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Pursuant to 10 CFR 2,749 and the Board's Order of July 26,
mittee to Bridge the GCap (CBG) respectfully moves the Atonic
and Licensing Board for partial summary disposition as to Contention XVII.
The conten tion asserts that the site characteristics of the UCLA
reactor are unsuitable in that the reactor is located in a seismically

active area, that a \ ( three stories of classrooms and offices

supported by relatively thin columns above the reactor (added on after

the reactor building was completed ) create the possibility of the entire

structure collapsing onto the reactor core, and that the core itself could
%@ crushed and otherwise damaged were the maximum credible earthquake possible
At the site to occur, an event which could release fission products to
the environment,
Because of admissions by both the Applicant and the NRC 3taff

as to the above matters and assertions that neither party intends to

present affirmative evidencs to th on CEC respectfully
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moves for summary disposition thereon, to which it is entitled as a
matter of law, as no genuine dispute exists,
CBC will demonstrate, infra, that there is no dispute as to the

following material facts: that the reactor is located in one of the most

seismically active regicns of the country; that it lies in the path of

at least one active earthquake fault; that it 1s within 2 miles of the

Newport-Inglewood Fault which was responsible for the worst earthquake

in Los Angeles County in historical times and which is currently viewed

as capable of a 7,5 magnitude quake with an annual probability of occurrence
of ,1%; that it is within 1 mile of the 3anta Monica Fault which is also
estimated as capable of a 7,5 magnitude earthquake; that it could also

be affected by the southern 3an Andreas Fault along which an 8,3 magnitude
earthquake has an accepted probability of occurrence of between 2 and <%
annually; that a major earthquake could bring down the several-story
structure that has been added atop the reactor building; that a major
earthquake could thus crush the reactor core and break apart the fuel;
that this core-.cushing could occur from lateral accelerations even
without the above structure collapsing; that severe mechanical damage to
the fuel could result and fission products escape; and that a major
earthquake could cause the 3tone Canyon Dam just north of the reactor

site to fall and flood the reactor room and cause fission products to escape.

Furthermore, that neither 3taff nor Applicant has dore a detailed seismic
analysis of the area nor a detailed structural analysis of the reactor
structure and related buildings, both assuming in their respective safety
analyses the capability of a severe earthquake causing severe damage to the

reactor core,
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CBG perceives that, although no dispute exists as to the seismic
activity of the site and the capability of a major earthquake causing
severe damage to the reactor core with attendant release of fission
products, a factual dispute does exist as to the magnitude and acceptability
of the attendant radiocactive release. Therefore, this latter matter is
not appropriate for summary disposition and CBG requests herein only
partial summary disposition, to wit: that there is no dispute
about the seiamic vulnerabdlity of the reactor, but that dispute remains
as to the magnitude and acceptability of the attendant fission product

release,

IT, DISCUSSION

Because there appears no dispute about these matters, the following
discussion will be brief, The NRC 3taff in its 3FX has chosen as its
design btasis accident an earthquake which cavses disruption of the reactor
core and breaking apart of the reactor fuel, resulting in off-site releases
of fission products.' The Applicant has likewise in its revised 3AR
assumed an earthquake is capable of such damage and has further conceded
the potential for subsequent flooding of the reactor room because of the
earthquake and release of radiatiocactivity into the floodutm.y
Furthermore, Applicant at the June 30, 1982, prehearing conference
(transcript sections formerly in camera, released for public disclosure
by Board Order of August 26, 1982) stated that it "would stipulate
that an earthquake could bring down the structure above the reactor and

crush the core. There thus appears to be no dispute except as

2/ Application, ITI/8-3 to 8-5
3/ 14, 111/8-5
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to how many Curies of radioactivity could be released due to such an
event and what the doses would be to personnel and the public at various

distances from the reactor.

1. The reactor is in a seismically active region.--Application, page II1/3-1
states: “Southern California is seismically active. . . .In Southern

California, the region from the Mohave Desert to bayond the off-shore
islands is traversed by a series cf active faults, These faults extend
from 20 to 50 to many hundreds of miles in length, * * * Harthquakes have
occurred in California for a long time in the geologic past, and it is
extremely probable that they will recur from time-to-time in the future.”
Staff's 3ER says at page 2-6, "Southern California is criss-crossed with

geologic faults,”

be
2, wmnx&mmm_n_mmmm
fault,--3ER, page 2-6, states: “.,.it is recognized that the UCLA campus
may be in the path of an active seismic fault,.,."

3. Tha UCLA reactor is within two miles of the Newport-Inglewood Fault,=--
Application, as amended, page III/3-1, "The nearest major fault to the

reactor site is the Inglewocod fault running in a north-westerly direction
about two miles east of the campus," Note that the Fault may be closer
than two miles and that there is uncertainty as to where it ends;
as the Application indicates, it appears to be headed Wwesterly towards
campus at its last certain location, (see California Division of Mines
Geology map, attached, of the Beverly Hills Quadrangle 3pecial Studies
Zone; also Newport-Inglewood Zone map, showing the fault zone further to

the west, and TID-25363 by USGS for AEC)
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4, The Newport-Inglewood Fault was responsible for the [ong Beach

Earthquake of 1933, == California Division of Mines and Ceology, "A Feview
of the GCeology and Earthquake History of the Newport-Inglewcod Structural

Zone", abstract and map attached.

5. The Newport - Inglewood Fault is capable of an earthguake of

: 1tude the Richter Scale,--Page III/8-3 of Application;

FEMA report, sumra, p. 15.
6. The ¢ t bability of nce of t uak
along the Newport-Inglewood Fault is at least +1% annually, or a one

in fifty chance during the proposed twenty-year license period.--

Page I1I1/8-3 of Application., Note that there is a greater protability
than ,1% annually that one or more damaging earthquakes of somewhat smaller
magnitude than the postulated 7.5 quake will occur along the Newport-

Inglewood fault, FEMA report, supra, p. 15

7. The 3anta Monica Fault Zone is within one mile of the UCLA reactor.--

Map of the Newport-Inglewood Jtructural Zone and Other Structural

Features of the Los Angeles Area, 3outhern California, by the California
Division of Mines and Ceology. Note that UCLA sits on the upper plate of
the 3anta Monica Fault and is quite close to where the Newport-Inglewood
Fault Zone and the 3anta Menica Fault Zone are belleved to intersect.

(3ee also TID=-25363)

2, The Santa Monica Fault Zone is capable of a 7.% magnitude earthquake
The document cited bty Applicant at page III/8-3, Maximum Credible Rock

Acceleration from Earthquakes in California, by Roger Greensfelder,

California Division of Mines and Geology, gives the capability as 74,
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9. The reactor could also be affected by an earthquake alcng the southern San Andreas
Fault, which has a capacity of 8,3 magnitude with a probability
of occurrence of tstween 2 and 5% annually, or greater than S0% over the

next thirty years,--"An Assessment of the Consequences and Preparations

for a Catastrophic California Barthquake: Findings and Actions Taken"

Federal Emergency Managiment Agency, November 19E0, page 17

10, A _major earthquake could bring down the several-story structure built

atop the reactor building and crush the reactor core,--Applicant's counsel

indicated on the record of the pre~hearing conference that he "uf/uld stipulate”
4
to this matter, Furthermore, Applicant's interrogatory answers indicate

it has no information as to the strength of the supporting columns or
other aspects of the structure to indicate otherwise, and that the original
seismic specifications or design criteria for the buildings, as well as

the drawings of building modifications, have either not been retained or
have been lost., In absence of a structural analysis to the contrary,
Applicant and 3taff have rightly assumed in their safety analyses such

damage can occur, Application page III/8-3 and 8-4y also 3ER 14-8,

11, Mechanical damage to the fuel (i,e, bwreaks in the cladding and fuel meat)

could result from core-crushing,--3ER, p., 14-10

12, Core-crushing could result from lateral accelerations in an earthquake,
with or without the above structures collapsing.--"Fuel Temperatures in

an Argonaut Reactor Core Following a Hypothetical Design Basis Accident”

by G.B. Cort of LANL, NUREG/CR-2198, p. 2

‘_t/ Applicant's 5/20/81 interrogatory answers, attached.
Note the virtually complete lack of information possessed by Applicant as to
the seismic characteristics of its site and structures,
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13, Mechanical damage to the fuel resulting from an sarthquake could result

in fission ucts escaping to the environment,-- 3ER p. 14-8, "...it 1s

postulated that there could be severe mechanical damage to the fuel from

the collapsing superstructure and a significant release of fission products.”

uent floodi of the c om could

occur as the result of earthquake-induced failure of the 3tone Canyon
Reservoir which is positioned in the hills to the north of the UCIA campus,--

This is a direct quote from the Application, page III/8-5.y

15, Subsequent flooding of the reactor could result in the dispersion of
fission product releases in the flood water.--This is al o a direct

quote from Application page II1/8-5,

16, Neither 3taff nor Applicant has done a detailed seismic analysis of

the reactor site nor a detailed structural analysis of the reactor structure

and ted bui to how they would to _potential earthquakes
i,e,, ability to w tand ious ) without suff

displacement ), ~--3ER, page 2-6, Application, III/8-3 (“a detailed seismic

analysis is not warranted"),

17, Barthquake-induced fissi uct ease could cause doses in unre cted

areas of at least 10 Rem to the thyroid.--SER p. 14=10 concludes that the

doses would be 30 Rem to the thyroid, the Battelle 3tudy (p. 26 and 48)
referenced in the Application and relied upon by Staff suggest a higher figure.
There appears no dispute the figure could be as high as 10 R, the only

dispute is how much higher, a matter to be resolved at hearing.

5/ 3ee also the study referenced in the Application, portions attached,

that give astonishingly high annual probability figures for a major earthquake
capable of destroying the dam and flooding the reactor. Ayyaswamy, et al,
Estimates of the Risks Associated with Dam Failure, performed for USAEC.
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18, The Uniform Building Code according to which the reactor structure
and the uilding above it were built had no provisions for reactors and

has since been substantially strengthened; and buildings built to UEC
standards have failed in relatively moderate earthguakes, (Plotkin

decl&ration)

The detailed evidence supporting these undisputed material
facts is found in the documents attached, consisting of the declaration
of Dr, sheldon C, Plotkin, a safety engineer specializing in accident
analysis; numerous official documents from the government agencies within

whose responsibilies and competence seismic and geological matters fall

and Staff and Applicant documents,

III. CONCLUSION

There is no dispute that the UCLA reactor is in a seismically
active area and that the core can be severely damaged in an earthquake,
resulting in fission product release. The only matter in dispute ls the
magnitude and acceptability of the resulting radiocactivity release.
As a matter of law, CBEG is entitled to summary disposition on those
matters as to which no genuine dispute exists, Until the matter of the
consequences to the public of earthquake-induced radioactivity releases
is resolved ty the Board, the facts as the possibility of such earthquake-
induced damage are material amd relevant, The proceeding would be expedited
and simplified, and justice served, if partial summary disposion as to
Contention XVII were granted. -
Rg;pocf;ul%y,sﬁia%tted.
é%ﬁfﬁi“%igsch
President
COMMITTEE TO BRIDGE THE GAP



g-
STATEMENT OF MATERIAL FACTS AS TO WHICH NO GENUINE DISPUTE EXISTS

1., The reactor is in a seismically active region.
2. The UCLA reactor is in the path of at least one active earthquake fault,
3. The UCIA reactor is within two miles of the Newport-Inglewood fault,

4, The Newport-Inglewood Fault was responsible for the Long Beach
Earthquake of 1933,

5. The Newport-Inglewood Fault is capable of an earthquake of a magnitude
7.5 on the Richter 3cale.

6. The current probability of occurrence of a 7.5 magnitude earthquake
along the Newport-Inglewood Fault is at least ,1% annually, or a one in
fifty chance during the proposed twenty-year license period.

7. The 3anta Monica Fault Zone is within one mile of the reactor.
2. The 3anta Monica Fault Zone is capable of a 7.5 magnitude earthquake,

9. The reactor could also be affected by a quake along the southern 3an Andreas
Fault, which has a capacity of 8,3 magnitude with a protability of occurrence
of between 2 and 5% annually, or greater than 50% over the next thirty

years,

10, A major earthquake could tring down the several-story structure built
atop the reactor building and crush the reactor core,.

11, Mechanical damage to the fuel (i.e, treaks in the cladding and fuel meat)
could result from core-crushing,

12, Core-crushing could result from later accelerations in an earthquake,
with or without the above structures collapsing,

13, Mechanical damage to the fuel resulting from an earthquaske could
result in fission products escaping to the environment,

14, It is conceivable that subsequent flooding of the reactor room could
occur as the result of earthquake-induced failure of the 3tone Canyon
Reservolir which 1s positioned in the hills to the north of the UCLA campus,

15. 3ubsequent flooding of the reactor could result in the dispersion of
fission product releases in the flood water.

16, Neither 3taff nor Applicant has done a detailed seismic analysis of the
reactor site nor a detalled structural analysis of the reactor structure
and related buildings as to how they would respond to potential earthquakes

(1.e., ability to withstand various response spectra without suffering displacement,

17. Earthquake-induced fission product release could cause doses in unrestricted
areas of at least 10 Rem to the thyroid.

18, The Uniform Building Code according to which the reactor structure and
the building above it were built had no provisions for reactors and has since
been substantially strengthened; and building built to UBC standards have
falled in relatively moderate earthquakes.
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of Docket No., 50-142
e g}c umg){gm e (Proposed Renewal of
Facility License)
(UCLA Research Reactor) )
DECLARATICN OF DR, S N C N

I, Sheldon C. Plotkin, do declare:

1. I am President of 3.C, Plotkin & Associates, a consulting engineering
firm specializing in accident analysis., My professional qualifications
are attached hereto.

2. As a member of a review panel established by the 3outhern California
Federation of Scientists to assess fundamental safety aspects of the UCLA
nuclear reactor, I have conducted an examination of factors affecting the
seismic safety of the facility,

3. This examination consisted of three on-site inspections of the areas
external to the Nuclear Energy lab facility and a separate inspection
of the areas within NEL itself, The review also included examination of
the avallable architectural, mechanical, and structural drawings of the
reactor building and associated buildings.

4, The purpose of this declaration is to ldentify facts ascertained in
the above review and conclusions drawn therefrom.

S5, It is widely recognized that Jouthern California is very active seismically,

6. The U,3. Federal Emergency Management Agency estimates that an earthquake
of Richter Scale magnitude 8,3 along the southern part of the 3an Andreas
Fault has a 2-5% annual probability of occurrence, with greater than a 50%
chance in the next thirty years. The effects of such a massive earthquake
would be widespread and could readily cause considerable damage at the
reactor site.

7. Other faults, of slightly smaller capability and probtability of occurrence,
could cause even greater structural damage at the reactor site. This is
because these faults are extremely near the site,
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8, The Newport-Inglewood Fault Zone (estimated capability, 7.5 on the
Richter 3cale) and the Santa Monica Fault Zone (similar capability) are
believed to intersect very near the UCIA campus, While the nearest approaches
of these fault zones to the reactor site are uncertain, due to the limited
study performed to date and the heavy urbanization which has covered up
surface indications, it is well established that the Newport-Inglewood Zone
comes within two miles, and the 3anta Monica Fault Zone within about one

mile of the reactor site. The nearest approach could be much closer.

9. Because of the seismic activity of the region and the nearness of

ma jor active faults, aprincipal concern in a safety review of a reactor
in such a location is the ability of the reactor facility and the reactor
itself to withstand a major accident without damage., My review of this
particular facility leads me to conclude that the particular site
characteristics in question are so unfavorable as to make it quite likely
that the reactor core could be severely damaged in a major earthquake.

10, The reactor was originally in a two-story btuilding when first constructed.
Over the years additional buildings were added on top and to the sides

of the original building, These included three stories of classroonms

and offices supported by relatively thin columns above the original reactor
building, A two story "void area" exists between the upper stories and

the original two-story reactor building.

11, The reactor building and the addition on top are structurally
independent of the ad jacent tuildings, separated by a half-foot earthquake
“shake,” so that the structure atop the reactor building receives no support
except for those thin columns,

12, Were a severe earthquake to occur, those columns could buckle or
fracture, causing the building above to collapse, accelerating through
approximately twenty-four feet until hitting the reactor room ceiling,
which could not withstand such an impact., The building above would
essentially collapse onto the reactor core, crushing the core.

13. Even were the building above the reactor core not to collapse,
lateral accelerations of the reactor itself could cause core-~crushing by
rapid shifting of the core internals by the tremendous forces involved.

14, The fuel would be severely damaged in either case, with substantial
amounts of fission products released.

15, Additional damage to the reactor core could be initiated by such an
earthquake in the form of failure of the 3tone Canyon Dam just north of
the reactor and subtsequent flooding of the core, or by earthquake-induced
fire.

16, The fact that the reactor structure was built according to the then-current
Uniform Building Code provides no assurance whatsoever that it will survive

the magnitude of earthquake possible at the site., There was no provision

in the UBC for reactors, which must be built to considerably stricter standards
than structures posing less risk to public health and safety,
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and the UBC has been substantially strengthened since the reactor muilding
and related structures were built, A bullding built to the UBC standards

then in effect could not pass current UBC standards for normal structures,
let alone the standards that should be applied to a nuclear reactor.

17. Furthermore, buildings built according to modern Uniform Building

Code standards have been substantially damaged in even relatively moderate
earthquakes, The Olive View Hospital, built according to the most modern
UBC then in effect and dedicated only a few weeks before the 1971

3an Fernando 6.4 magnitude earthquake, collapsed during that earthquake,

And the County Services Building in Imperial Valley, Califormnia, had the
steel-reinforced concrete pillars of the building virtually sheered off,

even though the building was reportedly engineered to withstand an earthquake
of magnitude 8, The Imperial Valley earthquake was only of magnitude 6,6,

18, For the above reasons, it is my opinion that a major earthquake is
likely to occur of sufficient magnitude and proximity to the reactor
site that severe damage to the reactor core and fuel could occur and
result in the release of substantial fission products to the environment.

19, I took the attached eleven photographs of the reactor building and
the structure built atop it. They point out some of the features which
affect its seismic vulnerability. Photograph 1 shows the three floors
of classrooms supported by columns over a two story void area containing
equipment for the reactor. The large vertical feature in the center

is a sheet metal enclosure encompassing the reactor effluent exhaust
stack, which is released from the eighth floor through a small stack in
the right hand corner of the windscreen on the roof. The reactor is
directly below the three floors of classrooms and the two~story void
area, Thus floors one and two are below grade in this picture; the void
area represents floors three and four; floors five,six, and seven are
classrooms and offices; and the eight floor encompasses the reactor stack,

20, Photo 2 is a view from the courtyard on the third floor; photo 3

is a view of the vold area. Photo 4 shows the separation between

the building atop the reactor and the adjacent wildings--where I have
drawn a circle you can seen the metal plate covering the empty space
between the buildings, Photo 5 looks upward along the same view; where
I have drawn ancther circle you can see the ending of the earthquake
separation, There 1s about a half-foot separation designed between

the buildings, Photo 6 shows the separation on the left side,

Photos 8, 9, 10, and 11 given different views of the metal plates covering
the earthquake separations.or “shakes.® The photographs demonstrate
that the sole support for the structure directly above the reactor are
a few columns which could give way in an earthquake.

I, Sheldon C, Plotkin, swear under penalty of perjury under the
laws of the United 3tates that the foregoing is true and correct to
the best of my knowledge and belief, )

Executed on August 23, 1982
at Los Angeles, California

Sheldon C, Plotkin, Ph,D,




DR. SHELDON C. PLOTKIN
PROFESSTONAL QUALIFICATIONS

My name is Sheldon C, Plotkin., I am President of 3.C. Plotkin & Assoclates,
a consulting engineering firm specializing in accident analysis, I am also
a member of several review panels established by the Jouthern California
Federation of Scientists to assess fundamental safety aspects of the UCLA
nuclear reactor,

I have over thirty years experience in analysis and design of electronic,
electro-mechanical, mechanical, human factors, chemical and computer systems,
as well as combinations thereof, My previous employers include:

Los Alamos 3cientific laboratory, Los Alamos, New Mexico =-- 1946-7,
design and construction of electronic equipment

U.3. Naval Air 'issile Test Center, Point Mugu, California =-- 1949-50,
conducted and evaluated missile flight tests

University of Cal ifornia, Berkeley--1950-56
1950-54, teaching assistant. in Engineering Lepartment
1954~56, Project Enginner, in charge of operation of the
Cosmic Ray Laboratory

Energy 3ystems (formerly Levinthal Electronics), Falo Alto, California -- 1956-68
Jenior Project Engineer for design and safety of high voltage,
high power pulse modulators.

Hoffman Electronics Corporation == 1959 to 1961
Consultant in the Communications Systems Department

University of Jouthern California =-- 1958 to 1961
Assistant Professor of Engineering

i'vghes Aircraft Company, Culver City, California -- 1961 to 1967
3taff Engineer for G&C Advanced 3ystems Laboratory

'RW 3ystems, Redondo Beach, California =-- 1967 to 1969
3enior Staff Engineer, ESD Systems Engineering lLaboratory

RAND Corporation, 3anta Monica, California -- 1969 to 1971
Senior Engineer in the Engineering Sclences Department,

From 1971 to the present I have run a consulting engineering firm which
specializes in safety engineering and systems avproaches to accident analysis,

I have published several hundred papers, reports, and intra-company documents.
Accident and Product Failure Analyses.(book). “Introduction to Accident,
3afety, and Forensic Engineering" (seminar),

I am a Registered Professional Safety Engineer, and a member of

I1.E.E.E., Pi Mu Epsilon, Eta Kappa Nu, 3igma Xi, and the Executive Board
of the Southern California Federation of Scientists,
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AN ASSESSMENT OF THE
CONSEQUENCES AND

PREPARATIONS FCR A
CATASTRCPHIC CALIFCRNIA
EARTHQUAKE:

FINDINGS AND ACTIONS TAKEN

PREPARED BY

FEDERAL EMERGENCY MANAGEMENT AGENCY
FROM ANALYSES CARRIED OUT BY THE
NATIONAL SECURITY COUNCIL

ad hoc COMMITTEE ON ASSESSMENT OF
CONSEQUENCES AND PREPARATIONS FOR

A MAJOR CALIFORNIA EARTHQUAKE

Washington. D.C. 20472
November 1980
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EXECUTIVE SUMMARY OF FINDINGS, ISSUES. AND ACTIONS

A. BACKGROUND

After viewing the destruction wroueht by the eruption of Mt St. Helens in
Washington  State in May 1980. President Carter became concerned  about the
impacts of a similar event of low probability but high damage potential, namely a
catastrophic earthquake in California, and the state of readiness to cope with the
impacts of such an even!

As a result of the President’s concern, an ad hoc commtiee of the National
Secunty Council was formed to conduct a government review of the consequences
of, and preparation for such an evenl In addition to the Federal Emergency
Management Agency, the Committee included representatives from the Office of
Science and Technology Policy, the United States Geological Survey of the
Department  of the Intenor, the Depantment of Defsnse, the Department of
Transportation, and the National Communications System, at the Federal level, State
of California agencies and Califormia local governments at the State and local levels,
and consultants from the private sector. Dunng the summer of 1980, the
participants in this review prepared working papers on relevant 1ssues and problem
areas_for the consideration of the ad hoc committee. Pertinent facts, conclusions and
recommendations were reviewed with the Governor of the State of Califorma. The
President reviewed the ad hoc committee’s findings and approved the
recommendations for Federal action. This report summanizes the results of the
assessment and notes these actions.

A number of Federal legislative and administrative actions have been taken to
bring about, in the near future, an increased capability to respond to such an event
The Earthquaks Hazards Reduction A of 1977 (P.L. 95124) authonzes a
coordinated and structured program 10 identify earthquake risks and prepare 10
lessen or mitigate their impacts by a variety of means. The coordination of this
program. the National Earthquake Hazards Reduction Program (NEHRP), s the
responsibility of the Federal Emergency Management Agency (FEMA), which 1s
charged with focusing Federal efforts to respond to emergencies of all types and
lessen their impacts before they occur The NEHRP has six high-pnonty thrusts

@ Overall coordination of Federal departments and agencies’
programs

e e — A . -
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e Maintenance of a comprehensive program of rescarch and
development for carthquake prediction and hazards mitigation

® Leadership and support of the Federal Interagency Commtlee
on Seismic Safety in Construction as i develops seismic design
and construction standards for use in Federal projects

® Development of response plans and assistance 10 State and
local governments in the preparation of their plans

® Analysis of the ability of financial institutions to perform ther
functions after a creditable prediction of an carthquake as well
as after an event, together with an exploration of the
feasibility of using these institutions 12 foster hazard reduction

® An examination of the appropriate  role of insurance
mitigating the impacts of earthquakes.

More recently, a cooperative Federal, State, local, and privatesector effort was
nitiated to prepare for responding t0 a credible large-magnitude carthquake, or its
prediction, in Southern Califorma

B, SUMMARY

The review provided the overall assessment that the Nation 1s essentially
unprepared for the catastrophic earthquake (with a probability greater than 50
percent) that must be expected in Cabforma in the next three decades. While
urrent  response plans and preparedness measures may be adequate for moderate
carthquakes, Federal, State, and local officials agree that preparations are woefully
inadequate to cope with the damage and casualties from a catastrophic earthquake,
and with the disruptions In communications, social fabnc, and governmental structure
that may follow. Because of the jarge concentration of population and industiy, the
impacts of such an earthquake would surpass those of any natural disasier thus far
experienced by the Nation Indeed, the United States has not suffered any disaster
of this magnitude on its own teintory since the Civil War

The basis for this overall assessment s summarized below and discussed 1n more
detail 1n the subsequent chaplers of this reporn
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C. LIKELIHOOD OF FUTURE EARTHQUAKES

agree on the inevitability of major earthquakes In

California. The gradual movement of the Pacific Plate relative to the North
American Plate leads 1o the incxorable concentralion of strain along the San
Andreas and related fault systems. While some of this strain 1s released by moderate
and smaller carthquakes and by slippage without earthquakes, geologic studies
indicate that the vasl bulk of the strain Is released through the occurrence of major
earthquakes—that 1s, earthquakes with Richter magnitudes of 7.0 and larger and
capable of widespread damage n a developed region. Along the Southermn Sen
Andreas fault, some 30 miles from Los Angeles, for example, geologists  can
demonstrate that at least eight major earthquakes have occurred in the past 1,200
years with an average spacing in time of 140 years, plus or minus 30 years. The
last such event occurred in 1857. Based on these statistics and other geophysical
observations, geologists estimate that the probability for the recurrence of a similar
carthquake 1s currently as large as 2 to S percent per year and greater than 50
percent in the next 30 vears. Geologic evidence also indicates other faults capable
of generating major earthquakes in other locations near urban centers in Califorma,
including San Francisco-Oakland, the immediate Los Angeles regon, and San Diego.
Seven pctential events have been postulated for purposes of this review and are
discussed in chapter 1L The current estimated probability for a major earthquake n
these other locations IS smaller, but significant. The aggregate probability for a
catastrophic earthquake in the whole of California in the next three decades is well

in excess of SO percent.

Earth scientists unanimously

D. CASUALTIES AND PROPERTY DAMAGE

Casualties and property damage estimates for four of the most likely
catastrophic earthquakes in California were prepared to form a basis for emergency
preparedness and response. Chapter 111 gves details on these estimates, Deaths and
injunes would ocecur principally because of the failure of man-made structures,
particularly older. multistory, and unreinforced brnick masonry buildings built before
the adoption of earthquake-resistant building codes. Expenence has shown that some
moderm muitistory buildings —constructed as recently as the late 1960°s but not
adequately designed or erected to meet the current understanding of requirements
for seismic resistance-—are also subject to faiure Strong ground shaking, which is the

cause of damage during carthquakes, often extends over vast areas. For
t which occurred in 1857, strong ground

damage) would extend in a broad stnp
about 250 miles long and 100 miles wide,
jes-San Bernardino metropolitan area, and all
po, and Kem counties.

primary
example, n an earthquake similar to tha
shaking (above the threshold for causing
along the Southem San Andreas fault,
and include almost all of the Los Ange
of Ventura, Santa Barbara, San Luis Obis

J
|



CHAPTER 11

GEOLOGIC EARTHQUAKE SCEN ARIOS

MAJOR EVENTS

For purposes

)t assessing  the consequences of 4 magor Califormnia earthquake,
wenanos for seven large earthquakes were developed. The scenarios
rarthquakes that
California. In each
carthquake that could occur on
there is a greater

could  severely
case they are

probability of

impact on the major population

lepict expectable

representative of only one possible

the indicated fault system. On

each

centers of
magnitude of
fault system

'ne or more damaging earthquakes of somewhat
smailer magnitude than the postulated event. The postulated earthquakes are listed in

the following table
TABLE |
MAJOR CALIFORNIA EARTHQUAKES
Current
Annual Likelihood
Probability of
of Occurrence
Richter Occurrence in Next
Region Fault System Magnitude' (Percent) 20-30 Years
Los Angeles- Southemn
San Bernardino San Andreas 8.3 2.5 High
San Francisco Northern
Bay Area San Andreas 83 | Moderate
San Francisco
Bay Area Hayward 74 | Moderate
Newport- Moderate-
Los Angeles [nglewood 7.5 0.1 Low

(continued on following page)




TABLE |

MAJOR CALIFORNIA EARTHQUAKES

(Continued)
Current
Annual Likelihog
Probability
of Occurren
Richter Occurrence in Nex
Region Fault Svstem Magnitude ! (Percent) 20-30 Ye
— T
San Diego Ruse Canvon 7.0 0.0] Low
Riverside Moderate
San Bernardino Cucamonga 6.8 0.1 Low
Los Angeles Santa Monica 6.7 001 Low
"This is the es mated largest magnitude earthquake expected at a4 reasonat
level of probability The main shock

can be expected 1o be followed by |a
weeks of longer. Fach large aftershock would
additional sigmificant damage and hampenr

dftershocks over a period of
capable of producing

¢ disaster assistan
operations

These earthquake scenarios represent the largest magnitude events estimated
the basis of a varjety of geologic assumptions. The appropnateness of the
dssumptions depends on the intent of the analysis and the state of geolo
knowledge herefore. the resulting  estimates may not be appropnaie for oth
purposes, such as the 2(‘\*l(>;*rm'nl of seismig design cntena for a specific site. Tb

commonly requires detailed analyses of the site and
immediate geologic environment bevond the <ope of this report
letaried site analvses may require modification of the
report, particularly fault sy stems other than the

development of such criteria

Consequently
conclusicns reached 1 1k
San Andreas and Hayward faults

B GEOLOGIC EVINDEN( E

Some of the possible carthquakes |isted

are  repeat occurrences of histonca
events, others are not. but seologic evidence indicates that earthquakes occurred
these [aults belore settlement of

210n. Based on available data, the

the

J postulated

earthquake magnitudes would be id be expected at

the largest events




reasonable level of prohability They represent a selection of events useful for
planning purposes, but are by no means the only such cvents likely to occur either
on these or other fault systems.

The historic record of seismicity in California 1s too short to determine
confidently how often large earthiquakes reoccur. Information on past earthquakes
must be gleaned from the geologic record and therefore, presents a picture of past
seismicity that s incomplete and not vet fully deciphered. Current knowledge about
the recurrence of Jlarge earthquakes on specific faults s rudimentary. The
probabilities of occurrence shown above are order-of-magnitude estimates and subject
10 considerable uncertainty, especially for the less probable events

C. DESCRIPTION OF EVENTS

Following are brief descriptions of postulated events. Figure 1 gives their
geographic location

1. Los Angeles-San Bernardino/Southern San Andreas Fault (Magnitude 8.3)

For the past several thousand years, great ecarthquakes have been occurning
over a 300 km length of the San Andreas fault approximately every 100 to 200
years, 140 years on the average. The last such event took place in 1857. The
probability of occurrence of this earthquake 1s estimated 10 be currently as large as
2 to S percent per vear and greater than 50 percent in the next 30 vears. The
fault skirts the edge of the Los Angeles-San Bernardino metropolitan region, thus
most of the urbanized area lies further than 20 miles from the source of strong
shaking. Because of the distance. shaking would be more hazardous for large
structures than for one- to two-story houses. The long duration of shaking could
tngger numerous slides on steep siopes and cauce liquefaction in 1solated areas.

2. San Francisco Bav Area Northern San Andreas Fault (Magnitude 8.3)

A repeat occurrence of the 1996 earthquake, in which the San Andreas
fault broke over 400 km of its length, would cause severe damage to structures
throughout the Bay Area and adjacent regions. The extensive urban development on
lowlands and landfill around San Francisco Bay would be especially hard hit and
liquefaction in many of these areas would intensify the damage to structures erected
on them




3. San Francisco Bay Arca Hayward Fault (Magnitude 7. 4)

The last large events to occur on this fault were in 1836 and 1868 Shou
a major ecarthquake occur, severe ground shaking and liquefaction is expected
cause damage throughout the entire circum-bay area nearly as severe as that resultin
from a 1906-type earthquake on the San Andreas fault. This earthquzke would
of particular concern because of the many dams located along or near the fault

4. Los Angeles/Newport-Inglewood Fault (Magnitude 7.5)

This earthquake would be a serious threat to the nearby, dens iy-populate
areas of Los Angeles. Shaking would cause extensive structural damas throughoy
the Los Angeles Basin and liquefaction near the coast would add stull mo
destruction

5. San Diego Area/Rose Canyon Fault (Magnitude 7.0)

This fault-a segment of an active zone of faults extending from th
Newport-Inglewood fault to Northerm Mexico-would present the greatest earthquak
rnsk to the San Diego area. Severe damage due to shaking and liquefaction could !
expected in the coastal areas. Because of unstable sea-bed sediments in the offsho
area, local tsunamis (tidal waves) are possible.

6. Los Angeles/Santa Moenica Fault (Magnitude 6.7 and 7.0) and
Riverside 'San Bernardino/Cucamonga Fault (Magnitude 6 8)

These faults are part of a system of ecast-west tending faults bordenng th
northem edge of the Los Angeles basin. This fault system caused the 1971 San
Fernando earthquake and 1s geologically similar to the system that generated the
large 1952 Kern County earthquake. Although smaller in magnitude than the
earthquakes previously descnbed, these postulated events are potentially quite
dangerous because of thewr wicimty to high population densities in Southem
Califorma

D. EARTHQUAKE EFFECTS

Detailed maps were prepared for each event showing qualitative estimates of
ground shaking intensity resulting from each earthquake. These estimates are
indicative of the general severity of damage to ordinary structures Empirical
formulae providing quantitative estimates of peak ground motion at vanous distances
from the postulated earthquakes were developed for use in the effects of severe
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The techniques for calculating flow characteristics in the channels
downstream from the dams studied are fairly reliable, although some simplify-
ing assumptions have been made. It is worth noting that the calculations of
consequences of dam failure have been compared .n one case to the actual
observations of flood waters resulting from dam collapse. The St. Francis
dam failed in 1928. A wall of water 125 feet high was reported traveling
down the canyon beneath the dam. The water wall was 78 feet high 10 miles
downstream from the dam. Calculations of the water height at the dam and at
7 miles downstream, using the methodology developed in this study,
values of 130 feet and 85 feet, respectively. This agreement with observa-
tions is considered excellent, and provides support for the calculation
technique used.

The consequences of dam failure, ir terms of mortalities and property
damage, are therefore forecast with an implicit error band. These calculated
consequences are predicted on the assumptions made regarding earthquake fre-

quency and intensity, and dam behavior. The conclusions should therefore be

regarded as mainly illustrative and very tentative.
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7. COMPUTER PREDICTION OF EARTHQUAKES IN CALIFORNIA

BY FAULT THEORY

7.1 Introduction

In an attempt to estimate the seismic risk of an earth dam, one has first
to estimate the earthquake intensities and their corresponding probabilities
at the dam location. Secondly, one also has to decide what minimum intensity
of earthquake leads to a complete failure of an average dam or any specific
dam. For the latter task, one can apply some sophisticated methods such as
finite element analysis to obtain the structural response of a dam, which pre-
sumably can predict the load at which the dam will completely fail. However,
since the current state of the art of predicting earthquake probability
involves a much greater degree of uncertalnty,l it may not be well justified
to do too many elaborate calculations for the second task. It seems to be a
reasonable alternative that one can rely on experts and experienced engineers'
opinions on the minimum intensity which will lead an average earth dam to a
complete failure.

In a paper on "Foundations and Earth Structures in Earthquakes",2 Duke
indicates that the minimum intensity of shaking to produce damage to the older
dams appears to be about VII on the Modified Mercalli scale (see Table 4).
However, only two out of eighteen cases which Duke had considered were com-
Pletely failed. The complete failures resulted in the emptying of the contents
of the dam reservoirs (one at intensity VIII, another at IX). 1In all cases of
damaged dams, the dams were constructed without the use of modern compacting
control techniques. The minimum intensity for failure could probably be

assumed to be somewhere about VIII or even greater,
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Table 4

MODIFIED-MERCALLI INTENSITY GROUND
ROSSI-FOREL INTENSITY SCALE SCALE(1930),WO0D AND NAUMANN ACCELERATION
(1883) 1 s
1 Detected only by sensitive cm a
instruments. sec B

1 The shock felt only by ex- I1 Felt by a few persons at
perienced observer under very rest, especially on upper -2 -
favorable conditions. floors; delicate suspended

- - objects may swing -3 -

X FRik Ny @ S peegin. ot Test, 111 Felt noticeably indoors, but -
recorded by several seis-
mogzaphs. not'aluayl recognized as a -4 005g-

4 quake; standing autos rock -5

111 Felt by several people at slightly, vibration like -6 N
rest; strong enough for the passing truck. -7 -
duration or direction to be IV Telt indoors Uy many, out= -8
appraciabls, doors by a few; at night -9 .01g~

IV Felt by several people in some awaken; dishes, win- -10
motion; disturbance of dows, doors disturbed; motor
movable objects, cracking of cars rock noticeably.
floots. V  Felt by most people; some

v Felt generally by everyone; breakage of dishes, windows, |-20 -
disturbances of furniture, and plaster; disturbance of -30 K
ringing of some bells. tall objects.

V1l General awakening of those VI Felt by all; many frightened -
asleep, ringing of bells, and run outdoors, falling -4n .05g-
swinging of chandeliers, plaster and chimneys; damage|-50 -
startled people run outdoors. small. -60 -

V11 Overthrow of movable objects, [VII Everybody runs outdoors,dam- :;8 -
fall of plaster, ringing of age to buildings varies, de- -30 -
bells, panic with great dam- pending on quality of con= | .o 0.1g-
age to buildings. struction; noticed by driv-

VIII Fall of chimneys; cracks in ers of autos.
walls of buildings. V1IIPanel walls thrown out of %

- frames; fall of walls, monu-|-200

IX Partial or total destruction

ments, chimneys; sand and
of some buildings. mud ejected; drivers of =300 )

X Great disaster; ruins; dis- autos disturbed.
turbance of strata, fissures, -
rockfalls, landslides, etc. . 2:1;:;:%‘:::2£::? 2§§°£:un -400 ey

out of plumb;ground cracked.|-500 T_
underground pipes broken. -600 )

X Most masonry and frame :;gg -
structures destroyed; ground -
cracked; rails bent, land- ~500 1~

-1000
slides.

XI New structures remain stand- .
ing; bridges destroyed; -2000
fissures in ground; pipes
broken; landslides; rails -3000 -
bent.

hf:glamage total; waves seen on i--OOO -
ground surface; lines of 1 SR~
sight and level distorted; |-SOOO E
objects thrown up into air. 1-6000 )
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where
£ s3
u=3 ¥ wu , (feF; sgesG) (12)
i]
i ]
with the summations extending to those segments and faults which are effective
at that particular location. The effectiveness of each segment of any fault
is to be determined by equation (7).
The probability of earthquake at any location in California with inten-
sity greater than or equal to s up to time t is
PS> 8, t) = 1 - o MEQ = Gle)) (13)
As analogous to equations (2) and (3), the expectation of recurrent time
is

1

8Tisl = oo 6N

(14)

7.3 Discussions on Some of the Code Outputs

Although the first recorded earthquake in the United States was as early
as 1536,1 abundant instrumental data are only available after 1905.5'9
Thus the relatively short historical record of seismicity in the U.S. may not
encompass a long enough time period to represent the true secular seismicity.
Predictions based on data obtained under such conditions can only provide a
relative earthquake risk guideline.

The conditions of the soil which overlays the bedrock at the site play an
important role in the severity of shaking on the ground surface.9 Soft soil
sites usually shake more severly than rock sites. This was demonstrated in
the 1906 San Francisco earthquake. Ttructural damage was consistently greater
for buildings erected on filled land, whereas on the higher bedrock hills, dam-
age was much less, even in areas closer to the earthquake :enter.ls In general,

damage is greater on soft, weak ground, but there are some evidences of an

inverse relationship in the case of rigid structures due to soil dynamic
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amplification effects.16 In the computer code, it assumes firm soil throughout
California for simplification. The firm soil corresponds approximately with
ire to medium grained sand in San Francisco area and with marine te.race
deposits in the Los Angeles region.9 For an extra-soft soil site, such as
artificially filled sites, the probabilities against intensities probably
should be modified upward one unit on the Modified Mercalli scale (for
example, the probability of intensity X of an extra-soft site may actually
correspond to the probability of intensity XI). On the other hand, for extra
firm soil such as igneous, metaigneous, granite and metamorphic rock, the pro-
babilities against intensities probably should be modified downward one (or a
fraction more) units on the Modified Mercalli scale (i.e., for extra firm site,
the probability of intensity X, for instance, becomes probability of intensity
IX or a fraction lower).

Some sources on predicting earthquake recurrent times for a few locations
in California provide a check against some parameters such as the soil condi-
tion used in the computer code.

A. The Borrego Mountain earthquake of April 9, 1968 was believed to be
a 200-year evevt.l7 The ground acceleration was estimated at about 1 g which
roughly corresponds to intensity x.la The magnitude was 6.4. The computer

predictions are

Intensity (MM scale) Recurrent Time (yr.)
IX 29.11
X 59.06
X1 167.48

This comparison shows that if the prediction of the reference is valid,

the intensity scale of the computer predictions should be lowered about one




nit, (i.e., the expectation of the recurrent time for intensity X is about
67.48 years).

3. Reid19 predicted that about every 100 years an earthquake of April

8, 1906 intensity will repeat at San Francisco. The maximum intensity of the

.996 San Francisco earthquake was kI.zo The corresponding computer predictions

ire
Intensity (MM scale) Recurrent time(years)
X 43.68
XI 143.55
XII 893.27

The prediction for intensity XI seems to be in a reasonable agreement with
leid's. However, as discussed above, the most severe shaking occurred at the
site of filled land which is about one intensity scale softer than what was
issumed in the computer code. In other words, compared with Reid's prediction,
che computer code alsc predicts that 1906 Sen Francisco earthquake is roughly
i+ 100-year event p;ovided those parameters used in the code can be considered
is of soft scil instead of firm soil.

The February 9, 1971 San Fernando earthquake is generally believed
"0 be a 200 year event. The intensity at Van Norman Dam was IX. The computer

-ode predictions for Van Norman Dam are

Intensity (MM scale) Recurrent time(years)
IX 68.58
X 205.49
XI 36861.80

This comparison shows again that if the intensity scale of the computer

-°de 1is lowered by one unit, the prediction for intensity IX at Van Norman Danm

Locati 3 )
’Cation then seems more reasonable.
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D. At the San Onofre nuclear power plant site, the intensity and corre-
£
sponding expectancy of earthquakes and the computer predictions are listed

below:

INTENSITY (MM SCALE) RECURRENT TIME (PRED.) RECURRENT TIME (COMPUTED)

VIII 100 years 49,40 years
IX 600 years 173.96 years

X 1081.50 years

Again, the comparison sho that there is about one unit (or slightly
more) difference in the Modified Mercalli Intensity Scale between predictions
by the computer code and deduction from historical records,

In summary, the computer code based on the fault theory does estimate

the relative seismic risks. The parameters assumed for firm soil are more

likely associated with a softer soil (about one intensity scale unit differ-

ence). The probabilities associated with various earthquake intensities
should therefore be modified according to the softness of the soil at the
the earthquake site. Keeping these observations in mind, we see that the
computer code used herein seems to be a convenient and useful tool that pro-
vides a general estimate of the earthquake probabilities in various large
regions of California.

Table 5 shows the computer predictions for some earthen dam sites in
California. Their locations are indicated in Figure 1.

It is believed that the uncertainties in the predicted recurrence inter-
vals are greatest for the largest earthquakes, e.g., MM X, for which little

empirical basis exists.
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TABLE 5 (Continued)

EARTHQUAKE PREDICTIONS FOR SOME EARTH DAMS IN CALIFORNIA

- . '
INTENSITY RECURRENCE TIME (YR)

Encino VIR = i o » 10
VIII— _ _ X 10
» P . 10
: 102
XI ¥ : 103

Mulholland VII—- o __ 0. 10
Vil . : 10
X~ —  _ - 10
X~ — _ : 102
X1 . 103

San Leandro




-
Duke and Egouchi“a gave the following estimates of MM intensities for

four of the dam sites of this study as follows:

Dam Name Intensity Prob./Yr.
Van Norman ViII >0.1
IX 0.053
X 0.0080
Stone Canyon VIII 0.051
IX 0.019
X 0.0086
Chatsworth VIII 0.064
IX 0,026
X 0.011
Encino VIII 0.092
IX 0.032
X 0.014

Some basis for comparison between history and the predictions of Table 5
is available. There are 30 hydraulic filled dams in California, one of which
currently contains no water, and one has failed. Many of them are restricted
to levels well below the spillway. These dams have operated for a total of
1,794 years, One dam failed due to the 1971 San Fernando earthquake after 50
years of operation. One earth dam, which is not included in either Duke's or
Sherard's survey, failed in 1963 after 12 years of operation, not the result
of an earthquake but due to settling. This dam was a model of modern design
and construction. Four and a half hours of notice was available before this
failure and evacuation began two and a half hours before the failure. Five

people died with an estimated property damage of approximately 15 million

dollars.
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SAN PABLO

LAKE CHABOT LOWER SAN LEANDRO
SAN ANDREAS

VAN NORMAN

LOWER FRANKLIN
STONE CANYON

CHATWORTH
ENCINO

Figure 1 Some Earth Dams in California.

34

s




8. EFFECTS OF EVACUATION ON MORTALITY PREDICTION
8.1 Introduction
The procedure for estimating the effects of evacuation entails initially
assuming a particular shape for the evacuation rate histogram. This assump-
tion of the shape is largely based on experience. Figure 2 indicates such
a histogram. Based on this, by a numerical integration, an "Integrated

Histogram," which predicts the cumulative percentage of the total population
evacuated in each hydraulic reach as a function of time, can be obtained.
Figure 3 is the integrated histogram. To compute the percent of people
evacuated, it is now only necessary to determine the wave head position as a
function of time. Through the use of the equation V__ = {Qav/(A@yn)}, the
average wave velocity in each hydraulic reach can be calculated, and hence
the wave head position at any specified time can be determined.

In this study, it will be further assumed that the time in which the
people in a given hydraulic reach must evacuate is determined solely by the
time taken by the wave head to arrive at the middle of such a reach. This
assumption results in a time averaging over the reach lengths. -

Finally, with a knowledge of the time taken for the wave head to arrive

at the middle of any given hydraulic reach and the percentage of the popula-

tion that can be evacuated from there in the same length of time, an estimate

of the number of people evacuated may be made. This estimate is merely the

Product of the number of people in the reach and the percentage of population

which can be evacuated in the available time. The mortality number can now

be obtained by subtracting the above estimate from the actual number of

Pecple living in the area defined by the chosen hydraulic reach. Since there

_&

exists a possibility that fewer people are present in the area during the day~-

(5

< - . » 3
iZe as compared with the nighttime, the results for the number of people
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Flood Plain Below the Stone Canyor
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RONALD REAGAN, GOVERNOR

GOVERNOR'S EARTHQUAKE COUNCIL 772"

&
ROOM 1115 RESOURCES BUILDING + 1416 NINTH STREET « SACRAMENTC 95814 ‘L@‘

)

Septemoer 30, 1974

The Honorable Ronald Reagan

Governor, State of California
State Capitol ="
Sacramento, Califormia 95814

Dear Governor Reagan:

The Second Report of the Governor's Earthquake Council —_
is transmitted herewith, It contains a summary of the progress
that has been achieved on the 26 recommendations that were set
forth in the first report of the Council submitted to you
November 24, 1972. e

Since 1its appointment by you in January 1972 your Earth-
quake Council and its several committees, subcommittees, and task -q
forces have identified the major earthquake-related problems that .
beset California and have implemented activities aimed to alleviate b
or eliminate them, The Council hds worked with the Legislature's
Joint Committee on Selsmic Safety toward this end. Considerable ot
progress has been made, but the mission is by no means completed.
Earthquake preparedness is a never-ending responsibility.

In the last few years rapid strides have been taken in
the advancement of earthquake engineering, and serious attention
has been focused on socloeconomic problems relating to future
disasters in the State. These advances were stimulated by the
San Fernando earthquake of February 9, 1971, which was particularly
distressing not only due to the death and destruction wrought but
also because of the realization that this was a comparatively mild
shock (magnitude 5,4, Richter scale) by comparison with the great
historical Califormia earthquakes such as the 1357 Tehachapi and
1906 San Francisco temblors, both of which are believed to have
exceeded magnitude 3 on this same scale., Great earthquakes will
occur again in Califormia at times presently unpredictable,
Because of the increased population and consequent developments,
more people and facilitles will be exposed to thelr ravages.
Therefore, a continuous effort to increase our preparedness for
these future events must be sustained., This effort deserves our
support.,

0

Sincerely yours,

- o - .
James G, Steams

Chalrman
Enclosure



INTRODUCTION

Following the disastrous San Fernando earthquake of
February 1971, Governmor Ronald Reagan created the Governor's
Earthquake Council, which he charged with responsibility for
preparing recommendations of whatever kind for reducing losses
in future Calirormia earthquakes.

The Council has consisted of 35 members representing
federal, state, and local agencies, universities, and representa-
tives of the public and private sectors. The tasks of the Council
have been determined and directed by a Steering Committee composed
of representatives from the interests noted. Working committees on
Research and Investigation and on Preparedness and Response (see —
organization chart) considered the needs for further research in
the flelds of selsmology, engineering, and geology and proposed
procedures for reducing earthquake hazards in structures and imcrov-
ing response to earthquake emergencies. o

Through the efforts of these committees the First Report
of the Governor's Earthquake Council was distributed in November
1972. That report consists of 26 major recommendations for reducing
earthquake losses, Recommendations 1 through 14 were developed
primarily by the Research and Investigations Committee and Recom-
mendations 15 through 24 by the Preparedness and Response Committee,
Recommendations 25 and 26, which conceim the term of the Governor's
Earthquake Council and consideration of a successor body, were
originated by the Steering Committee. All 26 recommendations were
approved by the Governor, who issued instructions that steps be
taken to assure their implementation,

‘,l

Lty

Recommendation No, 1 of the First Report called for the
creation of a coordinating body consisting of representatives from
state agencles and universities to assist with the implementation of
the remaining recommendations. The Governor's Interagency Earthquake
Committee was appcinted for this purpose., A number of task forces
and subcommittees were also formed to consider specific recommenda- ]
tions (see table of organization).

The Second Report of the Govermor's Earthquake Council
was assembled by the Committee frum reports submitted to it by the
working groups, t consists of abstracts of these reports and
contains for each recommendation a brief introductory statement, a
review of progress achieved during 1973-74, and a summary of pro-
posed future actions. The complete reports of the task forces and
subcommittees upon which these abstracts are based are preserved
in Sacramento in the flles of the Committee,

N
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Three people were killed at this facility and damage

estimated at about $60 million.

Research programs are now proceeding with the chjectives

of developing better understanding of the ground motfcns that

during severe earthquakes and improving the seismic criteris
for designing structures to withstand them.

Plans submitted for all new hnspitel: in California
must be accompanied by a report which evaluates geclogic hazard
including seismic history of the sites pr”?""‘7 These report:
are prepared in accordance with guidelines published by CDMG,

(Photo courtesy CDMG)
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SAN FERNANDO DAM, LOS |
(neccumendation No.

inis dam, which was severely damaged during the San Fernando
. earthquake of February 1971, is t,01~31 of uhe hydraulic fill dams
which were constructed between 1870 and 1935 The susceptibility
of this type dam to liquefaction during an earthcuake is clearly
evident. As a result of the near failure of Lower San Fernando Dam.
DWR hes required the owners of each of 29 such dams in the State
Lo conduct dynamic stability analyses. 1In general, although all
3tudies have not been completed, those dams in the Sierra Nevada
have been found satisfactory; whereas rost of those in the coastal
arcas, where selsmic expectancy is greater, have been found deficient.
Removal, repair, or replacement is b ingz considered for the
potentially unstable structures. (Photo courtesy DWR)
1 S
| - z T S —
P / -
: TS S
i
- ’ -—1‘7'}'

A"

R



51

HTERCHALGE FOLLOWING THE SAN FERNANDO EARTHQUAKE
OF FEBRUARY 9, 1971--AN AERIAL VIEW
(Recommendation No. 2)

Critical facilities such as this severely damaged highway
interchange must be cleared and service restored a&s rapidly as
possinle after an earthquake. Technical studles must therefore
tegin immediately before useful data are obliterated by the emer-

gency operatic

Recommendation No. 2 provides for expeditious and roor-

information.
Civil Air Patr
notice therebv
could e dexzt

conduct on-sgite

rihauake investigation and prompt dissemination of
Arrangements have been made with the California
ol, Lo provide aerial photographic surveys on short

Wing,

preserving observations of damaged facilities which
yed before ground parties have an o portunity to
examinations. (Photo courtesy DWR
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ABSTRACT

The Newport-inglewood structural zone trends narthwesterly from Newport Mesa to the Cheviot
Hills along the western side of the Los Angeles basin. This belt of domal hills and mesas, formed by
the foiding and faulting of a thick sequence of sedimentary rocks. is the surface expression of a major
zone of deformation

Near-surface fauits associated with the uplifts act as barriers to the flow of ground water across
the zone. The level of the water table east of the zone is thereby raised. In addition, the barriers help to
prevent the contamination of the fresh water supply by blocking the intrusion of sea water.

Anticlinal upwarping of predominantly marine sedimentary rocks, combined with associated com-
plex faulting, prov:des traps for large quantities of petroleum and natural gas. The cumulative produc-
tion of more than a dozen oil fields along the zone exceeds 2.5 billion barreis of oil. Some of the fields
have been producing for 45 to S0 years.

The Newport-ingiewood structural zone, commonly referred to as the inglewood fault by
seismologists, 's seismically active. The largest and most destructive of the numerous earthquakes that
have occurred along the zone during historic time was the Long Beach earthquake of March 10, 1933.
The epicenter of this 6.3 magnitude shock lay offshore near Newport Beach whereas the aftershock
activity extended along *he zone northwestward to Signal Hill. Most of the 120 deaths and more than
$40 million in damage resulted from the failure of inadequately constructed butldings due to strong
seismic shaxking of the weak alluvial materiais upon which they were obuilt. Notaple among the lesser

Iscussed in this review are the 1920 Inglewood earihquake (4 9 magnitude), and some
during the 1940s with which was associated subsurface faulting that damaged oil wells in the
Dominguez and Rosecrans oil fields

"

SNNOCKS aiso ¢

No surface faulting along known faults has been observed resulting fram historic earthquakes
Surface geologic effects of earthquakes include: surface cracking of alluvial matenals due to lurching
or settling, development of mud or sand craters where water has been ejected during a shock; land-
slides or rockfalls from sea chitfs and roadcuts: elevation changes. both positive and negative;
changes in the level of the water table in weils; and disruption of structures built on or in the ground
such as pipelines, roads, and bridges ;

Differentia’ subsidence is associated with at least three of the oil tields along the zone; Inglewood
(totals about 56 feet); Long Beach (totals about 2 0 feet); and Huntington Beach (totals about 5.1 feet)
Surface faulting, in the form of earthcracks, appears to be related to subsidence in the Baldwin Hills
Failure of the Baldwin Hills reservoir in 1963 has been attributed to dizplacement across earthcracks

The en echelon arrangement of the uplifts along the zone, combined with ev.dence for right-lateral
strike-slip offsets along some of the longer exposed or near-surface faults, has led many to postulate
that the aligned structures are the resudit of deformation at depth along a through-going strike-slip
fault. First-motion studies of earthquakes tend to support the concept of a right-lateral fault at the
depth of origin of earthquakes Near the surface, however, the picture is complicated locally by
evidence for normal. reverse, and left-lateral fauiting

This paper contains speculations on the significance of the abrupt change n trend of the zone
north of Domingu ~hich leads to the inference that the Newport-Dominguez-Playa del Rey trend

may be the major structure with the Dominguez-Baldwin Hills reach considered an offshoot of it

ez Hill

The nature, extent, and direction of continuations of the zone beyond its known limits within the
LOs Angeles basin are discussed. Based upon the review of all information currently available, it is ten-
tatively concluged that the portion of the zone north of the Baidwin Hilis curves toward the west of the
Cheviot Hills il tieid ang is overridden by northward Jipping reverse faylts of the Santa Monica
Mountains frontal fault system

Southeast of Newport Beach where the Newport-inglewood structural zone trends out to sea, the
continuation of the zone can be inferred to extend as far south as Laguna Beach on the basis of the
locations of epicenters. Farther to the southeast, between Laguna Beach and Oceanside, recent in-
tensive subbottom protiling surveys reveal the presence of numerous fauits, one of which has been
Called the South Coast Offshore fault. This feature can be traced for 40 miles approximately coinciding
with the edge of ‘he continental shelf 2 to 7 miles offshore The known and interred similarities bet-
ween the onshore Newport-inglewood structural zone and the South Coast Offshore fault provide a

cogent argument for conciuding that the Newport-Inglewoaod @ does extend offshaore parallel to the

3 d Z

on
southern Catifornia coast and that the South Coast Offshore fault is a continuatian of the Newport.
Injlewood zone
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the "graphite stack can safely withstand the 0.25 G maximum earthquake
loading". The review also-concluded that vertical motion was unlikely to
dislodge the stack of graphite blocks and that large deformations in any
direction would be resisted by the biological shield.

The acceleration forces that should be applied to the ARGONAUT for
seismic analysis will depend on local conditions such as the distance
from the nearest fault. Therefore, it cannot be estimatea whether
0.2%5 g's ground acceleration would be conservative or unconservative.
However, if we assume an extreme acceleration of 1 g's, the maximum
compressive stress in the graphite is still less than one-tenth the
compressive strength., Because the blocks are not interlocked, tensile
stresses should not occur. There may be some chipping at corners and
abrasion from compressive shear, but these small changes in geometry
should not adversely affect the heat transfer,

d,
| e R R P R SR S S A AR .
The probability and extent of crushing cannot be predicted without
dynamic structural analysis. The dynamic analysis of the seismic.
response of an HTGR core (Ref, 1) that was completed at Los Alamos in
1975 is an example of the type of modeling needed to predict lateral
crushing. [t is interesting that the maximum impact force between
adjacent graphite blocks with a 1 g's horizontal base acceleration was
calculated as 0.3 MN (67,000 1b). . -

L A A R T S S B .

b A R, A N AR SRR MBS
e A RTINSO B T S DO N S WP N I TR

<A, | 0cks.  These components are interlocked and
supported by the reinforced concrete shield. Even though the concrete in
the shield may crack and spall, it is difficult to imagine that large
displacements could occur that would allow these interlocked components
to fail.

e T o P A TSI TO. H IANAARERA PT N
R T S R A VA N T P % S RN Y A T ISP NPT PR
g . Any crushing that takes place will tend to “squeeze the air out"
from between the fuel plates so that heat conduction to the surrounding

graphite will be improved relative to the uncrushed state.
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Seetion Sectinre
“:“""g" ENCLOSURY WATTS (ser WALLS)
equire - g )
SHalt Incinds Lt _ . o ENGINEERING REGULATIONS
SxC \ tatic : 2 FR1-
DRESSING ROOMS (Stages) ;::‘::\:,‘“‘,“:4’..,30::";;‘m. and retaining walls 2“3’":3;" ﬂ"
Construction of 2w Masonry (aquality and design) p- 24
Exits from ’ B 397 Reinfurced concrete (quality and design) .
Fire protection of : - 3sm Steel and tron (qusiity and design) .
Location of e o 3901 Wood tquatity and design) 8¢
DRIFTING, When not permitted . N o ENTRY, Right of
DRINKING FOUNTAIN, Requlired . €05. 705 ERFOTION
DRY CLEANING PLANTS Concrete forms T
- a Masonry wully Chijler =
Classified as - 10601 New bulldinge rn
Flammabtile liquids regulated ) . Yo Padio masts = 2
In Fire Zone Mo 1 1602 (c) Stasl ) ) ; C R
In Fire Zone No. 2 ; ) = 1507 ()
Steam fire-extinguishing apparatus . . o = 1008 FXCAVATIONS
< Ventilation of "t ian . 1008 General Detsils for 2y 202 Clajter 1"
o ;8 IPF ANDP Protection of e M
%k PIY STANDFIPFS (sce STANDPIPES) sy s R ERT LR WS %9 is
f" i EXHAUST VENTILATION (3o VENTILATION)
Enclosure of 33
Tl For ventliation of motion picture booths 4005 EXISTING BUILDINGS
‘.*’ Heating . . - 6105 (1) Additions, alterations. repalrs 14
b o DUMB- WAITER f\i Irlr‘nH':An tot Code to i"
- Construction of walls . - : 1706 DISERLS ;
- » ‘a8 . . ~ = b 5 Pery
DUTIES EXISTING OCCUPANCY, Continued use 14 fe
Hr Of Board of Appeals . ) o 204 FXITS .
) 1
§ Of Bullding Officials (see BUILDING OFFICIAL) . 202 gty TR AT _ -
3 ELLIN Number required 253
" ot 'ﬂl " s - Obstruction prohibited b« i B
Classified as Group 1 occupency... Sacoll ; 1 Panic hardware required 316, 3317, 3ME 3na
Definition of : ' E 405 Special requirements occupancies g 2317, v 13D
Minimum requirements before occupancy 1410 Width of 2
When construited on roof 1408 2501 '
EXIT 1L1GHTS ¥12
E EXPIRATION OF PERMIT 2 @
E—OCCUrANCIES : 1001 EXPLOSIVES, Stor ge 107
AR ! “SURE, ! t - 23 5
s FRE Caleuivtns for oy EXTFRIOR OPENING, PROTFCTION REQUIRED
EARTHQU » L ES, Provisions for mz Because of location In Fire Zone 16m. 180
CCENTRIC LOADS Recause of location on property e 1 L
'l: reinforced )cv»‘n):‘re{r Mty Because of Type of Conctruction (see TYPES OF
In stec! ‘ . ' 2703 CONSTRUCTION)
FGRESS (see Chapter 31 FXTERIOR STATRWAYS . 3%
FLECTRIC RANGES AND HOT PLATES (see CLEARANCE) EXTERIOR WALLS
28 ELDING . G Construction of (see LOCATION ON PROPERTY.
FERCTRIC. SELNIG e WELDII) TYPES OF CONSTRUCTION, WALLS)
FLEVATOR SHAFTS (see VERTICAL OPENINGS)
EMERGENCY »
Controls for proscenium curtain ) 4!243
Exits for occcupancies . Chapter 2 - -
ztplrur for motion picture booth openings 4003 “l“ F—OCCUPANCIFS S-EX v - ne
! -
ol o AR B - o FARRICATON, APPROVED , 35 (c), 4
ENCLOSURE OF VERTICAL OPENINGS (sce OCCUPANCY. FACTORIES
TYPES OF CONSTRUCTION, and STAIRS AND EXITS) Moderately hazardous (see GROUP F) S0
Construction requirements 1706 Nonhasardous (see GROUP G) ‘ 12
Fire-resistance required = g 17
Yor elevators 2 ) ) ) a2 FAMILY, Definition of - . L
For stairs and ramps : ) ) ) . 3308
Miscellanrous openings o o ROk ] FEFS
Required when S 06, 3301, 108 -
(See also Occupancy 06 Sections) l‘,'f::l”.'."::“l::: required, when .. ) “3
Smokeproof enclosure, when ’ . 3309 For buliding perinits 2R z 23
Througn occupancy eeparations, when . " 803 (<) For rencwal of permit ) =2 (4
378 379
_ = 1 : A L . % i = S, e i
TP AP e TS 3 N T SO g SeipneT ™ ks 15
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Seeflons 2305-2307

Roof
Loads
(Cont'd.)

Reduction
of Live Loads

Wind
Fressura

UNITORM BUII MING CODF

When the form factor, a
- , A8 determined by wind tunnel tests
::ar(;:h:»; ::g:)f:lzl-d m(-tthods. indicates vertical or hunmnﬁl
: sser or greater severity than those pr(\d!l('l.‘d b
the Joads hvrym specificd, the roof structure may be 'dr)r
signed accordingly — -
Snow load, full or unbalanced
» als rd, or wind load shall be con-
::d:ed in place of loads as set forth in Table No. 23-B :\;1::'9
ich Joading will result in larger members or conmections

Sec. 2306. The followin i it I
{ . g reductions in unit live loads as
:;; i’oor‘!:}":ir:]gan?;leﬂrrlo, 23-A’for floors shall be permitted in
sig rolumns y
s o BB , plers, walls, foundations, trusses,

FExcept for places of public assembly, and exe i

2 ! Ny, ept for Z
:3;:::1‘ ;r;rent: r than 100 pounds per square foot, the 3w.-«i,:n ::::
h“ﬂ (,1'::.'!")' member supporting one hundred and fifty square
o 50 =q. ft.) or more may be reduced at the rate of
'.’ g»er cert per square foot of arca supported by the
member. The reduction shall not exceed 60 per cent nor
R" as determined by the following formula:

D
R=231( 14— )
l‘
WHERRE

R—=Reduction In per cent

D=Dead loa:
mﬂ:’gp:’ per square foot of area supported by the

L=Unit v
;mm;:;md per square foot of area supported by the

For storage live loads exceedin

! g £ 100 pounds per s
foot, no reduction shall be made except that df‘sigl‘l lh-ol}(l::(‘;:
on columns mav be reduced 20 per cent. o

Sec. 2307, (a) General. Buildings and structures and every
puition thereof shall be designed and constructed to resist
the wind pressure as specified in this Section. All br:u'.h;r
systemns hoth horizontal and vertical shall be designed ami
constructed to transfer the wind loagds to the foundations.

(b) Wind Pressure. For purposes of desi

. Fo sign the wind pres-
sure shall be takqn upon the gross area of the vcr';ical
projection of bulldings and structures at not less than 15
tp;:unds per square foot for those portions of the huilding less
20.;;!:(}: feet (60') above ground and at not less than

per square foot for those tions

sixty feet (60') above ground. portions moare than

The wind pressure upon roof tanks or other expo
structures and their supports shall be taken :\: :\:tp(l:‘::l lr:'?;
30 pounds per square foot of the gross area of the ;vl.:u.n.o !\;r-
face, acting in any ditection In calewlating the wind pr(-%uro
on circular tanks, towers, or stacks this pressure rhz{ll be
assumed 1o act on six-tenths of the projected avea. ‘

[(For roof signs, see Chapter 62

26

1OS ANGELES COUNTY Sortions 2307-2917%
On open-framed structures the area used in compuiitg Wind

wind pressure shall be one and one-half times the net area P'ressure

of the framing members exposed to the wind. (Cont’d.)
Greenhousrs, lath houses, and agricultural buildings shz’l

he designed for a wind pressure of not less than 10 pour °3

per square foot.

(¢) Design. The overturning moment calculated from tre
wind pressure shall in no case exceed two-thirds of ine
dead Joad resisting inoment.

The weight of carth superimposed over footings may
used to calculate the dead load resisting moment,

‘e

(d) Combined Wind and Live Loads. For the purp-s2
of determining stresses all vertical design loads except the
roof live load and crane loads shall be considered 28 act'"g
simultaneously with the wind pressure.

Sec. 2808. The live loads for which each floor or part there- Live Loads
of of & commercial or industrial building is or has teen 2o Posted
signed shall have such designed live loads conspicuorsiv
posted by the owner in that part of each story in w hich trey
apply, using durable metal signs, and it shall he uniawfu o
remove or deface such notices. The occupant of the bu I-
ing shall be responsible for keeping the actual load be"w
the allowable limits.

Sec. 2309. Retaining walls shall be designed to recist *he Retalning
lateral pressure of the retained material in accordance © *h Walls
accepted engineering practice. Walls retaining drained €224
may be designed for pressure equivalent to that exerted oy
a fluid weighing not less than 30 pounds per cubic foot and
having a depth equal to that of the retained earth. Any sir-
charge shall be in addition to the equivalent fluld press.re

¥ ooting
Design

Qee. 2811. Walls and structural framing shall be ere-*ed Walls and
true and plumb in accordance with the design. Bracing =nall Structural
be placed during erection wherever necessary to take care of Framing
all loads to which the structure may be subjected PEIS =

Sec. 2312, (a) General. Every building or structurs 2ad Lateral
every portion thereof, except Type V bu ldings of Gro.p 1 Bracing
occupancy which are less than twenty-five feet ‘259 In (Earthquae
height, and minor accessory buildings, shall be designed and Regulstions)
constructed to resist stresses produced by lateral forces as
provided in this Section Stresses shall be calculated as the
effect of n force applied horizontally at each floor or roof
level above the foundation. The foice shall be assumel to
come from any horizontal direction.

All bracing systems both horizontal and ver*ical gall
transmit all forces to the resisting members and £hall ta of
sufficient extent and detail to resist the horizortal fo-ces
provided for in this Section and shal! be located symir «iri-
cally about the center of inass of the building or the bulling

See. 2910. See Section 2800,

9
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Sectlon 2312

I.ateral
Rracing
(Cont'd.)

UNIFORM BUILDING (CODE
TABLE NO. 23-C~HORIZONTAL FORCE FACLORS

PAKRT OR PORTION ' VALUE OF ¢ i lt‘»:""l;'"lil".}J
: r Oy

Floors, roofs, columns, and

bracing in any story of] 10.60) | Any d

a building or the struc- Nt 4 e 1¢ m-'.'”“ thn

Rty i Joo e 2 - 4% i horizontally
Extenior bearing and xn«-\f:r . _ o I

beanrg walls, interionn .

bearing walls and parti [0.20] !

Lions ¢ g f
ms, anterior non-bear-|Withaminimun

alls t b Norm:
ing walls and partitions of five pounds mal to

smface

oY% , e y

’ﬂ er ten feet (10) inf per square foot | of wall
eight, masonry fences -

Gver  six feel (6) in

height |

Cantilever  parapet and 7—-Num"l'f
L4 1 0w

other cantilever walls I
s, 1.00 i f:
. except retaining walls . s | ::‘tnfw.‘.:‘\l‘;
Exterior :m-l in'ermr;r“ : I .A"i'
rvz‘:irv;n;‘nm!mns and ap- [100] | 'luo':l)iun
pendages "
. v_p_ e l horizontally
When connected to or a ke
part of a building: tow-
ers. tanks. towers and o Any
tanks  plis  contents t0-20) | , direction
chinuneye, smokestacks, | horizontally
and penthouses. 1’ !
Tanks, nlo\"\lodr - tt'mk;" -
smokestacks, stand- " A
pipes, and similar strue [o.10] - | dim:"!}mn

tutes not supported by

a building. ! horizontaliy

! i

s\ here wind load ne e
& e 3 oad ne sot forth in Sectin e .
higher stregses, this load shall be need in l:":: .Tf';‘h--“(..:l;.’.r'r; b
.- Fhiow

.' N 18 number of stories above ths stery
lr‘"\.;‘-lrl that for finors or horizontal ",:mv ¥
number of stories contributing losds.

shall be designed for the resulting
i g oo 1 rotational forces ahout
(b) Horizontal Force Formula. In determining the hort

zontal for
e orce to be resisted, the following formula shall be

undor consideration
N =1l be anly the

WHERE b

“F" equals the horizontal force in pounda,

"W equals the total d i
s ead load, tributary to the point

tnt‘;‘l‘(:i}::l"lo&;is: 1. For warchouses, “W" shull equal the
g e ond plus 50 per cent of the vertical design
ad tributary to the point under consideration.

1.OS ANGELES COUNTY

2. For tanks, “W" shall equal the total dead 1oad plus
the total live load

Machinery or other fixed concentrated loads sheil 2 con-
sidered as part of the dead lead.

“C" equals a numerical constant as shown in Tabie No
23-C.

(¢) Foundation Ties. In the design of buildings of Typ«s 1.
11, and 111, where the foundations rest on piles or on s0il
having a safe bearing value ot less than 2000 pounds per
square foot, the foundations shall be completely inter-
connected in two directions approximately at right angiss to
each other. Each such interconnecting member shail be
capable of transmitling by hoth tension and compression at
least 10 per cent of the tatal vertical lond carried by the
heavier only of the footings or fonndations connected. The
minimum gross size of each such member if of reinforced
concrete shall be twelve inches by twelve inches (12° x 127)
and shall be reinforced with not less than the minimum re-
inforcement specified in Section 2620. 1If the interconnecting
members are of structural steel, they shall be designed as
provided in Section 2702. and encased in concrete A rein-
forced concrete slab may be used in lieu of intereonnecling
tie members, providing the slab thickness is not less than
one forty-eighth of the clear distance between the conracted
foundations: also providing the thickness is not less than
six inches (6").

Interconnecting slahs shall be
than eleven-hundredths square inch (.11 sq
per foot of slab in a longitudinal direction and the sam
amount of steel in a transverse direction The hottrm of
auech slab shall be not more than twelve inches (127) above
the tops of at least 80 per cent of the piers or foundations
The footings and foundations shall be tied to the slah in suc h
a manner as to be restrained in all horizontal ¢ r¢clions

foee

reinforced with not
in) of sted]

(4) Plans and Design Data. With each set of plans filed.
a brief statement of the following items shall be inclided:

1. A summation of the dead and live load of the bulding.
floor by flcor, which was used in figpuring the she=rs for
which the building is designed

2 A brief description of the bracing system ueed the

manner in which the designer expects such system to act
and a clear statement of any assumptions used
as to loeation of all points of counterflexure in
must he stated

3 Sample calculation of a tvpical bent or equivale -t
-

(e) Detalled Requirements. 1. Ronding and tying. Cor

nices and ornamental detafls shall be bonded In the striucturs

Assumnmption
rembers

Section 2318

I atersl
Bracing
(Cont'd.)

so as to form an integral part of it. This applies to the

interior as well as to the exterior of the buildirg
2  Overturning moment.

In no case shall the carulated

overturning moment of any building or structure due tn the

9
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forces provided for in this Section exceed two-thirds of the
moment of stabliity of such by ling or structure. Moment
of stability ehall be calculated using the same loads n2 nsed
in calculating the o erturning moment,

3. Additions. Every addition to an existing buildirg er
structure shall be designed and canstructed to resist and
withstand the forces provided for in this Section. and in any
case where an existing buliding or structure is Increased in
height ell portions thereof affected by such inereased holgit
shail be reconstructed to resist and withstand the forees
provided for in this Section.

4. Alterations. No existing building or structure shall be
altered or reconstructed In such a manner that the resistance
to the forces provided for in this Section will be less than
that before such alteration or reconstruction was made; pro-
vided, however, that this provision shall not apply to non-
bearing partitions, and shall not apply to other minor altera-
tions which are made in a manner satisfactory to the
Building Department.

5 Bullding separations. Al portions of buildings and
structures shall be designed and eon<tructed to act as an
integral In resisting latern) forces unless structurally sepa-
rated by a distance of at least one inch (17), plus one-half
inch (14*) for each ten feet (10°) of height above twenty
feet (207).

The details of sliding fragile joints shall be made satis-
factory to the Building Official.

(f) Intention or Interpretation of Lateral Force FPro-
visions. These lateral force requirements are intended to
make buildings earthquake-resietive. The provisions of this
Section apply to the buildings as a unit and also to all parts
thereof, including the structural frame or walls, floor and
roof systems, and other structural features

The provisions incorporated in this Section are peneral
and, in specific cases, may be interpreted or added to as to

detail by rulings of the Building Official in order that the
intent shall be fulfilied.

See. 2313. Conerete or masonry wails shall be anchored
to ail Moors and roofs which provide Iateral support for the
wall or are required to provide stability for the wall. Such
anchorage shall be capable of resisting the horizontal forces
specified in this Section or a minimum force of 200 pounds
per linear foot of wall, whichever is the larger.

100
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CHAPTER 21--MASONRY

Sec. 2401, All masonry shall conform to the regulaticme Scope

ot this Code.

Ser. 2402. For the purpose of this Chapter certain ter;ms Defiultiors

are defined as follows:

DIMENSIONS, Dimensions given are nominal, aclia
dimensions of unit masonry may no! be decreased by mcore
than one-half inch (14").

GROSS CROSS-SECTIONAL AREA OF HOLLOW 1 N1T=
the total area including celis of a section perper iicu. s
to the direction of loading. Re-entrant spaces are includs:
in the gross area, unless these spaces are to be occuypied i
masonry hy portions of adjacent units.

MASONRY UNIT, any brick, tile, stone, or block con-
forming to the requircments specified in Section 2403,

Sec. 2108. The quality and design of masonry materiais Materials

uscd structuraily in buildings or structues shall eonform
the requirements specified in this Chapter and to the fui-
lowing standards: -
. MATERIALS AND DESIGN PESIGNATI
Building Brick

Clay or Shale :.‘I- ' 'K
Sand-Lime '.'L - _»\
Conerele 24- 5-Ns
Conerete Masonry Units . ’
Hollow Load-Bearning :l- :1 53
Solid Load-Bearing 24~ .--."R
Hollow Non-Load-DBearing 21- 6-58

Structural Clay Tile

For Walls - Load-Bearving :.:l S ::"\
For Walls - Nonhearing 21~ & :
For Floars 24- 9.5
Gy psum .
Partition Tile or Block gl-l" :"‘
General :’I-II"E‘
Reinforced :l-l. -H8
Cast Stone 21-13-58%
Cement =g
Portland Cement :.:6‘.« .-'-9
Air-Entraining Portland Cement 24-14-08
o8 15 ¢
Masonry Cement 281508
Lime : )
Quicklime ;t 14 i
Hydrated Lime for Masonry Purposes 24-17-58
Maortar bk
Other than Gypsum sratE
Appregates for Mortar 21-10.5
Testin
Bnrﬁ 24-22-58

Gypsum 24-21-08

101
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UNIFORM BUILDING CODE

(¢) Anchorage Requirements. Adequate anchorage of the roof to walls
and columns, and of walls and columns to the foundations to resist over-
turming, uplift and shding shall be provided in all cases

(f) Solid Towers. Chimneys, tanks and solid towers shall be designed
and constructed to withstand the pressures as specified by this section,
multiplied by the factors set forth in Table No. 23 G.

(2) Open Frame Towers. Radio towers and other towers of trussed con-
struction shall be designed and constructed to withstand wind pressures
specified in this section, multiplied by the shape factors set forth in Table
No. 23-H.

Wind pressures shall be applied to the total normal projected area of all
the elements of one face (excluding ladders, conduits, lights, elevators,
ctc., which shall be accounted for separately by using the indicated factor
for these individual members).

(h) Miscellaneous Structures. Fences less than 12 feet in height,
greenhouses, lath houses and agricultural buildings shall be desigaed 1.7
the horizontal wind pressures as set forth in Table No. 23-F except that, if
the height zone is 20 feet or less, two-thirds of the first line of listed values
may be used. The structures shall be designed to withstand an uplift wind
pressure equal to three-fourths of the horizontal pressure.

(1) Moment of Stability. The overturning moment calculated from the
wind pressure shall in no case exceed two-thirds of the dead load resisting
moment.

The weight of earth superimposed over footings may be used to calcu-
late the dead load resisting moment.

(i) Combined Wind and live Loads. For the purpose of determining
stresses, all vertical design loads except the roof live load and crane loads
shall be considered as acting simultaneously with the wind pressure.

EXCEPTION: Where snow toading 1s required in the design of roofs, at
least SO percent of such snow load shall be considered acting in combinution
with the wind load. The building official may require that a greater percent-
age of snow load be considered due to local conditions.

Earthquake Regulations

Sec. 2312. (a) General, Every building or structure and every portion
thereof shall be designed and constructed to resist stresses produced by
lateral forces as provided in this section. Stresses shall be calculated as the
effect of a force applied horizontally at each floor or roof level above the
bhase. The force shall be assumed 1o come from any horizontal direction.

Structural concepts other than set forth in this section may be approved
by the building official when evidence is submitted showing that equiva-
lent ductility and energy absorption are provided.

Where prescribed wind loads produce higher stresses, such loads shall be
used in heuw of the loads resulting from earthquake forces.

(b) Definitions. The following definitions apply only to the provisions
of this section:

126
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BASE is the level at which the earthquake motions are considered 1o be
imparted to the structure or the level at which the s*ructure as a dynamic
vibrator is supported.

BROX SYSTEM is a structural system without a complets vertical load-
carrying space frame. In this system the required lateral forces are resisted
by shear walls or braced frames as hereinafter defined.

BRACED FRAME is a truss system or its equivalent which is provided
to resist lateral forces in the frame system and in which the members are
subjected primarily to axial stresses,

DUCTILE MOMENT-RESISTING SPACE FRAME is a momen:
resisting space frame complying with the requirements for a ductile
moment-resisting space frame as given in Section 2312 ().

ESSENTIAL FACILITIES —See Section 2312 (k).

LATERAL FORCE-RESISTING SYSTEM is that part of the structural
system assigned 10 resist the lateral forces prescribed in Section 2312 () 1.

MOMENT-RESISTING SPACE FRAME is a vertical load-carryving
space frame in which the members and joints are capable of resisting
forces primarily by flexure

SHEAR WALL is a wall designed to resist lateral forces parallel to the
wall.

SPACE FRAME is a three-dimensional structural system without bear-
ing walls, composed of interconnected members laterally supported so as
1o function as a complete self-contained unit with or without the aid of
horizontal diaphragms or floor-bracing systems.

VERTICAL LOAD-CARRYING SPACE FRAME 15 o space frome
designed to carry all vertical loads.

(¢) Symbols and Notations. The following symbols and notations apply
only to the provisions of this section:

C = Numerical coefficient as specified in Secnon 2312 (d) 1.
C,. = Numerical coefficient as specified in Section 2312 (g) and as

" setforth in Table No. 23-J.
D = The dimension of the structure, in feet, in a direction pa“ 2 'ie!
to the applied forces.
& = Deflection at level i relative to the base, due o applied lat:
" forces, Y/, for use in Formula (12-3)
F,F,F, = Lateral force applied 1o level i, n or x, respectively.
F, = Lateral forces on a part of the structure and in the direction
under consideration
F, = That portion of V considered concentrated 2t the top of the
structure in addition to F, .
f, = Distributed portion of a total lateral force at level « for use in
Formula (12-3)
g = Acceleration due to gravity

h h_h_ = Height in fect above the base to level i, n or x respectively.

TR B
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] = Occupancy Imporiance Factor as set forth in Table No. 23-K.
K = Numerical coefficient as set forth in Table No. 23-1.
Levels
| = Levelof the structare referred to by the subscript i.
i = 1designates the first level above the base.
Leveln
— That level which is uppermost in the main portion of the
structure.

— That level which is under design consideration.

x = )designates the first level above the base.

N = Thetotal number of stories above the base to level n.

§ = Numernical coefficient for site-structure resonance.

T = Fundamental elastic period of vibration of the building or

structure in seconds in the direction under consideration.

7, = Characteristic site period.

V = The total lateral force or shear at the base.

W = The total dead load as defined in Section 2302 including the
partition loading specified in Section 2304 (d) where ap-
plicable.

EXCEPTION: W shall be equal 10 the total dead load plus 2§ percent of
the floor hive load in storage and warehouse occupancies. Where the design
snow load is 30 psf or less, no part need be included in the value of W, Where
the snow load is greater than 30 psf, the snow load shall be included:
however, where the snow load duration warrants, the building official may
allow the snow load to be reduced up 10 75 percent.

ww, = That portion of W which is located at or is assigned to level s
or x respectively.
W - The weight of a portion of a structure or nonstructural
component.
7 = MNumernical coefficient dependent upon the zone as determined
by Figures No. |, No. 2 and No. Y in this chapter. For loca-
tions in Zone No. 1, Z = Y%... For locations in Zone No. 2,
7 = '%. For locations in Zone No. 3, Z = %. For locations in
ZoneNo.4,Z = 1.

(d) Minimum Earthquake Forces for Structures. Except as provided in
Section 2312 () and (1}, every structure shall be designed and constructed
(o resist minimum total lateral seismic forces assumed 1O act pONCONCUr-
rently in the direction of each of the main axes of the stucture in au
cordance with the following formula:

V= ZIKCSW. . iicrbeepiibsyusor s (12-1)

The value of K sha'l be not less than that <et forth in Table No 23 1. The
value of C and S are as indicated herestier € ‘ept that the product of €S
need not exceed 0.14.

1}
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1"hc value of C shall be determined in acco:dance with the following for-
mula:

The value of C need not exceed 0.12.

de'f!he pepod'T:hall bc‘ cgahhshed using the structoral properties and
ormatiorn! haracteristics of the resisting elemenis in a2 properive
substantiated analysis such as the following formu'a: iR

reaV(Ee0) (50 f

ythetc the valucs'ofj, represent any lateral force distributed approx:mately !
in accordancg with IAhc pnnciplcs of Formulas (12-5), (12-6) and (12-7) or
any o(h_ﬂ rational q“mhulion. The elastic deflections, §,, shall be calcu-
lated using the applied lateral forces, f,. : -
In the absence of a determination as‘ indi
In t cated above, the va! f ve
buildings may be determined by the following formula: o

. s

. 0054
’ e s RO R RN 2
., GRAT AL AR AL Gl (12-3A)

it

. O(l:n buildings i_n which the lateral force-resisting system consists of
:cu e moment-resistng space frames capable of resisting 100 perceat of
the required lateral forces and such system is not enclosed by or ad omnel

?y'morc rigid elements tending to prevent the frame from resisting 2tete
orces: "

= NI s s o w5 w3 s 3 (12-3E

The value of S shall be determined by the following for nas, bu st
be not less than 1.0: ' g
ForTiT,.= 10orless S=10+ T {0 ’)“! ! ].:
: g 4 T,
....... 122
For T'T, greater than 10 S =12+ 0k ;’ - 1) }' ’~"’
. el
.................. eeeens (1244
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WHERE:
T in Formulas (12-3) and (12-4A) shall be established by a properiy
substantiated analysis but T shall be not less than 0.3 sccond
The range of values of T, may be established from properly substan-
pated geotechnical data, in accordance with U.B.C. Standard No. 23-1,
except that T, shall not be taken as less than 0 € second nor more than 2.5
seconds. T, shall be that value within the range of site periods, as deter-
mined above, that is nearest to T.
When T, is not properly established, the value of § shallbe 1.5
EXCEPTION: Where T has been established by a properly substantiated
analysis and exceeds 2.5 sec onds, the value of S may be determined by assum
ing a value of 2.5 seconds for T,.
(¢) Distribution of Lateral Forces. 1. Structures having regular shapes or
framing systems. The total lateral force V shall be distributed over the
height of the structure n accordance with Formulas (12-5), (12-6) and

(12-7)

¥V = K4 \"‘ F...... P (12-5)
—

The concentrated force at the 1op shall be determined according to the
following formula:

Fy= OOTTV. . oonnnneinnnnnnnns (12-6)

F,need not exceed 025 1" and may be considered as 0 where T'is 0.7 sec-
ond or less. The remaining portion of the total base shear b shall be
distributed over the height of the structure including level n according to
the following formula:

(_\ ,,'u"l‘
"

N o,
i=l

A1t each level designated as x, the force F,shall be applied over the area
of the building in accordance with the mass distribution on that level

2. Setbacks. Buildings having setbacks wherein the plan dimension of
the tower in each direction is at least 75 percent of the corresponding plan
&mension of the lower part may be considered as uniform buildings with-
out seibacks, provided other irregularities as defined n this section do not
exist.

1 Structures having irregular shapes or framing systems. The distnibu-

¥,
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tion of the lateral forces in structures which have highly irregular shapes,
large differences in lateral resistance of stiffness between adjacent stones,
or other unusual structural features, shall be determined considerirs the
dynamic characteristics of the structure

4 Distribution of horizontal shear. Total shear in any honzontal plane
shall be distributed to the various elements of the lateral force-recsung
system in propottion to their rigidities considering the rigidity of the hor
zontal bracing system or diaphragm.

Rigid clements that are assumed not to be part of the l21eral force-resist-
ing system may be incorporated into buildings provided that their effecton
the action of the svstem is considered and provided for in the design.

< Horizontal torsional moments. Provisions shall be made for the in-
crease in shear resulting from the horizontal torsion Jue to an elcentnidty
between the center of mass and the center of ngil . Negative 1013 ona'
shears shall be neglected. Where the vertical resisti - elements deperd on
diaphragm action for shear distribution at any level, the shear-ressung
elements shall be capable of resisting a torsional moment assumed o be
equivalent to the story shear acting with an eccentricity of not less than £
percent of the maximum building dimension at that level

(f) Overturning. Every building or structure shall be designed to resist
the overturnirg effects caused by the wind forces and related requirements
specified in Section 2311 or the earthquake forces specified in this section,
whichever governs.

At any level the incremental changes of the design oserturning me went,
in the story under consideration, shall be distriouted to the various
resisting elements in the same proportion as the distribution of the shears
in the resisting system. Where other vertical members are provided whict
are capable of partially resisting the overturning moments, a recistribution
may be made to these members if framing members of sufficient strzngi®
and stiffness to transmit the required loads are provided.

Where a vertical resisting element is discontinuous, the ov erturning mo-
ment carried by the lowest story of that element shall be carried doan as
loads to the foundation.

(¢) Latersl Force on Flements of Structures and Nonstructure! Com- .
ponents. Parts or portions of structures, nonstructural components and
their anchorage to the main structural system shall be designed for ‘atera
forces in accordance with the following formula:

F, = ZICW, ...ccnvvn SR | 2 3
The values of € are set forth in Table No. 23-3 The value of the / coe?
ficient shall be the value used for the building.

EXCEPTIONS: L. The value of 7 for pane! connactors sha'l be as 5 ven
Section2312(H 2 C

2 The value of 7 for anchorage of machinery and equipment req red o
lite safety systems shall be 1.5

13



2312 UNIFORM BUILDING CODE

The distribution of these forces <hall be according to the gravity foads

pertaining thereto

For applicable forc ons for extenor

es on diaphragms and connecti
panels, refer to Sections 2312()N2D and 2312(N3C.

(h) Drift and Building Separations. Lateral deflections of dnft of a
story relative to its adjacent stories shall not exceed 0.005 nmes the story
height unless it can be demonstrates! that greater drift can be tolerated.
The displacement calculated from the application of the requirced lateral
forces shall be muhiplied by (1.0/K) 10 obtain the drift. I he ratio (1.O/R)
<hall be not less than 10.

All pornons of structures shall be designed and constructed 1o act as an
integral unit in res1SUNE hornizontal forces unless separated structurally by
a distance sufficient to avoid contact under deflection from seisimic action
or wind forces

(i) Alternate Determination and Distribution of Seismic Forces.
Nothing in Section 2312 shall be deemed to prohibit the submission of
properly substantiated technical data for establishing the lateral forces and
distribution by dynamic analyses. In such analyses the dynamic character-

istics of the structure must be considered.

(i) Structural Systems. 1. Ductility regnirements. A. All buildings de-
signed with a horizontal force factor K = 0.67 o1 0.80 shall have ductile
moment-resisting space frames.

B. Buildings more than 160 feet in height shall have ductile moment-re-
sisting space frames capable of resisting not less than 25 percent of the re-
quired seismic forces for the structure as a whole.

EXCEPTION: Buildings more than 160 feet in height 1 Scismic Zones
Nos. | and 2 may have concrete shear walls designed in accordance with Sec
ion 2627 ot braced frames designed 1n conformance with Section 23121 G
of this code in licu of a ductile moment-ICsIsIng space frame, provided a [
value of 1.000r 1.3315 utilized in the design.

No. 2, No.land No. 4 all concreie space framesie-
g system and all con-

hall be duc-

B i

C. In Seismic Zones
quired by design 10 be part of the Jateral force-resistin
acte frames located in the perimeter line of vertical support s
tile moment fesisting space frames.

EXCEPIION: Frames the perimeter
buldings designed with sheai walls taking I
forces need only conform with Section - 3120 1 D

D. in Seismic Zones No. 2. No. 3 and No. 4a
quired by desigt
vectigated and shown to be adequate
and induced moment due 10 3/K times
code-required lateral forces. The rigidity of 0
adered in accordance with Section 2312 (¢) 4.

E. Moment-resisung space frames
frames may be enclosed by or adjoined by more yigid cle

132

line of the vertical support of
¥) percent of the desien lareral

1l framing elements notre
\ to be part of the lateral force-resisting system shall be in-
for vertical load-carryng capacity
the distoriions resulting from the
ther elements shall be con-

and ductile moment re-isting e
wients whitch
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would tend to
prevent the space f

can be shown th . ce frame from resisting latera! forc
impair the verts 2: the action or failure of the mmcgrig::! el Sersahet b

R -! and lateral load resisting abihty of the s;:m?“ il

. $54 Cuc ’ . ’ ceiranm
be provided h: . ';;’:"") f;\r a ductile moment-resisting srace fra ‘f "
tions {complyin ¢ of structural steel with moment el T 3-an
and Mo, 4 )(; g with Section 2722 for buildings in S TESINITIE COrTeg. !
or Section 272 . in Seismic Zon -~ 11

or by a reinforced m;c;rsle“;::“lldmgs in Seismic Zones No. | ;,:;\‘-\ 3 ,". H
i e : me (comp! . 1A ING. <
ings in Seismic ‘ plymg with Se 1626 o :
Sersm mic Zones No. 3 and No. 4 or Sec v 2626 for b '¢
- lic Zones No. 1 and No. 2) Section 2625 for hu!

.

o

dir pi N

‘\( Erio \ "Ul.dl"g\ with ductile & < T
w0 nl-resisting ¥
mome L4 ace tran

Seismic Zo :
pes No. 1 and No. 2
. id No. 2 having ar : ’
shall comply with Section 2626 or "_Hg’ vimportance facter [ greater the 1 0
- .l P W e

G. In Seismic 7
‘ones No. 3 and N
portance fa 0. 4 and for buildi
bers in btacildulr'riz"al" than 1.0 located in Smm':’;‘(’:",‘:;?:a::ng e
in accordance with‘csses-!:-a" be designed for 1.25 times the for(ge & v §
e T ol capaci; no? 2312 (d). Connections shal! be ces",:':m-‘cd i
forces without the One)it:udm'e members or shall be based on‘n:e If <
ing from earthquake forces increase usually permitted for srresses 'dc. e
Braced fr. ; ' ;

S of‘,'\":; nln\:::)ldmss shall be composed of avially loades
AS8S structural sieel; or ?:4; A’gl. AS72 (except Grades (.«)‘;:,dh,&‘{ o

. ' infor - v ] ' OF
requirements of Section 2627, ced concrete members conforming 1o the

H. Reinforc
. ced concrete she
shear wa! g,
llu; SRR ermntt uf St S Is for all buildings shall conforr ro
- In structu A
v res where K = 0.67
quirements f 67 and K = 0.80, the speci 1
- e :\;a::mctural steel or reinforced concrere ;me:' ductility e-
3 , e ! -
sequired 1o "ansr:'::p:z“g allfsnuclural eicments below Y:;e bl;:’c': hse-: 5
loads. 1e foundation the forces resulting from !!\a'- ;"t, §
" ! eal ?
2. Design
e requirem .
tions may be made i:\.':;i:i'nm':o"ld.‘"".“om' Mo wrusturel ahieny
resistance t ! & buildings and othe ctures gl
o lateral forces shall be not less than (h;‘ :';ldurc- but “he
¢lore such alie-a.

tions were mad
" : ¢, unless the bui
this section, uilding as altered meets the requirement

-

w

B. Reint
. orced ma
located in Seismic 70:10'"34 or concrete. All elements wihin
concrete shall be reinf “m‘ 0. 2, No. 3 and No. 4 which are f. priamtln
coete: iatalot ke nrmi‘s::\’.::d ;‘};‘ to qualify as reinforced rr:m'rr\‘:!:“n!, of
o apters 24 and 26 Princi ! Vor(sn
- rincipal ren!

mn maso )
nry shall be spaced 2 feet maximum on center in buld e
m buddings usir ¢
i ia

moment-resisting space frame

C (,ombilud ver 't.' ."d "0“‘0“'.. '0'(',- '" Clllllpulll 8 "le t'!ck -

. t

e (118 '”'Lt mn ((""b"‘d"(’“ “"h ver '(«!l 0ads raw: y |OI Stresses 0

duCCd n !lltlnbtl S by dCad l('ad p,US dts"" llvt .L‘ad exg (pl '00' lu\t l(“ -
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2312 UNIFORM BUILDING CODE

shall be considered Consideration should also be given to minimum grav
ity loads acting in combination with lateral forces

D. Digphragms. Floor and roof diaphragms and collectors shall be
designed to resist the forces determined in accordance with the following

formula:
”n
5
!
-

Foe ™ % ",

S .

g |

WHERE:

F, = the lateral force applied to level I.

w, = the portion of W at level i

the weight of the diaphragm and the elements tributary thereto at
leve! x, including 2§ percent of the floor live load in storage and
warehouse 0ccupancies.

The force F,. determined from Formu'a (12-9) need not exceed
0.30Z1w,,.

When the diaphragm 1s required to transfer lateral forces from the ver-
tical resisting elements above the diaphragm to other vertical resisting
dements below the diaphragm due to offsets in the placement of the
elements or to changes in stiffness in the vertical elements, these foices
shall be added to those determined from Formula (12-9).

However, in no case shall lateral force on the diaphragm be less than
0.14Z1w,,.

Diaphragms supporting concrete or masonty walls shall have con-
unuous ties between diaphragm chords to distribute, into the diaphragm,
the anchorage forces specified in this chapier. Added chords may be used
1o form sub-diaphragms to transmit the anchorage forces to the main
qoss ties. Diaphragm deformations shall be considered in the design of
the supported walls. See Section 2312 () 3 A for special anchorage re-
quirements of wood diaphragms.

1. Special requirements. A Wood diaphragms providing lateral sup-
port for concrete or masonry walls. Where wood diaphragms are used to
laterally support concrete Or masonry walls the anchorage shall conform
10 Section 2310. In Zones No. 2, No. 5 and No_ 4 anchorage shall not be
accomplished by use of toenails or nails subjected to withdrawal; nor shall
wood framing be used in cross-grain bending or cross-grain tension.

B. Pile caps and caissons. Individua! pile caps and caissons of every
building or structure shall be interconnected by ties, each of which can
carry by tension and compression a minimum horizontal force cqual to 10
percent of the larger pile cap or caisson loading, unless it can be demon-
arated that ejquivalent restraint can be provided by other approved
methods.

| €. Exterlor elements. Precast or prefabricated nonbeanng, nonsheat

W
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1

pall panels or similar elements which are attached 1o or enclo:e the eu
ior shall be designed to resist the forces dclcrmmedvfmr." fm wula :"’egl
and shall accommodate movements of the structure lcsu':n\; from ‘3'!;;?'
forces or temperature changes. The concrete panels or other similar e'r.
ments shall be supported by means of cast-in-place concreie or ;ue haai al
mn\nccnons and fasteners in accordance with the followirg p'mm:"-“: o
Connections and panel joints shall allow for a relative movemert b
tween stories of not less than two times story drift caused uh “'-'-' (f
(3.0/K) times the calculated elasnc story displacement ¢2 :sc;' by rr“' ire -
seIsmic lurgc;, or Y2 inch, whichever 15 greater, Con: :1,(,',,;‘,0 J" it
movement in the plane of the panel for story drift «h.'"."‘c I~m c‘ ﬂ:’«
sngngd shding connections using slotted or ofrmzed ho tslu ‘rra»pl‘e‘ ‘\‘
nections which permit movement by bending of steel or orher "\ﬁrx 'Q f‘
providing equivalent sliding and ductility cab.am\. i
Bodies of connectors shall hase sufficient ductility and rotation capacits

:odzs to preclude fracture of the concrete or brittle falures at or near
% ¥

G N o Y WA

[

ch:le bogy of ll_vc connector shall be designed for one and one-third 1imes &
] horce etermined by Formula (12-8). Fasteners artach.ng the connector
o the panel or the structure such as bolts, inserts, welds, dowels, etc , cha'! i

be dcslgngd to insure ductile behavior of the connector or sh.all be des aned
for {our times the load determined from Formula (12-8)

fa;steqcrs embedded in concrete shall be attached to or hooked around -
reinforcing steel or otherwise terminated so as 1o effectively transfer forces §

to the reinforcing steel.

The value of the coeffici
! cient 7 shall be 1.0 for the entire connector
assembly in Formula (12-8). e
m('::;.ﬁssenﬂ.ll Facilities. Essential facilities are those structures o©
i : ings v.r_uch must be safe and usable for emergency purposes af er a-
ar} xqua_k:“m mdt(lo preserve the health and safery of the general r »
Such facilities shall include but not be limited to: :
1. Hospitals and other m it
a edical facilities having surgery ne
treatment areas. ’ ity
2. Fire and police stations
3. Municipal government disaster operation and communicatior
centers deemed to be vital in emergencies.
t"chhc: dgsngn and dcl_ailing ofrcqunpmcm which must remain in place ar
’ unctional fulluv_nng a major earthquake sha!l be based upon the re-
g;:l(cmcnxs of Sgclion 2312 (g) and Table No. 23-). In addition, theis
sign and dci:nhng ;hall consider effects induced by wructure drif's of
not less than (2.0/K) umtsl!hc story drift caused by requ:-ed seismic forces
nlm less ?han the story drift caused by wind. Special consideration sha’!
also be given to relative movements at separation joints,

(1) Earthquake-recording Instrumentations. For earthouake recording
instrumentations see Appendix, Section 2312 () '
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UNIFORM BUILDING CODE

FOOTNOTES FORTABLE NO.238

“The rabutated loads sre munmum toads. Where other vertical foads re-
quired by this code ot requircd by the design would cause greater siesses
they shall be used

Pounds p<t hineal foot

Wateral sway beacing load
per foot perpendicular 1o seat an

‘Al loads ate in pounds pel lineal |

shall be designad for 2" toft block well foads tr
Blocks shall be designed with 2 factor of safety of live
s which have sufficient rotal access from below,

ed within the space abuone the ceiling. Does
not provided

« of 24 pounds per foot paralle! and 10 pounds
4 footboards

oot Head Block wells and sheave beams
jhutary thereto Sheave

oes not apply 1o celing
such that access s nol requir
not apply to cahings of the attic areas above the ceing are
with access. This hive load need not be considered acing simulianeously

with other hive loads imposed upon the ceiling framing or its SuppOtOng
structure
sWhere Appendinv Chapter $1 has been adopted, sec referenve standard
cited theremn for addit ronal design requirements
The impact factors included are for cranes with stec! wheels rding on stee!
rails. They may be modified if substantiating rechnical data accept ible o
the building official 1s subminted Luve toads on crane supprt girders and
thewr connections (ha't be taken as the paaxamum crane wheel loads Fo
pendant operated traveling crane support girders and ther conne Hons,
the impact factors shallbe | 10
This applies in the dwection parallel 1o the runway cads ongindinal). The
factor for forces perpendicular 10 the rail is 0,20 » the transyerse travel
g loads (uoliey, cabd, hooks and lLifted toads) Forces shall be apphicd &t
top of rail and may be distributed among cails of multiple rail crancs and
shall be distribuied with due regard for lateral stittpess of the struciures
supporting these ks
*A load per hneal foot o
!
wyeriical members of siotage racks shall be protecisd from impact forces
of operating equipment of racks «hall be Jesigned so that fallure of one
vertical member will not cause collapse of mote than the Bay or bays
directly s pporied by that member

he apphied horzontally &1 right angles to the top

» \o"“-‘.-‘;.b-_’.’ ..7' .‘-',' - 12 j 3 . .
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1979 EDITION
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TABLE NO. 23 C—MINI"AUM ROOF LIVE LOADS
METHOD VEIHLD :
TRIBUTARY LOADED AREA 1
! N
SQUARE FEET {08 ANY FATE CF i
KUCTURAL MEMBER weoos | Peove i
ROOF SLOPE oo UNEOR TONy i
200 | 20110600 | Ove a3 et [l
e  Te 400 ver GO LOAD Pece~y Fg ent
than 4 40 by
et toot. Arch
OF Jounge with 1]
e less than : " s - ’ ) ;
one-erghith of
span
2 Rise 4.anches
per foot 1o less
than 12 inches
per foor Arch
or dome with 1] 14 2 .
e ane-ewghth o a - : |
of span 10 ke |
than thiee
ephths of span !
| ¥ Rue 12 inches
per foot and
greater. Arch
or dome with | 3] (] 4
rine thiee- ) " i
oghihs of span |
Or greater :
4 Awnnings except s b i
Jdoth cosered” ' y o ;
N '
< (h't«nhnusﬂ, ot '
th houses and 1o :
agricultural - N r ;
burldings* |
|
‘Where s ¥ |
i ar:u;llmds o.mn. the roof structure shall be des gned ‘v
: : ermned by the building official. See Section 2308 - s
“NS\: purpose roofs, see Section 2304 (e) » el i
nee Sect )
ke ;:'nf:::- l:r five load reductions. The rate of reducuon # in Sac
! iy (6-1) shall be as indicated in the table. The ma -
1 ’ shall not exceed the value indicated in the 1able 4 e
! As defined in Section 4506
See Section 208 (
2 e) for con
it concentrated load requirements for gres= ouse
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230D,23E,23F

TABLE NO. 230 —MAXIMUM ALLOWABLE DEF LECTION
FOR STRUCTURAL MEMBDERS'

‘M!l.!' LOADED WITH
MEMBER LOADED WITH LIVE LD2D PLUS
LIVE LOAD DONLY ‘ DEAD LOAD
TYPE OF MEMBER wo) (L «+ RDL)

Roof Member .\npp.-qhnu!
Flaster or Floor M. mbe |l 1. 360 1./240

Sutfwient slope or camber shall be provided tor flat roofs n acvordance
with Se. 1o 2708 (1)
[ Love load

D Pead load
A Fator as determuned by Table No 2V 1
i | ength Of memiber v Lame units as deflecnion

TABLE NO. 23 E—VALUE OF “K"

UNIFORM BUILDING CODE

w000 !
- - - -

Unseasoned Seasoned’ REINIDBCED CONCRELE” STEEL

10 F—;T— T k- -l—_’T\ JAN) . |'_“ 0

Seasoned lumber 1s lunuber having 3 moisture content of less than 16 percent
at bme of installation and used under dry condimons of use such as
covered structures

See alwo Secrion 260

AL Area o compression renfor cement
A, Arca o nonprestrested tension remforceion

TABLE NO. 23 F —WIND PRESSURES FOR VARIOUS HEIGHT
ZONES ABOVE GROUND'

WIND PRESSURE MAP AREAS
FEIGHT ZONES (paunds per square fool) 7 .
(in feet) 20 ] 2y | 20 ‘ s ]| w0 T as I 5o
Loss thoan 36 15§ 20 25 Foed W {31 40
30 1o 49 s a5 tan {35 a0 45 1 0
5010 44 o5 | 30 | 40 | 451 50 | 55 ! G
100 to 199 w 40 |45 3] 60|70 75
500 to 1199 35 15 55 | 60 | 7O | &0 Logn
1200 andd on er 10 50 3 600 | 0 (N1 "m LA
. o) B (Mt S s

See Figure No 4 Wind preysure colummn an the 1able should by ~clevied which

" headed by a4+

wind pressare

Yhe hgu"\ i
prosade for

140
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1979 EDITION

TABLE NO 23 G—MULTIPLYING FACTORS FOR WIND
PRESSURES —CHIMNEYS, TANKS ANDSOLID TOWERS

WORIZONTEL CROSS SECTION FaCTIOR
Square or rectangular 100
Hevagonal oc o tagonal 080
Round or elliptical L 060

SNNSR———

TABLE NO 23-H—~SHAPE FACTORS FOR RADIO TOWERS

AND TRUSSED TOWERS
TYPE OF EXPOSURE FACTO® ]
1. Wind normial to one face of tower !
Four-comered, flat or angular sections, steel srwend 220
Three-cornered, Ba or angular sections, steel or
wood 200
o ]
2 Wind on corner, four-comered tower, flat or angular :
sections b (1
3} Wind parallel to one face of three comered tower,
flat or angnlar sections 1 50
4 Factors for towers with ovlindrical elements are ap-
proximately two-thirds of those for sinmlar towers i
with flat or angular scctions |
S Wind on individual members ’
Cylindric al menthers
Two inches or less in dameter 1o
Over two inches i diameter 0sn !
Flat or angular sections : 130 i

23-G.23H

141
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UNIFORM BUILDING CODE

TABLE NO.231—HORIZONTAL FORCE FACTOR K
BUILDINGS OR OTHER STRUCTURES®

. .“4’:__‘;*;,';'.1!7“.*‘.‘. '~~"£’." TRY. s i . .*‘-; p— Lol i b 2P i WSS

FOR

142

TYPE OR L RRANGEMENT OF RESISTING ELEMENTS

I Al butlding franung systems except as heremnafter classified

2 Buildings with a bov system as speaified in Section 2312 ﬂ{)

1 Buildings with a dual bracing system consising of a

ductile moment-resisting space frame and shear walls or
braced frames using the tollowing design cnitenia:

a The frames and shear walls sha!l resist the totat lateral
torce in accordance with their relative ngidities consider
g the interaction of the shear walls and frames

b The shear walls acung independently of the ductile
momeni-resisting portions of the space frame shall resist
the total tequired !ateral forces

¢ The ductile moment-resisting spacs frame shall have
the capacity 1o resist not less than 25 percent of the
required lateral force

4 Buildings with a ducule moment-resising space frame

desiened in accordance with the following criteria: The
ducti’e moment-resisting space frame shall have the
capa.ity toresst the total required lateral force

§ Elevated tanks plus full contents, on four or more cross-

twaced legs and not supported by a building. -
6 Structures other than buildings and other than those set
forthn Table No 23 )

VALUE' OF
«

1.00
1.3]

0 8O

067

25

2

Where wind load as spevified in Section 2311 would produce higher stresses,

this foad shall be used 1n liew of the loads resulting from earthqu

%o roures Nos. 1, 2 and 3 in this chapter and definition of Z as
Secrion 2312 ()

"The minimum value of XC shall be 0.12 and the maximum value
not exceed 0 28

The tower shall be designed for an accidental torsion of § percent
in Section 2312 (e) $. Elevated tanks which are supported by but

ake forces
specified w

of £C need

as specified
Idings or do

not conform to type or arrangement of supporting elements as described

above shall be designed in accordance with Section 202(g) using Cp = 3

‘!‘“ T

1979 EDITION

L e W 2 T e i

TABLE NO. 23-J—HORIZONTAL FORCE FACTOR C, FOR
ELEMENTS OF STRUCTURES AND NONSTRUCTURAL COMPONENTS

DIRECTION |
OF HORL |
ZONTAL | VALLF |
PART OR PORTION OF BUILDINGS FORCE | OFC.
1. Fxterior beanng and nonbearing walls, Norma! to | 0.3
interior bearing walls and partitions, mn- flat
terior nonbeanng walls and partitions surface !
—see also Secnon 2312 (1) 3 C Mason- :
1y or concrete fences over 6 feet high !
2 Canulever elements: Normal o | 1|
a. Patapets fat ; 0%
surfaces | i
b Chimneys or stacks Any .
dirccnon
3 bExterior and interior ornamentations Any ! 08
and appendages direcion |
e
4. When connected to, part of, or housed
within a building: I !
" a Penthouses, anchiorage and supports
for chimneys and stacks and tanks, in- ‘
cluding contents |
b. Srorage racks with upper storage Tevel Any t SR
at more than 8 feet in height, plus direction |
contents 2k
¢. All equipment or machinery !
S Suspended ceiling franung systems tap Any 03 |
plies to Seismic Zones Nos, 2, 3 and 4 direction
only) 3
6. Connections for prefabricated  strug- Any g
tural elements other than walls, with direction |
force applied at center of gravity of ’
assembly !

shown.

over two storage support levels in heighr shall be 0 24 for the levels helow
In heu of the tabulated vaiues steel storage racks may be designed i accordance w th U F 0

Standard No 27-11

"~

Where 8 number of storage rack units are interconnected so that there 2re 2 e cmof '
vertical elements in each direction on each columin line designed 10 res + Yool for o
the design coelficients may be as for 8 building with A values [rom Table o 201 (S =
for use in the formula V' = ZIKCSW and W equal 10 the total dead 1oa2 plus S0 percer 2f
the rack -rated capacity. Where the design and rack configuranons are in k. _ordance with -~
paragraph, the design provisions i U B.C Standard No 2711 donotag; v

'Cp for elements laterally self supported orly at the ground level may be teo-thirds of ve e

"Wy for storage racks shall be the weight of the racks plus ontenits. The sz ve of €, Torre as
ctop ‘wo leve g

-

..
- -

‘For Nexible and Nexbly mounted equipmient and machinery, the ag; ropriate satues of Cpsta

be determined with consideration given to both the dynanuc properties of he equipaen - d

(Continued)
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23-J,22K UNIFORM BUILDING CODE

FOOTHOTES FOR TABLE 23.J—(Continued)

machinery and ro the builGing or structure in which 1t is placed bur shall be not less than the
listed values. The design of the equipment and machinery and their anchorage is an integral
part of the design and speaificanon of such equipment and machinery

For essenal faciines and Life safery systems, the design and derailing of equipment whih

must remain in place and be functional follow ing 8 major earthquake shall consider dnifts in
accordance with Section 2312 (V)

-y e e W vy

Ceiling weight shall include il light fixtures and other equipment which i laterally supporied
by the ceding. Foo purposes of derermming the lateral force, a cethng weight of not less than 4
o pounds per square foot shall be used

The lorce shall be resisted by positive anchorage and not by friction
§ *See also Secvion 2309 1b) for mintmum load and defiection criteria for interior partitions

TABLE NO 23K
VALUES FOR OCCUPANCY IMPORTANCE FACTOR !

IYPEOF OCCLPANRCY |
Fasennial | actaies 1 £
Ay huilding where the poman, ovcupancy .25
wtor avsembiy use tor more than M) persons
oy room)

~ — ———
W others P

See Section 2312 (5 ) tor detunnon and addinonal reguirements tor essento!
Tacihises
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Ui FORM BUILL G COUE

‘le'lP"()\i: A separation shall not be 1
equipment serving only one dwelling usnit

(m) Alternates. No alternate me
and safety required by this section

equired for such rooms with

thod of obtaining the fire protection
. . may be used unl !

N . . ess the Board -
peals, including as a voting member for this purpose the chief of l‘;x'; ?nre

depariment, finds that p
. fin such alternate method i i
safety equivalent to that required herein o i e

664

i — o — —

— —— - —
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1879 EUITION il -

Chapter 23
EARTHQUAKE IM'STRUMENTATION

Earthquak 9 Recording Instrumuntation

Sec. 2312. (0 1. Genersl. In Seismic Zones No. 3and No. 4 e.ern build-
ing over six stories in haight with an aggregate floor area of 60 2N sguare
feet or more, and every building over 10 stories in height rezardiess of
floor area, shall be provided with not less than three arproved recording
accelerographs

2 Loecation. The instruments shu'l be locared in the basemeni, migpor-
tion, and near the top of the building. Each instrumesnt shall b= jocated so
that access is maintained at all tumes and is unobstrucied by room con
tents. A sign stating **“Maintain Clear Access to This Instrument’ shall be
posted in a conspicuous location.

1. Maintensnce. Maintenance and service of the instruments shail be
provided by the owner of the building subject to the approval of the
building official. Data produced by the instruments shai! be made
available to the building official upon his request

4. Instrumentation of existing buildings. All caners of evsting struc
tures selected by the jurisdiction authorities shall provide accessible space
for the installation of appropriate earthquake-recording iastruments
Location of said instruments shall be determined by the jurisdiction
authorities. The jurisdiction authorities shall make arrangerents (0 pro-
vide, maintain and service the instruments. Data shall be the property of
the jurisdiction, but copies of individual records shall be made a~aiiable
the public upon request and the payment of an appreprizie fee

SEISMIC ZONE TABULATION
For Areas Outside the United States

lLocation Scismic Zone Location Seismic Zone
ASIA Keflavik 2
Turkey PACIFIC OCEAN AREA
Ankara 2 Caroline Island
Karamursel 3 Koror. Paulau ~
ATLANTIC OCEAN AREA Ponape ‘
Azores 2 Johnston Island
Bermuda | Ywajalein
CARIBBEAN SEA Mariana Islands 3
Bahama Islands I Guam i
Canal Zone 2 Saipan 3
Leeward Islands 3 Trnan :
Puerto Rico 3 Maicus island
Trinidad Isiand 2 Okmawa 3
NORTH AMERICA Philippine Islands 3
Greenland | Samoa lslands 3
Iceland Wake Island ¢



EXHIBIT J

from CBG's July 31, 1981, Interrogatories
to the NRC 3taff
as to
the 3afety Evaluation Report
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73, Please descride all control tlade malfurcticns at the UClA

reactor irdivicdually, % date, describing ircident, and ocutlirirg cause,
3, Or what specific factual basis does Staff determine the control
tlade svstem to “e reliable through the prorosed licerse period”

3¢, What control blade malfunctions is 3taff aware of at other Argonaut
reactors” Flease describve all such instances individually ty date,
reactor, description of incident, ard cause.

7€, “hat e“forts has 3taff made to ascertair what contrcl tlade protlenms
~ave been experienced bv other Argoraut reactors”

77, Is a bleycle-type chaln used ir the control rod drive svstenm?

s

I¢ 5o, has 1t ever failled”?” Cive detalls if krown,

37, “as the control blade losic system at UCLA ever failed” If so,
prlease descrite each such incident.

39.'32? states "The graphite prism is surrourded tr a tiological shield
of both convertioral and heavr (magretite, agererate concretes,”
3ZR states further the shield was designed in the late 1950's,

a., Reactor was desigred ir the late 1950's to cperate at 10 kw
ir a building with ro members of the public on floors atove. Eoth
corditions have sirce changed, PFlease detail with specificity all
alteratiors to “tological shield (and other shieldirg) since reactor

was oririnally designed. In particular, please describe ' drawing
ard description placemert of all paraffin and lead.

b, Wrat is the density of the magretite and the conventioral

“e

ccneretes”

e, What is the minimal thickress of the concrete shield?

4., What level (ir curies and ir mrem/hr. dose contact) of activatior
products has the shield acquired %‘c date,&what level could be expected
vy end of license period (vear 2000) if operating licensed limit were
met for the rext 20 vears”

e. Applicant asserts maximum dose from streaming radiation
sutside biological shield is 200 mr/hr., Does Stafs have any ircependent
irformation by which to measure that assertion? If so, please provide
sald information.

;1i§>sza states, "This shield was desismed in the late 1950's with an
adequate factor of safety apainst selsmic forces for a Zorne 3 earthquake

area,"

a. Precisely what is the numerical size of the "adequate factor of
safety”?

b, Agzainst what criteria does Staff determine the shield to have
“an adequate factor of safety."” Flease specify the particular code sections,
industry stardards, or other standards.



c. Preciselv now much acceleration in the vertical i horizontal 2=V,
“ug) Airectiors was the blolopical shield desigmed to withstard?
-

4. Yhat is the larszest capatle fault near the reactor site”

e. ‘ow close is the nearest apprcach of said fault to the reactor site?

s What is the accelerogram--that is, the shape of the curve of

acceleration--for that fault at the reactor site in the werst czse scenario?

#. Ynat is the maximun grourd acceleratior possible and maxinum
nossible magnitude in “ichter Scale for that fault?

h., Show by calculation and reference how the maximum creditle earthquake

a+ the largest capable fault near the reactor site could be withstood by
the reactor's biological shield.

1, “ave earthquake design standards for reactor compenents such as
tiological shields chanrces since the late 10¢0s? I< so, please detall
how they have cnanged as such changes would relate to current standards
for buildirgz a biological shield for a research reactor at the UCLA site,

j. Does the reactor have a seismic scram device other than the
embedded switches in the morolithic shield?” If so, please detail the
rature of said device,

3ER 1=

41, Please descride all rotification received by the Commission from
UCIA at the time of the additional corstructior next to ard on top
of the reactor building in 1967, (Cive title and date of all deccuments related thereto,

42, Please describe all analvses done by the Commission prior to 1974

of the effects of the new construction done ir 1263 ir terms of radiation
protection tc the putlic ard seismic risk to the reactor. Cive title

and date of all docunents related to sald analyses.,

43, Descrite in detail all shielding additions made related to the nrew
notential areas for public radiation expcsure.

L4, Yas the Commissior notified in advance of said construction, ard did
1%+ grent approval for the 1968 vuilding additions?

Lz, D43 +he Commission analyze, prior to 1974, the effects to public health
of having the lath 3cierce building constructed rext to the reactor bullding
and the placement of the exhaust stack where it now is in relation to ths

IS alr inlet? I so, please provide said analysiec 1f not, please explain
why rot,



cintsation, wu=o®f or risine srourd water," Flease provife
rses *ha* have ~eer made of risk cf “looding of the reactor
fvar pauses o*her thar these, I~tervenor ir this question refers o
sra risk of “loodirs the reactor, rot th: risk fzom floodire 1%,

133, The parazraph azout "Sedrology” does rot address the questior of
cantariration of ~rourd water., TFlease provide all aralrsis dore by stal?
resawdirzs that matter.

13L, The parasraph ahout "‘vdrology" does rot address the question of

whether wells exist ir the viciriiv or not. Flease provide all irformatior
3+a® car produce as to the existerce of wells or campus or in the

vieinitv,

a~

327 2-4
322 2=8

172 ) 33° states: " housh it 1s recogrized that the UCLA campus mar Ze
maik of a- active seismic “ault, it is difficult tc determire ard verif::
sha Adegree o° activitv of such faults and the potertlal damace that
can oecur ts the reactor or reactor btulldire,”

a, Which particular active seismic Taul: mav UCLA Ye ir the path of”

». ¥her was 1+ mos* recertlv active, what was the size of the associated
sedsmic event (in Pichter 3cale and ir srourd acceleratior raximus),
wra+ Aamage nccurred Sron said activity”

¢. Please provide the irformation asked ir 13%% a*ove for seisi.ic
activity prior to the most recert seismic event alorg that fault,

1, Precisely why is it 4ifficult te determire and verify the
le~ree of activity of such ‘aults. Particularly address wry such determiratior
te A19P1ay1t ir this case dut has beer accomplished ir other reactor
proceedings.

e. Precisely whv is 1t 4ifficult to determine the potertial darmaze
shat ear occur 40 the reactor or reactor buildirg from such faults”
Acain, particularly address whr such Aetermiratior has beer possitle 1lr
ather reactor proceedirgs.

¢, Tlease provide all aralyses performed by 3taff ir ar attenpt to
"iatermine ard verifs +the decree of activiiy of such faults and the potertial
darace that ca- oceur o the reactor or reactor builldirg" and irdicate
what d1¥91oylties were encourtered ir performirg such aral-’ses,

», Please show Y calculatior ard refererce the shape of the accelerogranm
A® +he 33E at *his site, the maximum grourd motior (4r each Airectior)
associated witr 14, ard the response spectra of the reactor and the reactor
wullding i» such a 33E,

k., Tlease provide all “ewmark-type aralyses per“ormed for this site.

1, "™at ts the maximum acceleratior the reactor core is capabtle of
sustairing without damage ir the east-west, rerth-south, and vertical directions”

3., Yhat is the specific potertial evert at the prircipal capatle
221+ which 1imits reactor design at the UCLA site”

k. What is the strair ererg’ release on that fault which is the
14miti=f conditior for reactor desigr at the UCIA site”

1. What is *he accelerosram +hat would te associated with the event
{denti€led ir 135S above”

m, lhat darage related to the 1071 earthquake was Applicart referrirg
to ir 1+s 1976 and 1077 Arrual (Specialized Activity) Feports®

r. What other seisnicallv-related damage is 3<aff aware of for the
reactor”



-7
- !

~‘:‘ b & & "e = 5 2 - 1 o o~ -
154, 3TX states: "Irn oxder <o circunmvent these ~actcrs, tne staf? otrtalred
“

PR b e b et va e ~ b 1~ - & - vem b 4 "

yroratory aralrses of the 1lmpacts o2 earthquake irduced core disruptlor

a* Apronraut=-tvpe reaciors.’

. 24d 3%a®F specificall recuest dose estirates and/or fissior product
e estimates ir case of sarthguake=-irduced fracturing of the Suel”

. Precisel- where ir each studr can such estinmates Le Tound’

¢, Los ~laros studr “eals with cre earthquake effect--yeduction of
coclirg ‘o plates followirg scram; Zattelle stucdy considers trieflr

charges ir core zeometrw, with arother consideratior of Tloodlirg, and
el-aurere a corsideratior of reactivisr acciderts, fire, and chenmical reacticns,
sac: corsidered separatelv. Il :=ase provide all aralrses cf fisslor

sraduct release ar? dose estimates corsequer<ial *¢ an accidert initlated

= earthquake “u: which resulied ir ar occurrerce wilch comtined two or

mave 5° *he effects the la“oratorr stuwdles aralyzed sirzlv, Jor example,
reductic~ ir coolire “ollowirg a temperature rise caused Iy earthquake-
{rduced reactivitir irsertion, PFlease provide all aralr’ses periormed =

or for 3ta®® of such conmon-rmode events; 1.e. the possitle per:utatiorS

af ‘wo or more everts caused Y same initiatirg event (earthouake),

"
re.ea

e W

)

32 o, 3-1
177
-

7, Please provide all facts rcu can produce that support the statemert
that the reactor is "in awell draired locatior.”

\‘1(13°.?a 'aster's thesis prepared oy Richard lee Rudmar entitled "3imulatior
X; 5+ zarthquake-Induced Vitrations ir a UCLA Peactor Fuel 3urdle" dated

1062 pefers to the Cctober 1066 vibration ‘ests of producing accelerations
o a maximum of .01 g rather than the .lg reported ir the 2ER, Tlease
trdicate which is the correct figure and show all facts you can produce

o support that arswer.

{

139, Plea§e show, b calculation ard refererce (including page # and
paragraph, the extrapolation that produces acceleraticns of .5¢.

~

( 1&0.]What analvsis has 3taff performed to verify the Applicant's conclusior
_fron the "out-ofw-core fuel element vitratlorn tests"? Ir particular,
X wrat aralvsis has 3taff urdertaken as %o the effects of power cscillations

ir corjunctior with other seismically induced reactor effects” Tlease
show said aralyses,

( 1b1:>3035 3taf® consider the Uniform Zuilding code ir effect at the
fTme of the reactor's constructior to include desigr considerations for

seismic ‘orces adeguate for construction of a reactor ir the Los Angeles
region toray” Flease show all “2C guides or other documents that irdicate
adequate seismic desiem for reactor cornstruction in seismically-active
regions car be met bv followirg the guidelires of the 1952 Uniform 3uilding

Code.

-~

142, 3R states: "According to the irformatior in the application, nreither
the reactor facility or other campus structures suffered any structural
damage due to the severe earthquakes in 10¢€2 ard 1971,"

a. Describe all efforts made by 3taf to ascertalir tne accuracy of
the irformatior from the Applicatior cited above ard provide all independent
irformatior obtair b 3taff,



EXHIBIT K

from Staff's March 17, 1982, Responses
to CBG's Interrogatories
as to
the Safety Evaluation Rept.



Interrogatory Number 39

(d)-(e). No information available.

Interrogitory Number 40

(a). Presumably the design requirements contained in the Uniform
Building Code requirements include an adequate safety factor as do all
structural design guides. For detailed information see the Uniform
Building Code and associated references.

(b). Uniform Building Code - However SER indicates that public
safety is only minimally affected by a seismically induced collapse of
the superstructure onto the reactor.

(c). Refer to the Uniform Building Code.

(d)(e). Staff did not consider it necessary to determine the size
or location of any faults since the analysis in the SER assumed that a
maximum damaging earthquake would occur.

(f). See (d)(e).

(g). Sez (d)(e).

(h). See (d)(e).

(i). No information.

(j). No.

Interrogatory Number 43

None.

Interrogatory Number 44

No. This was not required.

Interrogatory Number 50

No



= I »

assumed that they would verify the various prevalent meterological conditions
from which subsequent calculations of dilution and concentration can be
developed.

Interrogatory Number 129

See correspondence referenced in responses 127 and 128.

Interrogatory Number 132

(a). Two visits.
(b). April and September, 1980.
(¢). 1 don't recall the total number of hours.

Interrogatory Number 134

No information. Well construction and/or use was not considered
in the SER.

Interrogatory Number 135

No information.

Interrogatory Number 138

No informatior.

Interrogatory Number 140

None.

Interrogatory Number 141

SER indicates a severe earthquake would have little effect on local
or regional safety from consequences to the UCLA reactor. Accordingly,
no analyses were done.

Interrogatory Number 144

Unknown.



EXHIBIT L

from CBG's 4/20/81 Interrogatories to Applicant



from CBG's 4/20/81
Interrogatories
XVII =1

INTERROCATORIES AS TO CONTENTION XVII
*Seismic”

Intervenor herein incorporates by reference pages 1
through vii of this submission relating to definitions
and general provisiors to be used in answering these

interrcgatories,

& Have the person(s) preparing the answers to these interrogatories
read the definitions and general provisions for these interrogatories

which are set forth on pages i through vii atove?

2. Has any person or persons, other thar Applicant's attornmeys,
furnished information of any type whatsoever used by Applicant in answering
the following interrogatories or provided other assistance in the preparation
of the following interrogatories? If so,
a, Please identify each and every such person,
b, Please state the number of each interrogatory with respect to which
that person was consulted,
c. Please indicate the nature of the information or other assistance
which that person supplied to Applicant in preparatiorn of the

answers to these interrogatories,

3. Page 10 of the NEL 1966-1967 Annual (Specialized Activity)
Report indicates "A U.S. Coast and Geodetic Survey strong motion seismograph
is presently housed in Engineering Unit I at UCIA, Early in 1968 the strong

motion seismograph will be moved to the Nuclear Energy laboratory and the



XVIiI -2

reactor will be instrumerted.”

a, How long prior to 1968 was the strong motion seismograph
housed in Engineerinz Unit I at UCLA?

b, Was it indeed moved to NEL in 19687

¢, If the answer to 3b is negative, was it moved to NEL at some
other time?

d, If the answer to 3c is affirmative, when was 1t moved?

e, Is the strong motion seismograph still in place at NEL?

f, If not, where is it located?

g. In what form(s) do data from that seismograph exist’

h. Does Applicant have any records of data from that seismograph?

i, If the answer to h is affirmative, specify all such records
Applicant has in 1ts possession, includirg the period of time covered by
said records, and whether Applicant will produce said records absent a formal
motion to produce?

J. What other records of cata from that seismograph exist or may
exist tut are or may be in the possession of others than Applicant,
and in whose possession are those records (including institutior,
name of custodian of records, address, and phone number, )?

k. What is meant by the statement quoted in 3 above that "the
reactor will be instrumented.”™” Precisely what kinds of instruments
were to be assoclated with the reactor, and precisely where were they to

be placed?

L, What other seismographs or other seismic instruments exist on
the UCIA campus? Flease specify the type of instrument, its precise
location on the campus, the nature and period of time of records of data

from said instrument, the custodian of said records, and whether Applicart



XVII -3

will produce said records absent a formal motion to produce,

Se Besides those instruments identified in response to
interrogatories 4 and 3, specify all instruments which might provide
data or other indications of the response of the NEL reactor a.nd/or
Soelter Hall to seismic activity.

a, Flease indicate the nature of the instrument, iis precise
location, the period of time it has or had been in place, the nature
of the data produced and the form in which it is or was recorded,
the custodian of such records, and whether Applicant will produce said

records absent a formal motion to produce.

é. Page 10 of the 1966-1967 Annual (Specialized Activity) Report
indicates that Professor Matthiessen "is conducting a two-year vibration
study of the reactor building ard its associated laboratory. These
experiments have been conducted while part of the btuilding has beer
under construction and provide detailed information about the duilding
response, "

a, What were the results of the two-year vitration study?

b, Were any seismic vulnerabdilities of the btuilding or the reactor
indicated or suggested during the study”?

¢, If so, precisely what vulnerabilities were indicated or suggested”

d, If no vulnerabilities were suggested or indicated during the study,
does Applicant contend the study was comprehensive and exhaustive enough
to support a conclusion of no seismic vulnerability”?

e, What published reports, papers, articles, or books resulted from

the study? Flease specify date of publication & jeurnal or publisher,



XVII <4

f. What unpublished reports, papers, articles, or manuscripts resulted
from the study”? Will Applicant produce said materials ahsent a formal motion
to produce?

g. ¥Yhat data was generated in the course of the study, in what form
is that data, who is its custodian, and will Applicant produce records

of said data absent a formal motion to produce?

7. Page 9 of the 1966-67 Annual (Specialized Activity) Report
refers to "vitration tests of reactor structures” and concludes: "Despite
core accelerations reaching C.1 G, the reactor operated without any
anomalous behavior."

a, What is the maximum core acceleration possible (in the N-S, E W,
and vertical directions) from a maximum earthquake affecting the react:~7

b, If the maximum core accelerations possible are greater thar 0,1 G,
what relevance does Applicant contend the vitration tests have for indicating
reactor response during a maximum earthquake?

¢, Did the scram mecnanism shut the reactor down at any point during
the vitration tests?

d. If not, at what level of core acceleration would the reactor
scram autometically?

e, How was the answer to 7d determined?” Please provide all calculations,
and indicate all studies, reports, and other documents that support the
answer to 7d and indicate whether Applicant will produce said documents
absent a formal motion to produce,

f, Has the scram mechanism that is to shut the reactor down automatically
in case of earthquake ever been tested” If so, please give dates of said tests,
results of sald tests, and indicate all documents related to said tests and

whether Applicant will produce said documents absent & formal motion to produce,
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8, Fage 11I1/5-2 of Application states, "The Uniform Building Code,
representing the accumulated wisdom of the engineering profession in this
field, takes specific account of the earthquake hazard, Virtually none
ef the structures tuilt according to the specifications of this Code have
suffered any damage from earthquakes.”

a, Do these two sentences appear verbtatiu in the UCLA 1960 Hazards
Analysis on page 9?

b, If the answer to fa is affirmative, what specific efforts were made
by Applicant to determine that the accuracy of that statement had not been
altered in the cwenty years since it had been written?

¢, When was the Uniform Building Code, according to which the UCLA
reactor building was built, written?

d, Has 1t been revised since? If so, zlease indicate the date of the
revisions,

e, Does the Uniform Building Code that was in effect at the time of
the construction of the UCLA reactor and the reactor building take specific
account of bullding code provisions for reactors and reactor tuildings?

If so, please specify the sections of the Code that so apply.

f. According to applicable regulations today, could a nuclear reactor
bullding be built today according to the Uniform Suilding Code provisions
in effect when the UCLA reactor was built?

€. If the answer to 8f is affirmative, please cite the various regulation
sections which support that answer.

h, If the answer to 8f is negative, please cite the various regulation
sections which support that answer.

{. Did Applicant assess the experience of Code-complying structures
during the Imperial Valley earthquake of October 15, 1379, prior to making

the above-quoted statement in its Application for license renewal?
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j. Did Applicant assess the experience of Code-complying structures
during the Imperial Valley earthquake of Cctober 15, 1979, prior to making
the above-quoied statement in its Application for license renewal?

k., If the answer to i1 or j is affirmative, please indicate how
that assessment was made and what its results were,

1, If the answer to 1 or j is negative, please indicate on what btasis
Applicant determined the 1960 statement to still be applicable in 1980,
absent a review of such recent earthquake experience,

m, Please indicate all UCLA geoclogists, geophysicists, earth scientists,
structural engineers, or other specialists in seismic strength of structures
who we re consulted prior to making the above-quoted statement in 1980 and
the nature of the information they provided.

n, Flease indicate all non-UCLA geologists, geophysicists, earth scientists,
structural engineers, or other speclalists in uinilc strength of structures
who were consulted prior to making the abovo-quotad'lutonont in 1980
and the nature of the information they provided,

o. Please indicate all geologists, geophysicists, earth scientists,
structural engineers, or other specialists in seismic strength of structures
whe have been consulted subsequent to the above-gquoted statement being
submitted in the Application and the nature of the information they

provided,

9. Page 9 of the 1966-67 Annual (Specialized Activity) Report
refers to "vilration teste of reactor structures” and concludes: "Despite
core accelerations reaching 0,1 G, the reactor operated without any
anomal,us behavior,"

a: a Master's thesis prepared by Richard Lee Rudman entitled

"Simul’tion of Earthquake-Induced Vitrations in a UCIA Reactor Fuel

Bundle"” dated 1968 refers to the October, 1966, vitration tests and
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states: "“there were no scrams and power operation could be controlled
manually or by the automatic controller despite the vitrations and peak
accelerations in the core area of 0,01g", Which is the correct figure
for peak core accelerations--0,01 G or 0,1 G? (Rudman quote from p., 1 of thesis.)

b, Flease indicate the cause of the discrepancy.

10, The master's thesis by Rudman referred to in interrogatory

Ga states: "Vitti has shown that increasing the space between adjacent
fuel plates results in a positive reactivity change, The moderator gap
between ad joining fuel plates is approximately one-half of the optimum
moderating distance., The present plate spacing is a nominal 0,137 in, while
the spacing required for optimum neutron thermalization was experimentally
determined by Vitti to be 0,290 in.” (p. 3)

a."Since the reactor lattice spacing is optimized .for minimum
crititi'ul mass, any structural rearrangements which might result from a
severe earth shock would reduce reactivity,” (Application, page III/3-2).
Flease explain the apparent contradiction between the Ruiman statement
and that from the Application,

b, If there is a contradiction, which statement is correct?

¢. On what btasis does Applicant make its answer to 10b?

d, Rudman indicates in his thesis that on one run of the 1966
vibration tests a power oscillation was detected., His thesis concluded
that seismically-induced vitrations could cause positive reactivity effects
and power changes, but that at the rate of core accelerations being studied
the effects from that alone would not be catastrophic, How does Applicant
respond to Rudman's conclusions of possible positive reactivity effects
which contrast with Applicant's statement quoted in 10a above that any

severe seismic effect would reduce reactivity?
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11, Page II1/3-1 of the Application states: "The nearest major
fault is the Inglewood fault running in a north-westerly direction about
two miles east of the campus.”

a, Smith and Matthiesen's "Vibration Testing and Earthquake Response
of Nuclear Reactors” at page 16 indicates that the Inglewood fault is
"considered responsible for the 1933 Long Beach earthquake."” Does
Applicant take issue with this statement by Smith and Matthiesen?

b, If the answer to lla is negative, why was this information not
included in the Application when discussing area seismolog; and the
Inglewood fault in particular?

c. Has Applicant assessed the ground motion, building accelerations,
degree of destruction, and other relevant seismic information from the
1933 Long Beach earthquake as these relate to the maximum earthquake possible
along the Inglewood fault and the possible effects of such a maximum
earthquake upon the reactor structure and upon Boelter Hall?

d., If the answer to llc is affirmative, please indicate the results of
that assessment and describe all documents in Applicant's possession which
provide information useful in that assessment and whether Applicant will

produce said documents absent a formal motion to produce?

12, In the third floor equipment room, is there a demineralized
water system or part thereof? if yes,

a, describe precisely the system or the part thereof

b, whether a tank of water is there and if so, the size of the tank

and volume of water contained therein

p 55 4 On the eight f'oor in the area inside the windscreen wherein
is contained the reactor exhaust stack, is there an aiiconditioning apparatus”

If so,
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and calculations and identify all documents from which this an-
gwer was taken, Will Applicant provide all such documents absent
a formal motion to produce?
e. What level of accelerations are the sample, core and top
shielding secured against

il in the upward vertical direction

ii) in the E-J direction

iii) in the =3 direction

iv} laterally
f. Please provide all facts and calculations upon which the
answer to e was made, Identify all documents upon which it
was based, Will Applicant produce all such documents absent
a formal motion to produce?
g. Please provide a drawing of secured expariments in an irradi-
ation port showing the spacer-and graphite plug and means of
inserting the experiment into the port. #hat precisely is the
spacer made of, and on what is it supported, and how is it secured?
h, Please provide all facts, and calculations upon which this
statement is based: "Cohesive forces sufficient to produce down-
ward accelerations greater than 1 g are unlikely." Please
identify all studies, experiments,articles, literature searches,
reports, and other documents upon which that statement is based.
4111 Applicant produce said documents absent a formal motion

to preduce?
i. The above-quoted statement concludes: "The sample would not

move relative to the core,” Please provide all facts and cal-
culations upon which that conclusion is Dased, Please identify

all documents inown to aApplicant which support or contradict

that conclusion, ./ill Applicant produce all such documents in
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its possession absent a formal motion to produce?

Je Has Applicant done any tests to confirm the statement quoted
at the beginning of this interrogatory? If so, pleaseidentify

all such tests, their dates, and results; also any records that
document those tests, #ill Applicant procduce those records absent
a formal motion to produce?

k. Would not an upward acceleration send the sample flying out

of the reactor core? Please provide all facts and calculations
that support or contradict your answer, and indicate whether

you will produce said documents in your possession absent a
formal motion to produce?

1. Would not the btuilding falling on the reactor have a far greater
impact force upon the reactor than the effect of the ground motion
acceleration alcne on the reactor?

m. Could not the building fall on the reactor {rom the first

wave of the quake and land upon *he reactor at the moment that
the second wave or motion produced a downward acceleration or
upward acceleration?

n. Does Applicant contend that it is impossible for a dynamic
effect of an earthquake event to include several forces acting
upon the reactor in different directions within short intervals
of each other, the resonance effect of which could jerk the sam=-
ple out of the core areal

0. Could a "ping-pong" type reaction occur that could cause the
sanple to bounce out of the reactor core?

pe Could an earthquake crush a sample container? If so, could

the contents be squirted out of the core area, or trickle down

out of the core area? Please give all facts, diagrams, and

calculations in your pcSsession that relate to your answer
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and identify all documents so related and indicate whether you
will produce said documents aosent a formal motion to producd
q. Does applicant contend that no acceleration greater than

1 g in any direction is possible at this reactor? I so, pro-
vide all facts that support that contention, indicate all docu-
ments that support it, and indicave whether you will produce

said documents absent a formal motion to produce?

27. What is the most likely accelerogram spectrum to which the reactor

design must be tested?
a, Has it been so tested?
b, #hat document(s) is answers to #27 and 27a based on?
e, Will Applicant produce said document(s) without a formal
motion to produce?
28, Sirce Applicant has found a natural frequency within the
reactor based on its experimental vibration testing, what dynamic tests
has Applicant done at that frequency to simulate true

earthquake gynamic conditions?

29, Vhat failure testing (testing to failure) of the reactor's
control blade system has been done to assure that they cannot be made to
break off, fallout, jump out, or other wise move relative %o the reactor
core during an earthquake or other sevare shock, causing a sudden reactivity

insertim and a potentially destructive power excursion?

30, <4hat analyses have been done indicating the force, twisting,

shifting, bending, etc, the blades can withstand without breaking;
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a, «hat analyses have been done showing what force would

be necessary to bound the blades out of the core?

b, What is the structurally weakest point for the control
blade system?

¢, “hat documents are the above answers to interrogatory 30-300
vased and will Applicant produce the documents absent a formal

motion to produce?

Would an earthquake causing the collapsing building to fall

the reactor structure cause additional accelerations of two

or three z's?

32,

the Uniform

a, “hat failure testing and other dynamic analyses have been
done to determine what effect such an impact on the reactor
coupledwith ground motion would have on the control blades

and their position relative to the core? (e.g., flipping control
blade up with an upward force and then smack it with a 3 g
downward force and see where it flips up and breaks,)

b, What documents is above answer based on and will Applicant

produce said document(s) absent a formal motion to produce?

/hy is Applicant using the "seismic Zone" classification and
3uilding Code zoning system as a criterion for evaluation?

a. .hat does the seismic zone classification system have %o

do with nuclear reactors?

b, .hat does the "niform Suilding Code have to do with nuclear

reactors?

¢. /hat document(s) are in aipplicant's possession that support

or contradict the answerscontained above, and will applicant

sroduce said document(s) absent a formal motion to produce?
N |
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33. What is the principal capable fault which limits reactor design

at the UCLA site?

W What is the specific potential event at that fault which limits
reactor design at the UCLA site?
a. What is the strain energy release on that fault which is
the limiting condition for reactor design here?
b, ./hat is the accelerogram that would be associated with the

event identified in #74 abovel

35. /hat data are in Applicant's pcssession regarding response of
UCLA's structures to the 1371 earthquake? «#ill Applicant produce said data

absent a formal motion to produce?

36. W/hat is the specific damage that occurred to the UCLA reactor
from the 1971 earthquake referenced in tie 1976 Annual (Specialized activity)
Report on page 3: "The Feburary 1971 earthquake gave rise to minor protlems
that worsened with time and ultimately required a major maintenance effort
in 1972,"
a, Precisely, detail each and every problem that the earthquake
gave rise to,
o, Precisely detail exactly how each problem worsened with tinme,
¢, Precisely detail the maintenance effort made in 1972 to deal
with these problems,
d, +hat documents are in Applicant's nossession (including but
not limited to engineering change orders, maintenance logs, etc.)
that relate to a,d,and ¢ above, Jill applicant produce said

documents absent a formal motion to produce?
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37, applicant's answer of 8-27-30 to ..iC staff question 13 indicates
that the control/shim blades are “firmly fixed to horizontal drive shafts,"”
a, Precisely how are they fixed to the drive shafts?

b, What is the thickness and width of the blade at the point
of connecticn to the drive shaft?

c. Jhat is the blade material at the point of connection

with the drive shaft?

d. /hat is the thickness and material composition of the drive
shaft at the point of connection?

e. hat is the lifetime use of those blades before the connection
with the drive shaft becomes questionable?

f. ./hat force can that point of connection between blade and
drive shaft successfully withstand?

z. #hat failure testing experience and/or other tests and/or
analyses is Applicant aware of regarding the connection point
between the blades and the drive shaft?

h. “hat documents are in Applicant's possession that above
answers are based on, and will Applicant produce said documents

absent a formal motion to produce?

8. +«nat is the t.hicrmess of the magnesium shroud wall around the

control dlades?

39. Anplicant's 8-27-30 answer to .RC staff question 13 indicates

"In regard to the 'frozen-tlade' senario with all four olades locked, it

may be remarked that the reactor has Deen operated in a sirmlation of this
mode for many consecutive hours," Please detail the dates, nature, and results

of this simulation and all documents relating to it, Jill Applicant proguce
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said documents absent a formal motion to produce?

40, +#hat were the accelergrams and maximum accelerations at uClLa
associated with the '52 and '71 earthquakes and how would those compare to
the expected maximum possible? «<hat documents are in Applicant's possession
that the answer is based on, and will applican* praduce said document(s)

absent a formal motion to produce?

41, What data does Applicant possess regarding the seismic experi-
ence of the UCLA area during the Long Zeach earthquake of 19337 .hat
document(s) is answer based upon, and will Applicant procuce said document(s)

absent a formal motion to produce?

L2, Jere any buildings built according to Uniform 3Suilding Code
standards damaged in Long Seach or nearby because of the Long ZSeach earthquake?
vhat document(s) is answer based upon, and will applicant produce said

document(s) absent a formal motion to produce?

43, +hat is the failure point for the top floor of the reactor duilding--
what is the shear stress that can be withstood before it fails? «hat document(s)
is answer based upon, and will Applicant produce said document(s) absent

a formal notion to produce?

e The UCLa Daily -ruin of April 30, 1580, indicates that "University
architects are currently conducting a study of buildings on all UC campuses
to rank them according to their need for seismic renovation."

a., 7hat is the precise rank of the reactor duilding, and

out of how many in the list?

b, #hat specific {indings were made about the reactor ouilding?

¢, «hat is the precise name of the seismic study referenced in
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the above Sruin article?

d, Yhat other seismic studies related to the reactor building
and other buildings on the UCLA campus is applicant aware of?
e, #ill Applicant produce those studies ideniified in ¢ and d

which are in its possession absent a formal motion to producd

45 4hat is the !{aximum Design Zarthquake for which this reactor
was originally built to withstand,
a, Identify all documents upon which your answer is Dased,
b, Is Applicant willing to produce all said documents in its

possession absent a formal motion to produce?

ué, #hat is the .laximum Design Zarthquake applicant currently believes
reactor could withstand?

a, Identify ail documents upon which your answer is based,

b. Is Applicant willing to produce all said documents in its

possession absent a formal motion to produce?

7. Jhat is the Maximum carthquake the reactor could possibly
experience given its siting?
a, Identify all documents upon wnich your answer is Dased,
b, Is applicant willing to produce all said documents in its

possession absent a formal motion to produce?
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in the Application
Le, Precisely on which pages and which sections of pageg/does the

information required by 10 CFR 50,34(b)(1) appear?
a. Please provide all information required by 10 CFR 50,34(b)(1)

that does not already appear in the Application,

Lo, A press statement released by the Chancellor of UC Zerkeley about

the Applicant's research reactor there indicates a number of seismic studies
and analyses and scenarios have been preparsd about the reaction of

the Applicant's reactor in Berkeley to a potential seismic event,

Please describe with specificity the types of analyses Applicant has
conducted regarding seismic questions of its Zerkeley reactor.

Flease identify each and every such study or document, prepared by Applicant
or by others, in Applicant's possession and whether Applicant will produce

saild documents absent a formal motion to produce.



(o)
=
I=

Applicant's Interrogatory Answers dated 5/20/81



from Applicant's Interrogatory Answers dated 5/20/81,

(CONTENTION XVII)

Applicant's Response To Intﬁrrggatogx No. 3.
§ IR

b. It was moved to NEL, probably in 1968 but the

date in not known for sure.
C. Not applicable.
d. Not applicable.
TR
SRR
9. SR

149



h. Not to applicant's knowledge.

i. Not applicable.

J« Unknown, but possibly the USGS, Menlo Park,
California.

k. This likely pertains to accelerometers used in
comjunction with the vibration testing studies.
Applicant does not know precisely where they were

placed.

Applicant's Response To Interrogatory No. 4.

Applicant is aware that the State of California Division
cf Mines and Geology placed approximately ten accelerometers in or
on the Math-Science Structure directly above the reactor building
sometime in the late 1970's. This activity was not related to
reactor operations but apparently to the fact that the Math-Sciences
Building has been the subject of several dynamic response tests
during and since its construction. To applicant's knowledge the
earlier studies were reported in masters thesis which can probably
be located in the engineering library under thenames R. Shannman,

J. Scott and B. Bunce. Applicant's staff have not examined this
literature. To applicant's knowledge the Division of Mines is using
Kinemetrics accelerometer systems, Model CR-1, although it is
believed that no records have been generated yet by this system
since its installation. Apparently the testing is part of a larger
sample testing of buildings in Los Angeles that is being conducted

by the Division of Mines. H. LaGesse of the Division of Mines is
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the individual who services the instruments and collects any data:

California Divisions of Mines, 2811 o Street, Sacramento.

Applicant's Response To Interrogatory No. 5.

Applicant is unaware of any instruments other than those
described in the vibration studies of C.B. Smith, those installed by
the Bureau of Mines, and the USGS instrument.

a. Not applicable.

Applicant's Response To Interrogatory No. 6.

| TR PSR RS SISO S
SRR, . results should be reported in "A
Simulation of Earthquake Effects on the UCLA

Reactor Using Structural Vibrators" by Matthiesen

and Smith, October 1966.

e. Unknown.

f. Unknown.

Applicant's Response To Interrogatory No. 7.

a. Applicant objects to the guestion on the grounds

that it is vague, ambiguous and uncertain.

| D

Ce _ but see operating logs.
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d. PR L.t see any reports made from the

study referenced in Interrogatory no. 6.

e. Not applicable.

€

Applicant's Response To Interrcgatory No. 8.

b, _im—

| ———

d. Y

B e
e

g. Not applicable.

h. Not applicable.

Je
k. Not applicable.
l. There was no reason to believe that that

earthquake experience was relevant.

n. <
<i—

Applicant's Response To Interrogatory No. 9.

a. Applicant objects to the gquestion on the grounds

B i
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b. See response above.

Applicant's Response To Interrogatory No. 10.

a. 1In practice, the mass is mass minimized under a
constant volume constraint, and the Rudman /Vitti
statement represents a more general situation.
Realization of the positive reactivity effect
requires a physical expansion of the core and the

addition of water. There is no contradiction.

b. Not applicable.

C. See response to a, above.

. v e resou
P
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Applicant's Response To Interrogatory No. 11.

| AT

b. The statement adds little to the discussion; in

any case, applicmt*

c. 4

d. Nél applicable.

Applicant's Response To Interrogatory No. 12.

Yes.
a. The system provides demineralized water upon
demand.
b. There are three vessels, one of which contains a
resin de-ionizing bed. The system volume is not

more than 100 gallons.

Applicant's Response To Interrogatory No. 13.

Yes.

a. Applicant objects to the question on the grounds
that the question seeks information which
applicant cannot provide without conducting
extensive scientific and engineering studies and
evaluations. The applicant has neither the time,
nor the personnel, nor the resources to conduct
such studies.

b. See response above.
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Applicant's Response To Interrogatory No. l4.

Q.
P
q.

| 4

1T

The floor panels are approximately 6 inches.
Reinforced concrete.

Yes.

Approximately 2000 square feet.

Approximately 625 square feet.

Reinforced concrete of approximately 150 pounds
per cubic foot.
O; ten tons.

It is not.

l

¢ Unknown.

o

Applicant objects to the question on the grounds
that the information sought is privileged
material that has been held in strict confidence
by applicant in order to insure the security of
the facility and its contents, including its

critical records and documents.
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U. Approximately three weeks.
v. Applicant objects to the gquestion on the grounds
that it is vague, ambiguous and uncertain.

w. Probably the center.

Applicant's Response To Interrcgatory No. 15.

a. Reinforced concrete.
b. P requires detailed examination of working

drawings and specifications.

B
| T AT,
| ARERGIERS RSN
B

h. m
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Applicant's Response To Interrogatory No. 16.
e
‘:Wa'

nor

a. See respconse above.

b. Not applicable.

C. Not applicable.

B c ) T e —
e 7 OuSh applicant eummmesy the

inglewood fault is the most likely seismological
feature to cause a severely destructive earth-

quake at UCLA.

Applicarnt's Response To Interrogatory No. 17.

N T W

a. Not applicable.

b. Not applicable.
C. Not applicable.

d. Not applicable.
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Applicant's Response To Interrogatory No. 18.

S T S WS

a. Not applicable.

b. Not applicable.
C. Not applicable.

d. Nect applicable.

Applicant's Response To Interrogatory No. ;g;

a. Not applicable.
b. Not applicable.
C. Not applicable.

d. Not applicable.

Applicant's Response To Interggggtory No. 20.

a. Not applicable.
b. Not applicable.
C. Not applicable.

d. Not appl.cable.

Applicant's Response To Interrogatory No. e

AR AT

a. Not applicable.

b. Not applicaule.

C. Not applicaktle.
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Applicant's Response To Interrogatory No. 22.

The seismic scram interlocks are not specifically earth-

quake sensors, and are referred to by applicant as "closure

sensors." They are conventional microswitches, six in number, wired

in series, and are actuated by displacements of the shield blocks.

b.

£.

Assuming the sensor is actuated, the sensor
response time is almost instantaneous. The shut
down time in dictated by rod drop time (less than
one second) or time to dump core water (approxi=-
mately 20 seconds to dump 208 of the water).
After either of these events, the power level
will decay exponentially from the prompt-drop
level on an 80 second period.

Displacements of approximately one-eighth to
three-sixteenths inches will actuate the sensors.
Not to applicant's knowledge.

Circuit continuity is checked prior to each
reactor start-up. Positioning is checked
whenever shield blocks are moved for core
maintenance.

Not applicable.

Not to applicant's knowledge.

None, except for what applicant has mentioned in
response to these in%errogatories.

None.

No.
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j« Yes.

k. Unknown.

l. None.

i« Applicant is undecided at this time and will make
a determinaton as to the documents it will
produce only after a request for production is

received.

Applicant's Response To Interrogatory No. 23.

A —————re v

:i-ﬁiiliiiiii.ii‘l.
gillﬂlllllliilllll.

c. Not ' "

Applicant's Response To Interrogatory No. 24.

RS
R S RN
TG

pr T e—

Applicant's Response To Interrogatory No. 25.
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Applicant's Response To Interrogatory No. 26.

b.

g.
h.

Yes.
Those that would bond (in tension) the foundation
to any underlying soil that might be hypothesized

to accelerate downward at more than one g.

’Applicant is undecided at this time

and will make a determinatcon as to the documents
it will produce only after a request for
production is received.
Anything less than one g. The facts are normally
expressed by the physical laws of Sir Isaac
Newton (1642-1727), English mathematician and
natural philosopher.
TR T AR SR
Not applicable.
See Exhibit B.
It is a general observation to the effect that
most soils have negligible tensile strength.

. e
ARCICNRDAS RS Re -
the absence of any facts, information or
documents which would contradict applicant's

response.



i. It is a general conclusion based upcn the stated

PEETLISES and  m et
B

k. Applicant objects to the question on the grounds
that it is vague, ambiguous and uncertain,

1. G

T

N Sl

©. Applicant objects to the ques*ion on the grounds

that it is vague, ambiguous and uncertain.

P.
q.

Applicant's Response To Interrogatory No. 27.

A ——
R N AT S G S SRS,

B e i et T
QML
i D o MR P S 20 SO A ARSI

Applicant's Response To Interrogatory No. 28.

et Sl L T —

Applicant's Response To Interrogatory No. 29.

e N
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Applicant's Response To Interrogatory No. 30.

Applicant's Response To Interrogatory No. 31.

a A
b. Not applicable.

Applicant's Response To Interrogatory No. 32.

O ; the items are merely relevant factors.

Applicant's Response To Interrogatory No. 33.

Applicant's Response To Interrogatory No. 34.

e
P il

b. Not applicable.




Applicant's Response To Interrogatory No. 35.

To applicant's knowledge the only data that may be in
existence relates to routine maintenance reports, work orders, etc.
Applicant is undecided at this time and will make a determinaton as
to the documents it will produce only after a request for production

is received.

Applicant's Response To Interrogatory No. 36.

Applicant's staff believes that the attribution of a water
leak to the earthquake was found, upon core entry, to be either
erroneous or at least not clearly related to the earthquake.
Applicant's staff believes that the leak source was ultimately
traced to corrosion in piping that was embedded in concrete below
the core rather than piping or fuel box failure within the core.

To the extent that the applicant has knowledge of the information

requested it is contained in applicant's records and documents,

although such records and documents are likely to be incomplete

particularly for the earlier years of reactor operations. The

following records and documents are the main sources of such

information as applicant has available: documents no. 1, 2, 3, Sa

and 10.

a. See response above.

D. See response above.

C. See response above. Applicant has observed that
the imbedded piping was abandoned and new piping

was substituted by core drilling for passage
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through the concrete. New fuel boxes were built
to adapt to the new piping.

d. See response above. Applicant is undecided at
this time and will make a determinaton as to the
documents it will produce only after a request

for production is received.

Applicant's Response To Interrogatory No. 37.

a. The information requested can be found in the
following records and documents: document no.
41.

b. See response above.

C. See response above.

d. See response above.

e. Unknown.

f. Unknown.

g. None.

h. See a above.

Applicant's Response To Interrogatory No. 38.

Approximately one-eighth inch.

Applicant's Response To Interrogatory No. 39.

To the extent that the applicant has knowledge of the
information requested it is contained in applicant's records and

documents, although such records and documents are likely to be

165



incomplete particularly for the earlier years of reactor opera-
tions. The following records and documents are the main sources of

such informa“ion as applicant has available: document no. 1.

Applicant's Response To Interrogatory No. 40.

aEE——

Applicant's Response To Interrogatory No. 41.

A A S A 55 M1 KNP ;.

Applicant's Response To Interrogatory No. 42.

Not to applicant's knowledge; it is unlikely that the

Uniform Building Code was in effect. .

Applicant's Response To Interrogatory No. 43.

SRR

Applicant's Response To Interrogatory No. 44.

The Daily Bruin article is in error. The University has
contracted with outside consultants to prepare a study of UC build-
ings. The study is to establish priorities for the funding of
seismic studies by the state in the future. The current study is
not a seismic study at all. The study is in progress but it is
expected that the study will be completed and reported to the state
within the next several months. The buildings will apparently be

ranked according to square footage, occupancy, type construction,
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reconstruction costs and other factors. The entire *findings” for
each building will be contained on a single line entry and will
consist only of the type factors mentioned above. On the basis of

the rankings the state will decide for which buildings it will fund

seismic studies.

~

a. See réspdnée above.
b. See response above.
C. Unknown.

d. None.

€. Applicant is undecided at this time and will make
a determinaton as to the documents it will
produce only after a request tor producticon is

received.

’pplicant's Response To Interrogatory No. 45.

a. Not applicable.

b. Not applicable.

Applicant's Response To Interrogatory No. 46.

a. Not applicable.

b. Not applicable.

Applicant's Response To Interrogatory No. 47.

g————
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EXHIBIT JHEET

Exhibit

Declaration of Dr. Sheldon C, Plotkin
Photographs taken by Dr. Plotkin
FEMA Report selections é
Estimates of the Risks Associated with Dam Fail selections
Photos of 1971 Olive View Hospital Quake Damage and related
items from 3econd Report of the Governor's Earthquake Council
Abstract from California Division of Mines and Geology
Special Report 114 "A Review of the Geology and Earthquake
History of the Newport-Inglewood 3tructural Zone,
Southern California”, 1974
portion of NUREG/CR-2198
1958 Uniform Building Code
1979 Uniform Building Code
portions of CBEG's July 31, 1981 Interrogatories to NRC Jtaff
as to the SER
portions of 3taff's res es to said Interrogatories
portions of CBG's 4/20/81 Interrogatories to Applicant
portions of Applicant's 5/20/81 responses to said Intcrzoptorhszj
portions of Preliminary Geologic Environmental Map of the Greater
Los Angeles Area, California (A Study Pertinent to Nuclear
Facility 3iting and Design) prepared by National Center 8/
for Barthquake Research, USGS, prepared on behalf of USAEC, 1970
0 Map of the Newport-Inglewood Structural Zone and Other Structural
Features of the Los Angeles Area, Jouthern Californie, 2/
by Zalifornia Division of Mines and Geology, 1974
P Map of Beverly Hills Quadrangle Special Studies Zone Yy ly
California Division of Mines and Geology

= BOOwW>

XA

ZFT 'R

6/ prepared under AEC contract by UCLA 3chool of Engineering; two of the
authors were Thomas Hicks, the late Director of NEL, and David Okrent,
formerly on Radiation Use Committee, currently on Radiation 3afety Committee,
at UCIA.

7/ emphasis has been added by underlining key admissions

8/ reactor site locatlion has been added by an *+" mark

9/ reactor site location has been added by an "+" mark

}Q/ the map only shows the faults within the special studies zone, marked
by stralght-line segments connecting encircled turning points; in this
case, all that is shown is one trace of the Newport-Inglewood Fault,

indicating its proximity to UCLA and possible even closer proximity due
to uncertainties about its endpoint.



a. Not applicable.
b. Not applicable.

Applicant's Response To Interrogatory No. 48.

No information is required.

a. Not applicable.

Applicant's Response To Interrogatory No. 49.

Not to the knowledge of applicant's staff.



