded, fine
grained sands that lie within 50 feet of the ground surface.

Even under the conservative assumption that the soils are saturated to a depth of
20 feet, it presently appears that liquefaction does not represent o hazard for the
site. This conclusion is based on grain-size anclysis and standard penetratio “est
results for materials under the nearby General Electric Test Reactr-. ‘The
underlying soils at the GETR site are predominantly clays and gravels with
occasional pockets of sandy, silty clay ond sondy clay. These sonds, whose
passibie mobility couid induce liquefaction, are of such density and grode that
their mobility is very uniikely.

On the basis of the date available, it would appecr that liquefaction is not o
problem. MHowever, the uncertainty in the data and the possible intensity of
excitation make this a most tentative conclusion.

Inundation Due to Dam or Embenkment Failure

San Antonio Reservoir, about two miles south of the site and Del Valle Re<ervoir,
about six miles east of the site are the only major bodies of water in the vicinity
of the site (Kaldveer et al., 1976). Reference to the inundation maps prepared by
the owning ogencies (San Francisco Water Department and the State of
California Department of Water Resources) indicate that the site would not be
affected in the event of a dom failure at either of these reservoirs. Reasons

include: existing drainage ways, eievation differences and volume of water
avaiiable.
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Other water sources include rupture of the 500,000-gailon water storage tank on
the site. In view of the fact that the Vallecitos site facilities are located on a
broad, sloping hillside, tank failure woulid not result in appreciable floeding of
facilities. A large portion of the water would probably drain into Lake Lee. Any
droincge from the lake discharges into ¢ large draincge ditch, which leads to
Vallecitos Creek, which is off-site.
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40 SEISMOLOCY

While the detailed elements of the seismic risk cssessment are discussed in
Section 5.0, the historical seismic record is of such significance that it is dis-
cussed separately below,

A complete evaiuation of the historical record is the keystone to the risk assess-
ment becouse of the important time and spatial distribution information it
contains, With regard to time, the record provides detailed historical earthquake
frequency information that can best be represented by the reigtionship, log N =
o-bM. Further, the spatial distribution of earthquakas around the site con often
De used to delinecte seismic source regions within which earthquakes hove
common charocteristics.

Local coverage of earthquakes was started in [887 when the Serkeley, Mt.
Hamiiton and Chabot stations wers installed by the University of California. The
quality and quentity of data available was improved in the |930's when Rerkeley
initiated a significont expansion of the network and subjected the data to routine
seismologicei analysis. The pre-1930 record is a very vaiucbie supplement to the
more recent data but due to poor station coverage, much of these data cannot be P
reliably used in developing earthquake statistics for structures in the site agrec.
Qur general approach is to use only the recently recorded date to determine the
statistics for small earthquakes (magnitude 3.0-5.0) and to inciude the entire
historical record in determination of statistics for larger earthquake magnitudes.

Ne have coilected and integrated the data from several seismic data bases to
ensure the most compiete coverage. The primary source of date was the
University of California (1975) seismic data base contuining the earthqucke
history of Nerthem California through 1975, The dotc for the site areqa were
checked and extended to |977 by comparing them with the unpubiished records of
the seismograpn station. The expertise of Professor McEvilly was particularly
valuable in estabiishing the representativeness of these data. Other data bases

for seismicity that were examined for consistency checks inciuded those of the
Califernia Division of Mines and Geoclogy, the USGS Central Californic Network
and NOAA/NEIS.




The resulting integrated earthquoke magnitude datc base for the relevant areg
around Vallecitos is plotted in Figure 4-|. Becouse of the large numbers of
smal! magnitude earthquakes, Figure 4| shows only those of magnitude greater
than 5; earthquakes as low as maognitude 3.0 were, however, included in the
statistics and analysis. Figure 4-2 presents the historical Modified Mercaili (MM)
intensity record around the site; although this portion of the datc base is of less
quantitative wvalve, it supports the temporal distribution of the very large
earthquakes.

There are several important fegtures of the historical data that must be inciuded
in any risk assessment. The most important is the obvious clustering of
seismicity in several localities.

The mast cbviaus = «d well know source of seismicity in the site areg is the San
Andreas Fauit. The (906 eartaquake (M 83) on this fault, which resuited in ¢
surfoce rupture from Sen Juon Bautista to Humboldt County, was one of the
largest earthquakes ever to occur in this country. The southem sector of this
fault also has experienced ¢ major earthquoke, the Fort Tejon earthquake of
|857. These two events have established the reputation of the San Andress and
associated foults, but the activity rate of the system is better determined by the
large number of |esser magnitude earthquakes.

Reigted to the San Andreas system, but structurcily unique, are the Hayward and
Calaveras fouit systems. These fauits have aiso been the site of major
earthquakes. In |836 and again in 1868, slippage on the Hayward F ult resulted
in intensity Rossi Forel (RF) [X-X reports and in 186! movement on the
Calaveras Fault resulted in epicentral (RF) intensities of |X north of the site
near Dubiin.

Each of these major earthquakes resuit in strong shaking at the site, but impor-
tent contributions to the historical site intensity record cre also made by the
smaller mognitude nearby events. In an effort to provide odded credibility to our
resuits, we have reconstructed the historical acceieration record at the site using
both the historical intensity datec and the more recent magnitude data.
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© Magnitude 5.0 - 5.9 (1950-75)
QO Magnitude 6.0 - 6.9 (1906-75)
QO Magnitude 7.0 - 7.9 (1906-75)
O Mognitude 8.0 - 8.9 (1906-75)
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FIGURE 4-1

INSTRUMENTAL MAGNITUDES IN THE
SITE VICINITY
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FIGURE 4-2

HISTORICAL RECORD OF
EPICENTRAL MODIFIED MERCALL! INTENSITIES
IN THE SITE VICINITY

(1813 -1977)

30 MILES
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For example, using the Townley-Ailen (1339) cotaiog as a data base, we judge
that during the period |910-75 the site experienced || events of intensity (MM) V
and seven of intensity (MM) VI, Site intensity (RF) V!'' reports have been reiiably
reported over @ much longer time frame; we count six of these events between
1813-1975. Similarly, we believe the site has experienced two (RF) intensity |X
and one intensity (RF) X over the same time. Table 4.! provides a summary of
the dates of these events. Richter (1958) has been Lied to convert RF intensity
reports fo the MM values indicated in this table. There is, of course, some
uncertginty invoived in inferring site intensities from iscseismal maps or
surrounding intensity reports. These resuits, however, provide impertant insight
inte the general seismologic setting of the site.

It is evident that there are several historical sarthquokes that have resulted in
moderately high site intensities. Notable among these ar those aarthguakes
listed in Table 4.1. These earthquakes are useful for estimating the seismic
hazard ot the site, but their location is aiso very important in determining the
recurrence reigtion for specific structures. Becouse of this, the basis for the
putlished locations of four significant earthquakes was carefully examined. Due
to the cbviocus significance of the Calaverss Foult, particular attention was
directed to relocating significant historical esrihquakes that occurred in the
vicinity of this structure. The relocation of the historical earthquckes was
accomplished through examination of old newspaper reports and synthesis of
these data with those ovailable from several historical cotalogs, including
McAdie (1907), Hoiden (1898) and Towniey and Allen (1939).

The overall conclusion was that in no case was there sufficient evidence for
modifying the published locations of any of the sarthquakes and in the case of
one event the basis for the existing location was strengthened.

The earthquakes considered in the relocation analysis were those of 04 Juiy 186!,
[l June 1903, 03 August 1903 and 01 Juiy 191]. All the cvailable Jgta from
these earthquakes were scrutinized and where specific historical | cations had to
De determined, we consulted with the Special Map Collection of the Sancrof+
Library, University of California ot Berkeley.
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TABLE 4.!
SIUMIAARY OF HISTORICAL SITE INTENSITIES

Site Intensity (MM)
v Vi Vil=Vill V=X

Xi

' Neov 1914 1813 04 July 186!
o 1933 26 Oct 1943
1836 18 April 1906
08 March 1937 09 March 949
26 Nov 1858
I5 April 1943 25 April 1954
26 April 1943 Il June 1903
|6 Nov 1943 05 Sept 1955

03 Aug 1903
27 Aug 1945 28 Oct 1955

0! July 1911
22 June 1947 22 March 1957
17 March 1962 31 Oct 1958
10 Feb 1966
|18 Dec 1967

*Procise dates unknown.
Leds

21 Oc* 1868
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For the 186! event, the key datc for fixing the location and epicentral intensity
were the reports that "men in the fields were thrown down" and "it opened ¢
large fissure in the earth and o new spring of water.” From other occounts, we
determined thot the fissure was near o house belonging to Mr. Larabie and the
spring near Mr. Porter's. Whiie we were uncble to find Mr. Larabie's house, we
were able to locate Mr. Porter's house on @ San Ramon Rancho Map prepared in
1857. The subject house was east of Danville's present location, near the
Blackhawk Ranch, thus strengthening the argument that the event was indeed
located on the Calaveras and not a subsidiary fault as the Las Positas, Pleasanton
or Veronc.

in an effort to determine more precisely possible activity on the Las Paositas
Fault, we also reiocated, using the Master Svent Technique (Evernden, |969),
four earthquakes of magnitude 4.0-4.2 that were part of the |943 swarm in the
Liver nore Valley. At that time, station covercae wes sufficiently sparse to
resul’ in large uncertainties of location. We have reiocated these events reictive
to the location of the recent June 20, |977 magnitude 4.7 Livermore earthquake
whose locotion was getermined much more precisely. The on-, us showed thet
the relocated epicenters were less than 4 km from the original spicentes and
that the new locations did not generally align with any known strurtures
including the Las Positas Fault.

While the resuits of this relocation effort are by nc means conclusive, they
certainly suggest that if the subsidiary faults cround the Cclaveras are octive,
their activity rotes must De very low. [t is on this L sis that our anclysis nigh-
lights the San Andreas, Haoywerd and Caloveras Foults and does mot explicitly
consider other subsidiary faulting. Activity on these minor, but pessibly neardy
foults is however ndirectly inciuded in the anclysis; the following section pre-
sents the detgils of these subjects.
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50 CALCULATIONS AND RESULTS

in the previous sections, we have discussed the odvontages of seismic risk
analysis relative to deterministic approaches and presented a stote-of-the-art
caicuigtional approach to probabalistic seismic risk. We have alsc described the
tectonic structure and seismicity of the arec around Vaoilecites. In this section,
we apply these concepts and data to o seismic risk onalysis f2r the Vallecitos
site. The detqiled input to the calcuiational model is described below, followed
by a presentation of the results.

INPUT

As described in Sect on 2.0, Seismic Risk Methodology, the input to g probebil-
istic seismic risk ssessment comprises earthquake occurrerce freguency
reigtions, gttenuation functions and o specification of local source regions.
Becouse risk assessment calculations are very sensitive to the particular com-
pasition of the input, we consulted with several krowiedgecbie seisinologists
during the preparction of input for the Vallecites focility analysis. Major sugges-
tions in this regard were made by Professor T, V. McEvilly.

Source Regions

After ¢ thorough review of the historical seismicity, tectonic slip rotes, micro-
seismic daia ancd surface geclogy, we concluded that the gross source zomes in
the vicinity of the site defined by Algermissen and Perkins (1976) were most
approprigte for this analysis. Their definition of the source zones was based on
the reasonable cssumption that future earthquake occurrences will have the same
general statistics as historical earthquokes and that the historical variction of
earthquake statistics from region to region can be used to delimit gemeral source
regions. The final definition of the source region's boundaries was based on the
average separation distance for egrthquakes producing the |argest intensities.
The representation of the source regions synthesized all the availabie historical
seismicity date and the state of knowledge of the reigtionship between geologic
structure and historical seismicity.
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Figure 5-| shows the source regions that are appropriate for the analysis of the
Vallecitos site. These regions encompass all the significant sources of seismic
activity within 200 km of the site. Their specification is generaily consistent
with the regionalization one would intuitively expect to be gpproprigte in that
there is a San Andrecs Zone, o Hayward-Calcveras Zone and a Nerth County
Zone.

In order to provide results *hat are more site-specific, we have subdivided the
Hayward-Calaveras Zone into several subregions that model the specific faults in
this zone. Thus, we model both the Mayward and the Calaveras Fauits as line
sources of width |-2 kilometers on either side of the surface troce. Although the
activity in the eastern sector of the zome connot be associcted with specific
structures as it can in the western sector, the area east of the Caloveras appears
to be capable of significont activity and thus it is considered c separate and
distinct area source of gross activity, These zones are also shown in Figure 5-1.
Consistent with the h.storical record (Figure 4-|), these line sources and the
eastern areg source are assumed to be the only locations in the zone that are
capchle of egrinquakes greater than magnitude 5.5; earthquakes of |esser
maognitude ure, however, inciuded in the analysis but they are not constrained tc
occur only upon these faults. Based on e density of subsidiary fauits within the
zone, the entire zone was considered equally capabie of generating these smclier
earthquak2s.

Source Region Seismicity

Algermissen and Perkins (1976) calcuicted the rates gt which earthquakes occur
in each of their source regions based on the seismic dota gvailable ot that time
(1974). These rates, which are reiated to coefficients in the expression

logN=z=a=-b

are presented in Tabie 5.1.
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Hayward Calavaras Zone
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San Andrecs Zone
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FIGURE 5-|

SEISMIC SOURCE REGIONS
USED IN THE ANALYSIS

%




TABLE 5.!

ALGERMISSEN AND PERKINS (1976)
EARTHQUAKE FREQUENCY PARAMETERS

Maximum Siope of the relation,
Historica! Number of MM Intensity log N = o=by
Zone Sarthquake (MM) V's per 100 years b: .
San Andrecs X 110 0.40
North County IX-X 14.9 €.50
Hayward-
Calaveras XXl 4.4 0.45

U
J
w



The parcmeters o and !:I define the incremental distribution of earthquake
epicentral intensities uwp f©o an hypothesized maximum infensity. We convert
these parameters fo those appropriate for o cumuictive distribution on earth-
quoke mognitude by integrating the above reigtion over intensity and converting
intensity fo mognitude through Toppazada's (1975) statistically derived reigtion-
ship

M= 1.85 + 0.491.

Toppozode's relationship is the most appropriate for thic anclysis since it was
developed with a Northern Califormic-Nevede dote base. We recognize the
uncertainty in both the fit of a log N reigtionship fo the recurrence dota and in
the coefficients within Toppazada's relationship; we account far this uncertainty
in the analysis by sensitivity analysis end @ Bayesian combination of resuits.

Deferring until later the quantificotion of the uncertainties, the integration and
conversion described cbove results in the earthquake frequency parcmeters for
eoch source region presented in Table 5.2. The overal! consistency of the resuits
in Table 5.2 con be illustrated by comparing these results with other independent
anclyses. For example, Bolt (University of Californig, 1575) has colcuicted that
the b-valve for the Coast Range Region, which includes all the source regions in
this analysis, is 1.00 and this is consistent with the average b-vaive from Tabie
S.2. Further, Svernden (i970) has determined that the b-value of the Sen
Andreas Fault zone is approximately 0.86; we obtain 0.88. Finaily, Pfluke and
Steppe (1973), using microseismic doig, have calcuicted that for earthquakes as
low as magnitude |.4 a b-valuve of 0.99 resuits for the Caiaveras Fault.

We aiso present in Table 5.2 the earthquoke activity rates for the supregions of
the Hayward-Calaveras zone. The siope of the frequency relation (b) is assumed
to be the same for eoch subregion, but the tfotal number of events in eoch
subregion is calculated to be propartional to the total number of magnitude 3.0-
4.0 earthquokes in each subregion during the period [965-75. The logic for this
algorithm is that first, there are g sufficient number of these .ower magnituce
earthquakes to establish ¢ rate for eoch subregion and second, the U.C. seismic
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TABLE 5.2

EARTHQUAKE FREQUENCY PARAMETERS
USED IN THE CALCULATIONS

N = N, 10°0m(M-My) Meimum  Histericol

Zone Wca Mo oM m%n;: Emk.
San Andreas 1.§5 4.0  0.88 8.4 X11
North County 0.48 4.0  1.08 6.8 VIl
Haywerd-Calaverass  1.30 4.0  0.95 See below
Hayward-Calavercs

Suoregions

ey ward .012 5.5 0.9 7.0 x|
Northern Calaoveras 0.009 $.5 0.95 6.8 Vil=1X
Southem Caloveras  0.019 5.5  0.95 6.8 vill
Eastern Arec 0.008 5.5  0.95 6.1 Vil-Vill
Background 1.250 4.0  0.95 5.5
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network became fully operational by 1965 thus providing coverage to this arec
that was before unavailable.

Also shown in this table is our best estimate of the largest passible earthquake in
each region. Generally, this estimate is about 0.5 magnitude unit larger than the
largest historical earthquake.

To account for the uncertainties discussed above, we consider severa! other
valves for the maximum earthquake. Table 5.3 presents the full range of
magnitudes we consider in the caicu!ations.

ATTENUATION

One of the keystones to any seismic analysis is the specification of decay of peak
occeieration with distance from the earthquoke. Credibie attenuction reiations
have in the past been difficuit to develop for two reasons: first the large scatter
in the dota mokes o deterministic evaluation very difficult and second, the date
are very sparse in the near-field, thus allowing for o variety of interpretations.

Becouse of its particular significance ot this site, o very careful re-evaiugtion of
all the xta was performed in order to ensure state-of-the-art interpretation and
maximum credbility Boore, |577).

The overall approach to development of an attenuction reiction for this anclysis
is as follows:

1) Use cpproprigte date in the range 20-100 km to estimate
the far-field attenuction.

2 Focus on the acceleration dote ot = |0 km to fix the
trend in the near-fieid.

3) Rely on all evailable data points ot ronges |ess then 10 km
to establish the very near-field occelerations.

Peak occelerction daote for deveiopment of the attenuation reiction were
coliected from thre following sources:
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TABLE 3.3

DISTRIBUTION OF MAXIMUM MAGNITUDE
EARTHQUAKES USED IN THE ANALYSIS

Lower Best Upper
Zone/Suoregion Bound Estimate Bound
San Andreas 8.3 8.4 8.5
North County 6.3 6.8 7.3
Hayward 6.5 7.0 7.5
Northern
Calgveras 6.3 6.8 Tl
Southerr
Calaveras 6.0 6.8 Ted
Eastern Arec 5.6 6.1 6.6
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™ Brune, et al., 1977

B Galanopoules and Drakopauies, 1974

e  Manks and Johnson, 1976

. Boore, to be published, 1977

e USCSC ‘eulars;
672, 1972 717-D, 1976
713, 1974 736-A, 1976
717-A, 1975 7368, 1976
7178, 1975 736=C, 1977
717, 1976 736-0, 1977

To introduce the attenuation reictionships used in this analysis, consider Figure
5-2, which shows the dofa in the magnitude range 6.0 to 7.0. The emphasis in
this figure is on the 20-100 km renges, but the availabie very near-fieid data (less
than 10 km) are aiso plotted. In this plot, range is usually the distance to the
necrest point on the fault or, the distance to the zone of principal energy
release, if this can be determined. The daota are for both rock and soil sites since
there appears to be no statistically valid reason for their diserimination (Boors,
1977a). The relations are, therefore, for a typical site. Superimposed on the
data are two aiternative attenuction relgtions that represent equally plousibie
near-fieid oro=lerations. We use both of these reictionships in our analysis. The
scatter cbuirt these mean reiationships is best charocterized by a log normal one
standard deviation of 0.45. This fits the dota reasonably well and is consistent
with the dispersion caicuiated by other investigators (e.g., Donovar, 974,

These attenuction reictions, while based on the most current duta set available,
do not represent ¢ rodical departure from previous recommendgations. 1 he
acceleration spanned by these iwo relationships, in foct, cover all previously
puwblished attenuation reiations. Thit overall consistency serves to further
validate cur recommended reiations. The functional form of these reictionshios
and their graphical representation is presented in Figures 5-3 and 5-4.
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ATTENUATION 1

(2.98 - .58m + 000 )

(' - 12"‘.75

A 0.9

-
-

= _ SN TES—
il ot cnt——

- TN I VIS TN Tmmmmmm———

- ¢-¢-¢ —¢% —

— - S —_—. e

i |

=

- —§—4
—

—i2
4.5 |

5 Eh

o
-

8.1}

(6) NOIIVEINIIOY wvid

e

A ANANE B

1002

100

18.8

FIGURE 5-3
ATTENUATION RELATIONSHIPS

CORPORATION



ATTENUATION 2
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RESULTS

The results were obtained by computer calculations with o risk analysis code
(McGuire, 1976b) that is based on the work of Cornell (1968). The basis for this
approach was summarized in Section 2.0,

As described in Section 2.0, the computer code calculctes, for circular sectors
within eoch source region at the site, the expected number of earthquakes per
year cousing accelerations greater than ¢ specified acceleration and this is done
for each source region. The expected numbers are summed for each region, and
the resulting risk calculated from

risk = 1.0 - exp(- expecter mber per year).

The return period associated with the specified occeleration is the reciprocal of
the expected number per year. |t follows from the definition of return period
that accelerations with @ particular return period have a 63 percent probability
of being exceeded within the return period.

Our estimate of the seismic risk represents the weighted results from five indivi-
dual calculations. The five calculations represent g base case and our perturbo-
tions of input parameters about this base. The perturbations are weighted by
subjective estimates of their probability of occurrence and thus their weighted
combination results in a synthesized sensitivity study.

The parameters that are considered uncertain and which are included in this
estimate of the risk are

. The maximum earthquake in each source zone

. The extent of accelerction dispersion cbout the mecn
attenutation reiationships
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. The seismicity that cannot be associared with known
faults (background seismicity)

. The acceleration attenuation reiation.

The wvariations of these porameters represent the owverall uncertainties in our
ability to define the strain energy limit of faults around the site, the correiction
between ecrthquake magnitude and intensity, and the shape and level of the
attenuation relation.

The base case for cur results is considered to consist of the following input:

) Maximum earthquake = best estimate valve from Tabie 5.3
. Acceleration one standard deviction dispersion, In Tp = 0.45
B Sackground seismicity cerived from the data

. Both gttenuation reiationships, equally weighted,

We characterizs the uncertainty in these data by considering that it is roughly 70
percent probable a1 the maximum earthquoke is os specified above and that it
= |f percent probable that the maximum earthquoke is roughly aone-half
reagnitude unit larger and correspandingly |5 percent probable that the maximum
earthquoke s rough!s one-half mognitude unit smaller. The vaoluves of these
parameters are presented in Tabie 53.

Similarly, we consider that it is 70 percent probable that the acceleration disper-
sion is as specified above and gt it is respectively |5 percent probabie that the
acceleration dispersion will be:

B IncAaO.SS

e |HUA30.35
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Finally, we account for uncertainty in the background seismicity by considering
it 70 percent probable that the rate will be the rate derived from the datg, and
that it is again |5 percent probable that the rate will be double or two-thirds,
respectively,

We note again that the two attenuation relctionships are equally weighted,

The resuits from these fivr sets of parameters have been combined to produce
our best estimate in accordonce with the probability of the combination. These
resuits are presented in Figure 5-5. Also shown in fhis figure, ond derived in the
same way, is our estimate of the one standard devigtions about our best astimcte
results.

RESPONSE SPECTRUM

The aoove results define the peck horizontal occeleration at the focility for
various return periods. We hove aiso determined ar appropricte response spec-
trum for the site since some structures and equipment have sufficier*'y low
fundamental frequencies to experience spectral amplification.

QOur initial epprocch to the definition of o response spectrum is empirical; thet is,
we Dase our recommencction on the shape of rasponse spectro recorded in the
near-fieid of strike-slip earthquakes. While very sophisticated deterministic
technigues exist which, through stress wove prop-.“gtion cciculctions, con result
in extremely site specific spectrg, such calculctions first, do not easily mesh
with the probabilistic approach taken here and second, are outside the scope of
this analysis.

The records chosen as most approprigte for definition of the spectro cre:

1) TthholmN65°Ecompcneﬂ?ofﬁnJ\n27, 1966
magnitude 5.5 Parkfield earthquake.

2 The £l Centro 5 00° £ and § 30° W companents of the
May 18, 1940 mognitude 6.3 Imperial Valley Earthauake.
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The records were selected because they represent the frequency content in the
near-field of o large strike-slip earthquoke. The risk at the Vallecitos site is
domingted by near-field events—both intermediate and large events that occur
on the Calaveras, and the smaller events that we represent in the background
seismicity., The records selected are the only near-field records available and,
fortuitously, they also span ¢ reasonable magnitude -ange. The Parkfield record
represents o magnitude 5.5 event while the for rield records from the Imperia!
Valley Earthquake indicated a 7.0 magnitude. The event was apparenrtly episodic
with the largest single subevent being magnitude 5.3 as determined in the necr-
field

When these response spectro are overigid, the resuiting enveiope spectrum is
closely approximated by the 50 percentile alluvium spectrum contained in WASH.
1255 (USAEC, 1973). Given the broaoder basis for this latter spectrum and its
overall credibility, we recommend use of the 50 percentile WASH-|255 alluvium
response srectre for structural anclysis. These spectra should be scaled by the
desired peak acceleration from Figure 5-5,

CONCLUSIONS

In summary, we have combined the best availcbie input data with the most
credible tools of seismic risk analysis to determine the return period of accelero-
tion gt the Vallecitos facility. The results, shown in Figure 5-5, account for the
disparsion of the data about the functional reiationships used in the model. The
results further account for varigtions in the upper mognitude «.r-off, Other
design response spectra can be determined by scaling the |.0 g response spectrum
in WASH-| 255 to the desired peak occeleration.
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