FRIENDS OF THE EARTH

124 SPEAR SAN FRANCISCO CALIFORNIA Q4105
415 405-4770

December 11, 1979

Dr. Harold Denton

Director of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

RE: TRIGA Reactor; University of California, Berkeley
Docket NO. 50-224

Dear Dr. Denton,
Pursuant to 10 C.F.R. Section 2.206, Friends of the Earth hereby
filex a Request for Action to +he Nuclear Regulatory Commission.

Specifically, Friends of the Eai -h requests that the Nuclear
Regulatory Commission order the following:

1. Suspension of all activities under Docket NO. 50-224
at Etcheverry Hall, University of California, Berkeley:

2. Removal of all plutonium and all other radiocactive
materials and wastes from the Etcheverry Hall site;

3. Permanent revocation of the Regents of the University
of California's operating license under Docket NO. 50-224;

4. Holding of public hearings in the City of Berkeley
before any reactor operation is resumed.
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I. INTRODUCTION

On August 10, 1966, the TRIGA Mark Three pool-type nuclear
reactor achieved critical fuel loading after the Regents of the
University of California were granted an operating license by the
Atomic Energy Commission. The University research reactor operates
at a steady power of 1.0 megawatt, and is capable of a peak pulsed-
power of about 2,000 megawatts. The reactor is located in a large
laboratory beneath the patio adjacent to Etcheverry Hall on the
Berkeley campus. Directly above the reactor is a campus patio and
volleyball court. The reactor's cooling water and ventilation sys-
tems flow through Etcheverry Hall, a six-story structure. Exhaust
from the reactor is also released on the patio level.

The Etcheverry Hall-reactor complex occupies about one-half
of the city block on which it is located. Directly south of the
reactor lies the University campus. Surrounding the reactor on three
sides, to the nortl, east, and west, is one of the more densely
populated neighborhoods in Berkeley, consisting of a large student
population and many multi-unit residential dwellings. In the same
city block as the reactor are several restaurants, small shops, a
grocery store, and other businesses. The southéast corner of the
block is a busy intersection where Hearst and Euclid avenues cross
at the North Gate of the campus.

This Request for Action is based upon the following consi-
derations: (1) the reactor's seismic design is inadequate according
to current seismological data and analysis; (7' the potential threat
to public health and safety posed by the reactor is greater than
previously estimated; and (3) evacuation plans, in the event of a
reactivity accident and/or natural disaster at the reactor site,
are inadequate considering the reactor's site in a densely populated
urban area.
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II. INADEQUATE SEISMIC DESIGN

The main surface trace of the Hayward fault is roughly 40
yards from the reactor site.lxayward fault is an active, right-lateral
strike-slip fault. According to U.S. Geological Survey analysis, the
active zonc of the fault extends out about 300 feet on either side
of the main surface fault trace. This active fault zone represents
the area in which ground surface ruptures may occur in an earthquake
generated by the fault system. This may be a conservative estimate,
for data gathered from worldwide studies indicates that the maximum
zone width for strike-slip faults may be much greater, capable of

producing surface faults in a zone as wide as 3,000 feet.2

When the original Safety Analysis Report for the reactor was
written, the main trace of Hayward fault was thought to lie within
300 to 1,000 feet east of the reactor. Current fieldwork and analysis
by U.S. Geological Survey and the University itself has shown that
the main fault trace is, in fact, about 40 yards east of the reactor
site. The reactor therefore lies within the active surface rupture
zone of the Hayward fault.

There is also a newly discovered surface. fault truace within
the active zone which runs directly under the reactor. This fault
trace is estimated as having been inactive for 100,000 years, and it

runs parallel to the presently active trace.3

The seismology section of the 1964 Safety Analysis Report
states that Berkeley is relatively free of earthquake damage. To
quote the S.A.R.; "...no locally severely damaging earthquake has
ever been recorded in Berkeley.”4This statement is misleading. The
last large earthquake produced by the Hayward fault was in 1868,
estimated at a 7% 1/2 Richter magnitude.>
made structures occurred in Berkeley as a result of that quake for
the obvious reason that in 1868, the University campus had not been
built, and Berkeley at that time was a sparsely populated rural area.
The 1868 quake caused surface fault displacement in the Berkeley
hills area, and damage tc structures due to the 1868 quake was re-
corded as far away as Santa Rosa, Sacramento, and Santa Cruz.

No severe damage to man-
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Damage was extensive in San Francisco, and in Hayward many buildings

were completely demolished.6

The Safety Analysis Report relies on "good building design and
construction" to insure protection of the reactor structure in the
event of a large earthquake. Current seismological analysis of the
potential magnitude, ground acceleration, and ground surface rupture
which could result from an earthquake generated by Hayward fault have
now rendered the 1964 estimates used for design and building of the
reactor complex obsoclete.

A. RICHTER MAGNITUDE

The U.S. Geological Survey now estimates that an earthquake
generated by the Hayward fault could reach a Richter magnitude of
7.5 to 8.5.7
B. GROUND ACCELERATION

The reactor was designed to withstand a horizontal ground

acceleration of 0.2 g, and in critical areas (areas in which a failure
could cause a loss of pool water) the design was calculated to with-
stand a force of 0.3 g.aThe firm of Holmes and Narver, which designed
and built the reactor structure, state that a vertical acceleration

of 0.25 g would cause "...(a) considerable quaqtity of water (to) be
ejected from the reactor pool".9 The AEC reviewed the TRIGA design

in 1965 and concluded that the facility would be damaged if subjected
to earthquake forces of .5 g:

"(we) have been advised that an earthquake with a
maximum ground acceleration of 0.5 g might be ex-
pected to occur during the lifetime of the facility
and that the possibility of shear displacement at
the reactor location cannot be disregarded. Accordingly,
we have evaluated the possible conseguences of an
earthquake with these maximum effects, and have con-
cluded that while certain parts of the reactor fa-
cility may reach or exceed yield point stresses, it
is unlikely that the stresses produced by ground
vibrations would be sufficient to rupture the reactor
structufs or pool tank. Thus, core meltdown would not
occur."

I: is obvious that the reactor structure was neither designed
nor built to withstand the stress that may occur at the reactor site.
According to seismology Professor James N. Brune, for earthquakes
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of a magnitude 7 or more, "we do not have a sufficient data base
nor physical understanding to predict ground accelerations very
near fault breaks (less than 10 kilmetres distance) with confidence.
But available data and physical understanding indicate that accele-
rations of greater than 2 g are possible, and accelerations of

greater than 1 g may be common."ll

Accelerations far in excess of .5 g have been rzcorded during
several recent earthquakes:

l. The 1971 San Fernando earthquake, magnitude 6.6, recorded
1.25 g horizontal at a distance of 8 km (approximately
5 miles) from the epicenter;

2. The April 6, 1977 earthquake in Iran, magnitude 5.5,
recorded .95 g and 1.08 g, vertical and horizontal com-
ponents respectively;

3. The recent October 15, 1979 Imperial Valley earthguake,
magnitude 6.4, recorded .81 g horizontal acceleration
and 1.74 g vertical acceleration 26 km (20 miles) from
the epicenter.

All three of these earthquakes were smaller than what we may expect
from the Hayward fault. All three acceleration measurements were
taken farther from the epicenter than the 40 yards from the Hayward
fault to the TRIGA. Nevertheless, all three earthquakes produced
accelerations far greater than the .5 g which is expected to damage
the TRIGA.
C. GROUND SURFACE RUFTURE

Although the TRIGA is within the rupture zone of the Hayward

.fault, the Safety Analysis Report ignores the possibility of grourd
surface rupture near or directly beneath the reactor.

According to most structural engineers, it is impossible to
design a structure to resist the effects of surface rupture. The U.S.
Geological Survey's 1974 analysis of this danger has been clearly
stated:

"Another major earthquake originating in the Hayward
or Calaveras fault zones is almost a ~ertainty. If it
is accompanied by surface rupture in the fault zone in
a built-up area, the damage caused by shearing of struc-
tures directly on the line of rupture would no doubt be
very great, in addition to the damage cagsed throughout
the San Francisco Bay area by shaking."1
4 £y ™ AN L
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The U.S. Geological Survey calculates that ground rupture
of as much as 30 feet is possible in a magnitude 8 earthquake on
a strike-slip fault such as the Hayward fault.l3 contrast in this
regard the design calculations of the U.C. Nuclear Engineering Depart-
ment that the maximum amplitude of motion of the reactor core in an
earthquake cou!. no more than 3 inches!14

A map produced by the U.S. Geological Surveylstakes into ac-
count 3 active fault systems (the Hayward, San Andreas, and Calaveras)
which are expected to cause damage in this area. The reactor is mapped
as within "Zone A" intensity. "Zone A" is the highest damage rat:iag
represented, and is defined as "very violent", comprising the "rending
and shearing of rock masses, earth, turf, and all structures along
the line of faulting; the fall of rock from mountainsides; numerous
landslides of great magnitude; consistent, deep, and extended fis-

suring in natural earth."

Therefore the complete destruction of the TRIGA and its sur-
rounding structures appears to be a certainty in a major earthquake
along the Hayward fault in Berkeley. The earthquake could collapse
the entire concrete shield structure (the patio and the volleyball
court) above the reactor. Giant chunks of concrete and other debris
would fall onto the reactor core, crushing the ‘fuel elements and
causing leakage of core materials from the building, and the possibi-
lity of a landslide beginning underneath the structure itself cannot
be ignored.

D. ETCHEVERRY HALL
No mention is made of the seismic design estimates used for

Etcheverry Hall in the Safety Analysis Report. Since pool water is
recycled through Etcheverry Hall and the reactor's ventilation system
is also dependent upon that structure, it is apparent that the safety
of the TRIGA depends on the seismic stability of Etcheverry Hall.

III. A LOSS OF COOLANT ACCIDENT AT THE TRIGA

It is an accepted medical fact that radiation causes cancer
in humans. Doses of ionizing radiation can cause leukemia 5 years

1 0 =~ DOE&
| J0¢ YUl



n6‘

after exposure; cancer, 12 to 40 years later; and genetic diseases
and abnormalities in future generations. Most researchers believe
that even the smallest doses can cause cancer and genetic defects.
Fetuses, infants, and young children are the most sensitive to
radiation.

The TRIGA is small in comparison to a nuclear power plant.
It contains, however, a huge amount of radiocactive materials. These
could be released into the densely populated environment of the East
Bay if an earthquake damaged or destroyed the reactor and its con-
tainment structures. Contained in the reactor core are at least 1T
grams of plutonium, and an estimated 250 grams of total radioactive
waste products, of which 14.5 grams are strontium=90. The amounts
of radiocactive strontium and cesium in the TRIGA are approximately
as much as was released by the 1945 Hiroshima bomb.

Release of core materials via any possible route from the
reactor structure has lethal implications for the people of the
Berkeley community surrounding the reactor site. Plutonium could be
transported by atmocspheric currents and be inhaled, lodging in the
lungs. It is generally accepted that one millionth cf one gram of
plutonium can cause lung cancer. Once deposited. in the lungs, smaller
particles may break away to be absorbed into the bloodstream. Because
plutonium is chemically similar to iron, it is combined with the
iron-transporting proteins in the blood and conveyed to iron storage
cells in the iiver and bone marrow, inducing liver and bone cancer
and leukemia. Plutonium can also cross the placental barrier, reaching
a developing fetus. Plutonium is concentrated by the testicles and
ovaries, where it causes cancer and genetic mutations.

Once released into the atmosphere, plutonium enters the food
chain. Plutonium-239 has a half-life of 24,000 years. Decay to safe
levels will take as much as ten half-lives, or 240,000 years (10,000
human generations). Strontium-90 has a half life of 28 years, and
cesium has a half-life of 33 years. Once released, strontium and cesium
remain dangerous for several hundred years. Strontium-90, like calcium,
is absorbed into the bone structure, inducing bone cancer. Cesium is
concentrated in the reproductive organs and muscles of the human body.
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IV. EMERGENCY REPONSES TO A TRIGA ACCIDECNT

Following a major earthquake on the Hayward fault, all roads
in the vicinity of the reactor would be blocked with debris. All
emergency vehicles and personnel would be immoblized. A substantial
proportion of the nearby population would be injured. Immediate
evacuation of the area would be impossible.

V. CONCLUSION

The NRC's continued licensing of the TRIGA reactor in the
middle of a densely populated urban area is irresponsible. The
reactor presents an extremely high risk te public health and safety.
The reactor's site in the active zone of the Hayward fault and the
outdated seismic design of the reactor's protective structures makes
possible a serious radiation accident. The inevitable result of
such accidents is generous public exposure to radiation, causing
cancer, mutations and birth defects for years to come, and possible
permanent evacuation of what is presently much of the University
campus and the city of Berkeley.

.

The reactor, operating at its present location, poses a
clearly unacceptable threat to public health and safety.

VI. RELIEF REQUESTED

1. Suspension of all activities under Docket NO. 50-224 at Etcheverry
Hall, University of California, Berkeley;

2. Removal of all plutonium and all other radiocactive materials and
wastes from the Etcheverry Hall site;

3. Permanent revocation of the Regents of the University of California's
operating license under Docket NO. 50-224;

4. Holding of public hearings in the City of Berkeley before any

reactor operation is resumed.
Respectfullé submitted,
ene Martino,Legal Assistant
Frighds of ghe Earth ")
{ \ a ; '!!,_"\ ﬂ’\8
\“ / ‘\AA JOL UU

W. Andrew Baldwin, Legal Director
Friends of the Earth
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STUDIES FOR SEISMIC ZONATION

that at least locally extended as far as 1 km to several
kilometres (thousands of feet to several miles) from the
main fault (Lawson and others, 1908). Data from this
and numerous other historic faulting events in the
world give a basis for estimating the location, character,
and maximum amount of ground deformation along
many of the faults in-the San Francisco Bay region.

Of principal concern in fault-related ground deforma-
tion are (1) detailed prediction of the pattern of surface
faulting, especially the width of th~ zone. (2) the amount
of displacement across the surface traces of faults, and
(3) tectonic distortion of the ground, including uplift,
subsidence, and horizontal distortion.

PATTERN OF SURFACE FAULTING

The pattern of surface faulting, especially along the
strike-slip faults, involves a main fault zone of varying
but generally narrow width along which the principal
offsets occur and lesser branch and secondary faults
that extend to, or occur at, considerable distance from
the main zone (figs. 12, 15). Reverse faults commonly
produce more complex rupture zones, and the zones
typically are broader and less regular in plan (fig. 16).

Major displacements can be expected along linea-
ments defined by recognizable fault-caused topographic
features (figs. 12, 15). Studies of severnl surface faulting
events indicate that historic ground ruptures closely
follow mappable geomorphic features that delineate
preexisting favlt traces (1857 Fort Tejon—Wallace,
1968; 1906 San Francisco—Lawson and others, 1908,
Wallace, 1969; 1966 Parkfield—Brown and Vedder,
1967; 1968 Borrego Mountain—Clark and others, 1972,
Clark, 1972; 1971 San Fernando—Yerkes and others,
1974; 1973 Managua— Brown and others, 1973); these
observations suggest that patterns of surface faulting
are predictable. Clark (1972) estimated, for example,
that along about 50 percent of the length of the surface
rupture from the Borrego Mountain earthquake of
1968, the position of the main surface fractures could
have been predicted to within about 100 m (300 ft)
before the earthquake. In the San } raricisco Bay region,
the San Andreas, Hayward, Concord. Antioch, and a few
other faults are mapped in sufficient detail to accurately
show the location of fault traces and of the expected
future displacements (Brown and Wolfe. 1972; Brown,
1972; Radbruch, 1968a; McLaughlin, 1971; Sharp,
1973, Burke and Helley, 1973). Much of this map
information is adequate to influence decisions on
structural design and land use.

The confidence with which surface traces can be
mapped at a scale of 1:24,000 (1 cm=240 m: 1
inch=2,000 feet) varies considerably depending on fre-
quency and amount of Quarternary displacement, the
style of fault movement, and rate of destruction of

ReF. 2
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geomorphic features (controlled largely by climate and
local geology and topography). Recent fault traces along
strike-slip faults such as the San Andreas can be map-
ped more confidently than those on faults with dip-slip
movement. Consequently, dip-slip faults with youthful
movement are only now being recognized in regions
where active strike-slip faults have long been known.

ZONE WIDTH

Although the most obvious fault displacement tends
to be localized aiong recognizable and mappable fault
lineaments, some permanent ground deformation from
fault movement extends outward from the main fault
trace. This deformation, manifested as fractures,
relatively small surface faults, and local warping,
defines an irregular zone that parallels and includes the
more obvious and more continuous traces of the main
fault.

The width of this zone of surface deformation varies
with the type of faulting, earthquake magnitude, the
local geologic setting, and perhaps other factors. An
example of this variation for strike-slip faulting
associated with the Borrego Mountain earthquake is
shown in table 3 (Clark, 1972). Because the zone width
is so variable and because it seldom can be well defined
by surface morphology prior to a major fault event,
detailed site studies are usually required for accurate
delineationof the zone. Such detailed site information
is not yet widely available. In its absence, estimated
zone widths are often based on comparison with known
patterns of deformation associated with well-
documented modern fault geometry accoinpanying
major earthquakes.

Data on zone widths for North American earthquakes
in the magnitude range from 5.5 to about 8.5 were
analyzed bv Bonilla (1970). The data are sparse because
only a few events are weil documented, but they
indicate the general range in width of zones that can be
anticipated. For strike-slip faults, the maximum half-
width of the zone, from the centerline of the main Tault
zone to the o eoft tion zone, is about
92 m (300 ft). For dip-slip faults the zone is as much as
900 m (3,000 ft). These values are prbably conservative
estimates except for very large eart.iquakes. They have
been suggested as the basis for some kinds of planning
decisions (Brown, 1972; Hall and others, 1974), but they
should be used cautiously and where possible should be
supplemented by site investigations. Some evidence
from studies of worldwide data suggests that maximum.
zone width for strike-slip faults may be significantly
greater than that cited above ard that deformation

zones of strike-slip faults may be as wide as those

associated with dip-slip faults (U.S. Geological Survey,
1971b, p. A169).

-
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maximum velues to the local damage from earthquakes assigns a
mecdified Mercalli index"of VII to VIII to Serkeiey while the
town of Hayward (lving about 17 miles to the soutneast from
Bérk=2ley) has a value of IX. The value of IX is also assigned
to the low lying filled ground in the nortiheastern éart of San
Francisco where the major damage.dur:n the 1906 San Francisco
earthquake cccurred. The hill area oi San Francisco, where the

‘age was much less severe, has a value of VIII. During the |
San Francisco earthquake of 1906, Berkeicy raceived only modest
damage even though most Berkeley buildizgs were then not con-
structed *ith earthquake resistance in mi=nd,

‘iodern earthquake resistant desiz: favors basing a building'

resistance to horizontal loads on the larzest expected local

earthjuake damage., rather than a frequencyr vs. magnitude, risk
acceectance concept. For California cities, tiis frequenéy-is
highar than for many other states, but thé txn2cted maximﬁm
values are not. Based on actual local damaze experienced during
eartiagquakes in aistorical times, the fcllowing major cities

also are rated VIII: Buffalo, New York City, Washington D.C.,
Chicago, Tulsa, Seattle, Portland, San Diego and the San Francisc:
hill areas. It is interesting to notec that cities considered by
Richter to be eligible for the higher value of IX local damage

are.Charlestcen South Carolina, Long I:land towns, Kansas City,

\

Los Angeles, and the San Francisco filled areas. l}}e;
- Althoug] verely damzging earthquake has ever
been recorded in Berkeley, its proximits to the cities of 1<;

1582 012

*The meaning of the Modified Mercalli indices is given'in Richter!
article, kut is best outlined in TID 7024, pp.63-70,
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ATING RECENT FAULT BREAKS
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{ined enurely to these recenty active breaks o

of them. Surface fractuning may develop any-

»a branching or otherwise related (aults L yond
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{aults can generaly be recognized by topographic
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Some of the fault traces which have bern recogmazed (many more probably

exst) mark the posinon of surface \upture al the tume of the | 368 earthquake. \ .
others, like the one immediately southwest ol the Oak Knoll Naval dosprial, seem s NA
10 be the result of much carber movement. In (964 an excavation along the fault |5 P

trace northwest of the hospital exposed a peat bog that filled a depression which
probably was an old sag pond. mnmmuuhnrhmmmnn!md \
in the peat, which ind that the dep was 3. probably by fault ;
movement, pniot to late P ne ume sddi i may ot may not
have taken place since then. Movement aiong the Hayward fault zone has apparently \~
been both h ) and J. Eyewitness of the 1868 carthquak: \
Jescnibe vertical movement along the fauit zone (Lawson, 1908, p. 435, 443, 447, 0=
Quark, 1915, p. 149). The following data aiso imply vertical movement. Where v:
the Hayward fault zone lies at the base of the Berkeley Hills, the steep westward-
facang front of the hills appears 10 be 3 dissected fault scarp (Buwaida, 1929, p. 190),
where the rocks forming the hills 3pparently moved upward with respect to those
west of the scarp. South of Niles. an eastward-facing fault scarp can be seen south-

est of Tule Pond and Stivers Lagoon (Qlark, 1924), indicating that along this
stretch the west side of a fault has moved up relative to the cast wde, whereas in
the vicimity of Inington a westward-facing scarp indicates the reverse. Offset
sireams, suva as Strawberry Creek on the campus of the University of Culifornta
(Buwaida, 1929. p. 194) ané numerous nall offset ravines between Hayward and

Niles (Russell, 1926 p. S08), indicate that ‘{Em‘ﬂ « faults has ceen
w that is, rocks on the northeast ude of the faults have moved southeast
wi to those on the southwest ude

%ﬂﬂﬁwm‘“"-W9w
Jugtonc eart: 3 with acCompanying surface rupture, one in 1836 and one in
8175

The general location of surface break. rded dunng zarthquak
mm&-mhmm-mﬂynﬂknm,mtdmmwdumm
uon and magnitude of displacement 13 scanty,

Earthquake of 1836, - The 1836 earthquake i thought to have had an intensuity
of X on the Rossi-Forel scale (Lawson, |908; Louderback, 1947). H the
u.mwdvmhtdnuﬂum.ulh&*ﬁlm‘!w
cither the kund or of to de or the nature of sar-
face breakage sssociated with (he quake. Cracks reportedly opened between San
Pablo and Mission San Jose (Louderback, 1947).

Earthquake of 568 -mpowhmmmboumemtwmtmo{
S-lewumuummmhl“l.udmteumquunullhn
yeas caused greater property damage than the one in |836. However, very lttie
r\a-un.;dnunﬁmumuunmulhuﬂolQOm«s&
nﬂuvmlmvmmmmutMnuwwmIo-uumn.
1908, p. 434). After the 1906 earthauake, which d on t'.¢ San Andreas
fauit, the Calif Srate Earthquak tga C prepared a report
on the 1906 disaster (Lawson, 190%). This report contains a review of otiier severe
carthquakes in the San Francisco Bay regon, including the earthquake of October
21, 1868, In the course of gathering facts relating 10 the 1368 earthquake, a re-

of the reviewes penodicais of the ime, obtuned eye-
from remdents who exp d the shock, and visited the ares
of maximum intensity The resuits of this invesugation were included in the report
of the 1906 earthquake and constitute the main body of published information
regarding the earthquake of 1868

demglished. According to the 1906 report, “The fault-trace was (haractenzed for
the most part by a crack which in places, particularly on the lower ground. was
superficially maping.  Associated with this main crack there were suxihary branching
cracks; and on the alluviai bottom-iands about San Francisco Bay there were numer:
ous secondary cracks which were usually not discnminated by the observers of (hat
day from the faw* trace” (Lawson. (908, p 447). According to Lawson (1908,

p. 434), a crack extended from the vicinity of Mills College. Oakland. 10 Warm
Springs, but evidence of ity existence north of San Leandro was obscure. Lowder-
back (1937, p. 5) stated that it seems quite ceran that no rupture of the ground
took place in the vicimity of the Temescal Dam (Oakland) in 1868, However,
according to Me Walter T Stedberg, architect (oral commur., 19651 1928 or
1930 Joseph LeConte. protessor of mechanical engr at the U y of
California, told him that s (LeConte’s) father had taken him to se< the fault
trace of the 1868 earthquake, which extended across the westerty end of the
California School for Blind and Deaf and along what 18 now Warnng Street, or
between Warring and Prospect, in Berkeley  LeConte sard that he was a small boy
at the ume, and that the trace looked like a plowed furrow

From San Leandrs to Warm Springs, several cracks were reported The main

fault tace, trending N. 37° W, lay in general near the base of the hills and 'a most
places was within the hill siope. aithough in other places it cut across the auuvium
west of the hills

= An eyewatness account by Mrs. William Haywards (pven in the 1906 invesuga-
ton report) described in detail the courw of the maia fault rupure through the
center of Hayward, as follows: “The crack past disgonally up the Haywards il
and crost ) feet (rom the south comer of the old hotel; past just east of the Odd
Cellows’ Building, through the Castro lot, tearing off a corner of the adobe house
-Mmmnlhunno'&.o-mMNT\Lhn Decoto.
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UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA

August 20, 1964

ir . Rot w vein

Divisi . Ci “"ian Application
U. S. A. mic un gy Commission
Washington 25, D. C.

Attention: Mr. Richard Silver
Dear Mr. Silver:

The following .nformation is supplied as Amendment No, 1 to our
Applicatior. for a Construction Permit Relating to a Class 104 Facil-
ity License for a Nuclear Reactor at the Berkeley Campus of the
University of California, Berkeley, California (Ref. Docket 50-224).

As stated in the previously submitted "Reactor Safety Analysis":

"A horijzontal seismic design coefficient of 0.20 g
with a 33 per cent increase in allowable stresses
has been adopted for the TRIGA Mark III reactor
structure. In order to provide additional safety
in the design of the structure as a whole, critical
areas (areas in which a failure could cause a loss
of water from the reactor pool) will be designed
with a higher Jorizontal coefficient of 0.30 g with
a 33 per cent increase in allowable stresses."

Based on this criteria, the core and support structure have been
designed to the 0.20 g value.

The calculations for this condition took the following form:

1) The reactor tank full of water (but without the core and
support structure) was analyzed to determine the response
to a 0.2 g horizontal force. The result was a calculated
frequency response for the tank water.

2) The ccre and support stoucture in the reactor tank (without
water, were analyzed to determine the response to a 0.2 g
hori-untal force. It was found that the major part of the
weight acts at the lower end of the support structure with
conditions approaching that of a pendulum. Damping is
provided by the restraining force through the couvling
to the bridge. A frequency response was determinel.

3) The core and support structure were analyzed in the
reactor tank (with water) for a coupled response. The
maximum stress was calculated to be 18,400 psi. The
yield stress on non-welded 6061-T6 aluminum is 35 to
40,000 psi, giving a safety factor of roughly 2 over




Mr. Robert Lowenstein -2~ August 20, 1964
the calculated stress. The maximum amplituyde of core T

motion is about 3 inches. For your reactor conditions,

4t was concluded that the period of the reactor core

and support structure in water does not attain reso-

nance with the water in motion. Even if resonance

were to occur and the structure exceeded the yield stress,

no failure would occur because as the material yields,

it would relieve the stresses and unsynchronize the

response of the structure with the water in the tank.

Very truly yours,

Hans Mark
Chairman, Department of
Nuclear Engineering

HM:LR:bjd

State of California)
) s88.
County of Alameda )

Before me personally appeared to

me known to be the person described in the above application, who
signed the foregoing instrument in my presence, and made oath before
me to the allegations set forth therein, on the day of :
1964. ¥
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The proposed site for the TRIGA Mark III reactor does not present any special
problems from a hydrological or meteorological viewpoint, However, the site
is located within several hundred feet of the Hayward Fault System and within
about 20 miles of the San Andreas Fault, ve discussed the seismological
and geological characteristics of this location with representatives of the
U, S. Coasst and Geodetic Survey and U. S, Geological Survey, and have been
advised than an esrthquake with & meximum ground acceleration of 0.5g might
bc expected to occur during the lifetime of the facility and that the possibi-
lity of shear displacement at the reactor location cannot be disregarded.
Accordingly, we have evaluated the possible consequences of an earthquake
with these maximum effects, and have concluded that while certain parts of the
reactor fecility may reach or exceed yield point stresses, {t {s unlikel

that the stresses produced by ground vibrations would be sufficient to rupture

he reacto core meltdo ot occur,
Further, should core cooling be lost by a rupture of the reactor pool due to
differential ground motiom, our calculations indicate that natural convectiou
air cooling wou nt to prevent core melting due to decay heat
it is assumed that the ground displacement due to an earthquake 1a
evere enough to cause rupture of a large number of fuel elements by mechani-"
cal damage and also results in rupture of the walls and ceiling of the reactor \é;?u1*
room, the resulting calculated exposures to the public are within Part 100
guidelines.("Un the basis of tiese considerations, we have concluded that tho site

3 suita for a reactor of this type and power level,

SITE EVALUATION

REACTOR HAZARDS EVALUATION

A TRIGA reactor which is considered a prototype of the TRIGA Mark III resctor
has been operating since December of 1961 at the General Atomic Laboratory {n
San Diego, California., In addition, many other reactors of the TRIGA designs
have been constructed and are operating in a manner similar to that proposed
by the University of California, Berkeley. The operating experience with these
reactors has demonstrated that the important reactor parameters can be confi-
dently predicted, The applicant has analyzed various potential hazards <sso-
ciated with the operation of the reactor, They include (1) release of argon-4l
(2) reactivity accidents (3) fuel element cledding feilure, and (4) & loss of
.oolant sccident.

Radioactive argon-41, which {s produced from neutron activation of the air

in various exposurs facilities, could be released to the reactor room and to
the enviromment, The applicant's calculations end our independent analysis
indicate that release of argon-41 will not exceed the concentrations specificd
in 10 CFR 20 limits for restricted areas and for noa-restricted areas which

could be occupied.

The reactivity accident considered by the applicant {s sssumed to occur after
deliberate violation of operating procedures and several interlocks and scrams.
In effect, the accident consists of inserting the full worth of the transient
rod while the reactor {s operating at a high steedy power with all control rods
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UNIVERSITY OF CALIFORNIA, SAN DIEGO

BERKELEY * DAVIS * IRVINE * LOS ANCGELES * JUVERSIDE * SAN DIECO * SAN FRANCINO SANTA DARBARA * SANTA CRUZ

INSTITUTE OF GEOPHYSICS AND LA JOLLA, CALIFORNIA 92093

PLANETARY PHYSICS, A-025
SCRIPPS INSTITUTION OF OCEANOGRAPHY April 6, 1979

Mr. John Farmakides
U.S. Department of Energy
Washington, D.C. 20545

Dear Sir:

I am responding to a request by Mr. Andrew Baldwin, representing
Friends of the Earth, that I comment on the seismic design appropriate
for the Lawrence Livermore site. My comments are based on the geologic
situation as presented in the LLL report by L. H. Wight, "A Geological
and Seismological Investigation of the Lawrence Livermore Laboratory
Site", and on present knowledge concerning peak ground accelerations
expected very close to earthquakes, as presented in my recent testi=-
mony before the NRC concerning the Diablo Canyon Nuclear Power Plant.
This testimony is attached.

The essential conclusion of my testimony before the NRC was that
" for large earthquakes (M > 7) we do not have a sufficient data base
nor physical understanding to predict ground accelerations very near
fault breaks (< 10 km distance) with confidence. Available data and
physical understanding indicete that accelerations of greater than
. 2 g are possible and accelerations of greater than 1 g may be common.

One aspect of the problem discussed in some detail in my testimony,
and which may be of crucial importance to the Livermore site, is the
phenomenon of directivity focussing of energy in the direction of
fault propegation. Rupture along the Tesla fault, as well as along
other mapped faults in the region (in the direction of the Livermore
site), could result in anomalously high accelerations (> 2g). It is
not possible to accurately assess the probability of such an anomalously
high acceleration, but the effect is well ecstablished and commonly
observed in rupture propagation (see pp 3-10 to 3-14 of my testimony).

Also of particular importance to the Livermore site is the
conclusion of Ambreysey's that accelerations of greater than 1 g
will probably be recorded for even low magnitudes (p 3-8). On April 6,
1977 a magnitude 5.5 shallow earthquake in Iran generated peak accelera-
tions of .95 g and 1.08 g, horizontal and vertical components respectively.
(§ =T~ 1 sec.)
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Another part of my testimony which is of critical importance to
the Livermore site is the reported results from the Victoria Baja
California earthquake swarm of March 1978 (Appendix II of my testimony,
pp II-1 to II-7). One event of magnitude 4.9 produced accelerations
of about .64 g at a distance of about 10 km. Although final informa-
tion on the depth, location and mechanism of the event are not yet
available, it nevertheless shows that even relatively small events
can generate accelevations of over .6 g in an environment of very
thick alluvium. This result indicates that the acceleration value
of .5 g taken in the L. H. Wight report is not conservative.

Sincerely,

‘ 4
"'//muél- M P

/,James N. Brune

// Professor of Geophysics

JNB:sd
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As with the Maywa J fault zone. maves ot dong the Calaveras fault aone by
apparently been both b nzontal and verical, with ROz ontal movement poodoin
Bating. Lo addition, thrusting appsis 1o have bocn Promane it slong parts of he
tone. Honzontal movement 1. amply atiesied by ~flyey sicams, shutier rhiges
and ollset manmade strvctures. Low, et Tacrog scarps marking the man tault
(race north of Mollistcr indicate verin ob o vement Theusinng of the west sl
over the cast was ulnerved 18 an cxcavation ocar the Calaveras Dom (Vi hery, 1928
P 6125, thiusting abso muay sccount 1or 1he uature of the ditortion of the €.l tane
Biidge a1 the southicast end of Anderson | she
The pattern of sooent movement within the Calaveras fault cone appoais 1o
vary alung the beagth of the 2one In < ie phaces the faoll traces, o8 Mdtain d | y
Physiographic featuecs such a5 sag ponds treaches, termaccs, and offset dias
are remaihably stign bt and exwend relatively long disunces Dae of thewe o

hian

on the map south of Sun Fehipe Creek. northe st of the Borth cod of Anders s | ke

ttip B2 Notth of San Febipe Creek (g 1) the tault 2onc secms 1o comsst o 4
band of short en echelon segments, whicl can be identibied by sag ponds, hngas
fienches, and clay gouge. Froldwork shows that nsck i the dpges botween the
trenches w this arca is abso bughly fractued  § oot of Aadenson §ake Grap ) ibe
fault zone comsints of 3 wide band of staston stg tauli braces, cleanly dolcated
by aumrous halhade teriaces, sap ponds, and i ses
Southeast of Cochrane Badpe ot the south ond of Anderson Lake the 1aull - one
Appears 1o consist of straght. narron Licaks, whoreas northes o of the bindyc 1 s
@ confused arcs of ponds, landibido s, 300 v ue WRCt 1as €3 wha te the Py sopiag hin
Teatures iy be duc 10 o number of en e blon of anastomosng fault tiaccs, o
wide band of rock sheared by theusimg, landdiding, o6 & combingtion of a0 s
No ground repture of the nme of 4n Catihyuebe bas Loen reported south of the

Calaveras Reseivorr although quakes of mtensity VH and above huve been 1o cnled,

expectally i the vicmity of Hotloter (o b, 1959 pan

Larihgueke o IN0 A g carthiguake probubly oogimatig m e C save o
Yault zone was recorded w166 |, 4t had an estimated mtensity of 1X on the R
Fotel scale (Townicy and Allen, 1939 Wood and ek, 19415 Growad g
accompanying the quake was aoted oboat 18 mides north west of the Calayo1an
Reseovorr, along the west sde of the San Ramon Valley (Brewer, 1900 Frask, i Ned,
Whitney, IN6S)  The rupteres are presumad 1o Rave Boen tes ton foactuting wothun
the Calavera fault zone (Radbiuch, 19¢4)

Preseni Jey shppage Tectoni shppape (oeep™), ke that tokang placc o g
the San Andicas anid Hoyward tauli Zoncs, was oo peized abony the Colaveras fault
Lome 10 1960 (Rugers and Nason, 19711 Creep has et sticets, prpehncs. at
Butldenys 0 the towa of Hollister (Rogers and Nason, 19710 as well o5 fences ond
othe: manmade structures north o Mellnior, w the San Fod Guadiaagh (Kowory
and Nason, 1967, 1968, 1971) Damnage 10 the spillway of Coyote Dam st |y
May be due 10 fault movement (Radbiuc . 196%), and (he Co brane Budye ot e
south end of Andenson Lake (inp ), constiucted m 1950, appuan o have Leen

L 71 buckled and twasted Ly show fault moverent T he honzoni s steel Hbears gndo .

«, that support the floos of the badge, which o siined 0rh south. have bocs i
“ torted both laterally and vertically . so that ther s a Pronounced bead in them

[\ shightly south of the centor of the badge  The north ead of the poeders bas tansied

Up and 1o the cast with respect 1o tie south end The grdors are supporicd by

fous sets of plers. une sei on the scuthwest shore of the reservos. & s oud and o
Dthird at and near the southwest shore, and the fousth at the morthicsst sbore  The
sheud i the giiders appean (o e between the second sid thind scta of prers at o1
ncar the southwest shoie, the Gt and sccond seis also apprar to be suinew hat ot
ab)sets, with the latter two slignitly

SRR St Y DL

FARERCE Cant than he o southernmost seis. The €xact 3mount of derics tia has
Bt beon measured, but appearcd 1o b about & wches laterally «nd 4 inches el
by in 1968 The ralings of the bindye were deloamed i th same mantcr o the
Wden i places ndividual el sy menis » cre bowed Convex wpward  Thie de
Torme bisbings were replaced 19 1968 Appacently the bindge has Loon wubpcted
(100 5 tghtlatcral and compronsine tores Some of the ‘orces, porteiularly coin
Presion, could be attabutable (o o Litdes. However, there is no evadence of
Miding ot cather abutment, although Jdide s can be seen near the south sbaiment
and aie nucrous al other plasces slung the shose of the reservor

Fhe sccond set of peers (horthwaid Loom the south end of the bovdge) appeans
o be v on clayey tault goue and 3 pronosnced northwest trending tremh
Southosst of these piers i & phytographic imdication of recont faull movement
she Conmpden budge defarmaion consniing of aght dateial vitiet, buckhng due (0
comproaon, and aplift of the noth cnd could be causd by gl dateral more
ment Lol thrusting slong o Loult cxrending norhwest ward across the nonh-trending
brsdy o auncment, with (he rouks on 1 aosineast sde of the fault moving up snd
southosouthicast with respect 1o thuse un (e southwest. | “posares mocthoast of
e ankt e poss that this may be the comredt ceprctatnos A ombinstion of
hewrecy and nght Lareral moveowent has boen sugges =4 the ¢ slaveres tault zone
sorih of dhe Calaveras Reservons sear Dubiis (Cabson snd Wollenby . 19e8r How
EHCE e nght lateral wnovemscnt of o dorthcast-irondig 10l crosimg the shine
Wen woull Cause both compression and ughi lascial forces 10 be eserted on the
Bordpc, aud combined with stight upints on the morbeast side of the leudt. could
wolt o the boodge e formation obsy ved

DAMAGE 10 SIRUCTUKES

Aoorher magn carthquake oovmating m the Hayward or Calaveras fauil 2oncy
taalitont sav ity Mty
& buitt g

Wpamicd by swface tapture i the faali 2onc 0
e Quamape camsod by Becanng of stiu tures drrcatly om the bne of
Ui would no doubt be vory picat, i additeon to damuge thioughbout the San
Framome s bay area camsed by shabing  The lund shong the catine length of the Ha)
ward Lok zunc, from San Pabdo 1o | moat, s now hoavily Populated and covered
Witk st te most places The 865 Caatt trace 1 Haywaid, from Hayward.
FRI b Woalpart's Thil, passes ihaough the center of the main basiness distect Some
Paris o the Calaveras tault zonc such as Mollster, are 50 heavily poptlarcd and
PR s chat are still not budt up sre tapadly bong devetog d

Buddons of stroctures which bie wittin or cross the Hayward or Caaverss fault
fin s slomld take |10 account the posstiabity that such strec res not only oy
b dunaged by sudden movement, ofict, and ruptarc at the ume of an caithyuaske
Wb a0 the foult Zonc, but may abso be subject G constant strain snd dam !
aee bocaune the opposite sides of Laults within the 2une e continaously movng )
LAY 3k 0 RPUsEE Bt

Fhe b tioas of 1300mes as descnibed in the § Y00 TePutt weie supphied by
Mes Zobde Rigps of the Mavward Arce Mt weal Sov ety

"Hayward Linddy Reveew, June 1% 1028 courtesy of the Mayward Ares Hatorne el
Sty
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REDUCTION OF EARTHQUAKE HAZARDS. SAN FRANCISCO BAY REGION

A30

ment a program of sarthquake hazard reduction, but
they also indicate a need lor further ind
attention to new discoveries

About 30 faults in the bay region are potentiaily
capable of producing damaging earthquakes Most of
these can be accurately located, and those that a
largest and potentially most destruct:ve can be very
weill located. Detailed maps, suitable for most planning

effort for

re the

and de 1sionmaking purposes, are availabie for many of

these fauits
Magnitudes of historic earthquakes are known for
more than half of the recognized faults. These data
indicate that at eight moderate or large-
magnitude events have occurred on known bay region
faults and that nne very large varthquake ‘magnitude
8.3) was located on the San Andreas fault. Current
methods of estimating maximum magnitude in the
absence of historic data are still crude, but they provide
an approximate measure of the size of earthquake that
can be expected on faults that have no historic record of
damaging earthquakes
Fault displacement of as much as 5 m (16 ft
recorded after he 1906 earthquake on the San Andreas
and max:mum horizontal displacement of as much as [0
m 30 ) s judged pos:‘ble with a ma, nitude 8
earthquake on a strike-slip fault. Estimated
bounds for displacement ‘horizontal) accompany:ng
smaller earthquakes on strike-slip faults in the bay
region are 6 m (20 ft) for magnitude 7, 2 m (6 1t) for
magnitude 6, and 0.5 m (2 ft) for magnitude 5 Vertical
earthquakes on strike-

least

{isplacements associated with
slip faults are likely to be less than one-third of the
horizontal displacement. Displacement associated with
dip-stip faults is more difficult to evaluate, but these
evidently are fewer and shorter in the bay region than
strike-slip faults

The nature and areal distribution of deformation
related to fault movement includes (1) permanent
ground deformation localized as a zone along the fault
and ' 2) s, stematic deformation of the earth s surface on
a regional or subregional scale

Accurate delineation of the width of the zone of
deformation along the fault s best accomplished
through careful geologic site studies including, where
necessary. trenching, excavation, or other subsurface
investigations. Where such data are not available, zone
width can be crudely estimated by analogy with

measured zones of deformation that have accompanied |

historic faulting. This method suggests that, for

strike-slip fau!ts, permanen: ground deformation may
be expected to extend for 92 m (300 ft) on either side of a
recognizable strike-slip fault trace and 425 m (1400 ft)
on either side of a recognizable dip-slip fault trace Hal!

and others, 1974). Designation of deformation zones on
this basis i1s admittedly a stop-g

zap measure and should

was |

ipper !

Ref. |3

be re-evaluated with the availability of new geologic
data a te

Regional or subregional deformation of the earth's
ymmonly accompanies major earthquakes. It is
manifested predominantly as upwarping or subsidence
for dipslip faults and predominantly as horizontal
distortion for strike-slip faults. In the bay region
horizontai distortion appears to be the predominant
process. although some local vertical warping (about 0.5
1 wccompanied the 1900 earthquake on the
jan Andreas The magnitude of this process and ita
,n-l-'hl'.u hazard for the bay region are not completely
known, but it appears to be less important in evaluation
f earthquake hazards than other earthquake effects.

The frequency of recurrence of earthquakes is
perhaps the most difficult to assess of all these topics
Until more geologic data are available, recurrence

the

crust

wlift

| estimates are tentative at best and depend heavily on

our knowledge of recurrence of historic earthquakes.
The historic record in the bay region is little more than
150 years old, a woefully inadequate -ample for faults
that have been active for millions or tens of millions of
But - “en that record shows a crude pattern of
famaging earthquakes on major bay region faults
Attempts to determine recurrence intervals for bay
earthquakes are further complicated by the
unresolved relation between fault creep and damaging
earthquakes because several bay region faults exhibit
fault creep along parts of their length. Despite the need
for more accurate data on frequency of recurrence, the
phenomenon of recurrence is well established

Many important questions are still unanswered, Jut
known now to move positively toward
reducing the hazard from future earthquakes. Some
steps in this direction are obvious. All residents would
gree that schools and hospitals should not be located
the traces of major faults; most would accopt
requirements for geologic sice st. lies in the deforma-
tion zones along mayor faults: and many would a_ree on
restrictions that would locate major highway
dams, or power plants away from faults
that may generate earthquakes. These kinds of actions
are ultimately a product of the democratic process, and
they depend as much on social and economic values as
on our scientific knowledge

Other steps toward reducing earthquake hazards
cannot be taken without more information *f.an is given
here Building codes, for example, are an important
mechanism for protecting life and property from
carthquakes. But such codes require specific informa-
tion on the nature of seismic shaking, possible modes of
structural response, and other factors that go far beyond
the initial geologic process that causes the earthquake.
These and other problems relating to hazard reduction
ire treated in subsequent sections of this report

VeArs
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