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Many studies [1 « 9] have been made by and for the Lawrence Livermore National
Ladoratory (LINL) to ensure the seimic afety of {ts Plutonium Facility (Building
332), These studies nave inoluded seismaclogical and geologic f4eld investigstions to
defins the actual seismmic hazard sxisting at the Laboratory site as well 2a structural
studies of the Faoility itaelf. Besauue the basic seismic design oriteriz has undergone
changes over the years, numerous atructural studies wid upgrades have besn oomplated.
The seisaic criteris in use at the LLHL site {s revieved o a aontinuing basis as nsw
information on the seimicity and geology of the Livermors Valley is obtained. At
present, the Laboratory's Earth Sciecea Division {s conduoting s multi-million dollar
program to identify and charscterize the geologio hazards st the Livermore site, with
the primary emphasis on eerthquake hazards in the Livermore Valiey. This effort is

undergoing an independent review b; Woodward-Clyde Assccistes.

Additionslly, because of

inmcreased concerns over the suismic safety of Bullding 332, the Laboratiry has initiated
an independant structural revied. This review effort will be monitored by the
California Seismic Safety Commissim to ensure its indepondence. Both of these studies

are in their early stages and results ars not yet available.

Syork performed under the auspices of the U.S. Department of Ensrgy by the Lawrence
Liversore ¥ational Laboratory under contraot number W-TUOS-ENG-4B.
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1. Introduotion

The Lawrence Livernore National Laboratory (LLNL) conducts basic chemical and
metallurgical research as part of the U.S. Nuclear Weapons Program. This ressarch
inoludes radicactive materials such as plutonium, which could be most hazardous to the
body if inhaled. The Laboratory has a plutonium handling facility designed and built to
assure the health and safety of the publia and Laboratory employeas. Because the
facility is located in Livermore, California, which is considerad to be quite active
selsaloally, the Laboratory has spent conasiderable effort to ensure its seismic
integrity.

This paper aurmarizes the steps taken by LLNL to ensure the structural capabilities
of the .aboratory's plutoniua faeility to resist future earthquakes.

2, Plutonium Facility Description

LLNL'a Plutonium Facility, Building 332, was built expressly for handiing
plutenium. In plan view, it looks like two buildings with & narrow connection betwsen
tham (ses Fig. 1). Plutenfum is handled only in the facilities radicactive matarials
area, Increments ! and 3. Increment 1 includes off{ces, a mechanical-equipment rooca,
dressing rooms, plutonium laboratories, and a loft that housss the ventilation aystem.
Increment 3 inoludos the corridor and air lock, a small control room, the main plutonius
storage vault, four lurge laboratories, and a basement that houses mechanical equipment,
the ventilation systen, and emergency power and water supplies. Inorement 2 is a minor
addition in the corner whare tha connecting Increment 3 structure pests Increment 1,
The plutonjum handling areas are réinforced concrete, shear-wall construction.

Punotionally, the design of the faoility is based on erecting multiple barriers to
the propagation of fires and to the formation and releass of plutonium particulates.
These barriers are gloveboxes, the ventilatic. system, and the structurs of the bullding
1tasls,

These barriers, togsther with the safety measures adopted in operating the building,
constitute the proteavion LLNL provides both to Laboratory extloyees and to the public
against the pciential bazards of plutonium.

3. Seismic Design Basis

The plutonium facility, Inorement 1, completed in 1961, was designed and built in
accordance with the Uniform Building Code. After the San Fernando earthquake of
February 1971, LLNL examined in detail the seismic hazard for the Laboratory site [1].
Ar independent englneering and geology firm was eagaged to carry out both a
ssismological and geologic field investigaticn of the area [2,3]. From this
investigation, it was concluded that the maximm ground motion lavel at the site would
be 2 torizontal accelsration of 0.5 g with no evidence of a potential for surface offset
near the plutonium facility. This 0.5 g saximum horizontal scosleration and a response
speatrus s eatablished as the design-basis earthquake® for the Livermors site. After
a detalled review of the 1972 atudy, LLNL's staff in 1974 derivei a value of 0.8 g for
the maxipum horizontal acoelsratien of the ground due to sarthquake shaking [8). In

#he design basls earthqualke for a aite 15 definad aa the sarthquake that will produce
the maximm possible ground motion &t the site, after which struatures, aystems, ad
components important to safety masociated with facilities which house radicactive
naterials must remain functional.
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light of this result, the LLNL staff is using this higher ground moticn value to
re-gvaluate all Laboratary facilitles that house radicactive materisl at the Livermore
site.

4, Structural Studies and Upgrading

Because of changing seismic design critoris over thy yeirs, numercus structural
studies and upgrading have busn completed.

Incrsment 1 wvas desigped and built entirely of reinforced oonorete. In 1973, LLNL
staff conducted a strustural analysis of both the loft atructure and the radioactive
matsrials area [6)., Results from this analysis indicated that the radioective metarigls
area would easily resist the 0,5 g leval but that the loft struaturs, which is
constructed of a moment-resisting stesl space frans, nesded modification. In 1975,
modifications were designed and made to the loft structure so that it could resist the
0.5 g design basis earthquake.

Increment 3, a two-story reinforced-conorate structure, was designed in 1973. The
design eriterion was the 0.5 g design basis sarthquake. Both time history and responsas
spectrunm methods of analysis were used, LLNL staff reviewsd the design caleulations and
agreed that Increment 3 could adequately resist the design basis earthquaks.

In 1973, LLNL initiated = Laboratory-vwide program ta secure gloveboxes, equipment,
and systemy against ahaking cansed by earthquakes. Throughout the Laboratory, all such
items that needed to ba tied down were secured against a seismic lcading equivalent to &
2.0 g horizontal accalsration. LLNL alao did some oonfirmatory experimantal
investigations into the integrity of glovebotes. In these experiments, the glovebox,
the filter, and the tools insids wers subjected to a ground shoek level of 1.0 g.
Results from these testsa and other analyses by LLNL staff clearly indicate that
glaveboxas like those in the plutonium facility will sasily survive earthquake ground
motions at che 1,0 g lavel without damags.

LLNL is currently in the process of re-avaluating facilities that house appreciabls
amounts of radicactive material at the Livermore aite for a peak ground acceleration of
0.8 g's. Because of public attention centered on the plutonium fasility, this
ra=evaluation concentrated on the as=built struotures of Incremsnts 1 and 3 of Building
332, As part of this re-evaluation, LLHL ataff gssessed the integrity of this facility
to the 0.8 g level by means of s conservative extrapolation of the structural analyses
nade at the 0.5 g ground moticn level. Qur results for Incremsnt 1 show no strustural
problem in the radiosctive materials area; in the loft, however, some local yielding of
column enchor bolts and weld connections may ocour. No structural prablems are
antioipated for Inorement 3 at the 0.8 g peak ground acosleration level. .

The recent controversy surrounding the establishment of the Las Positas fault zine
to the south of the LLML site as mspped by the USGS in 1977, does not adversely affect
the seismic analysis results snd comolusion. The potentisl ground motion levels are mot
ineremsed, and no evidsnoe of a potential for surface offset near the plutonium facility
has besn found.

In the interssts of promoting a consensus concerning the ssiamic hazard at the
Liveracre site, LLNL has recently initiated comprehsnsive field investigations. Ws are
also initiating indepsndent structursl evaluations. Both studies will uas outside
private induatry reviewers,
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5. Site Seismio Safsty Progranm
The overall miassion of the Site Seismic Safety Program (SSSP), which began in

January, 1979, is to identify and characterize geologic hazards at the Livermore site.
Primary emphasis is tc be placed on earthquake hazards in the Livermore Valley. In
addition to tie hazards study, a specific objective of the SSSP is to provids input to
the Geology, Seismology, and Hydrology Seations of the Final Environmental Impact
Statement for the LLNL site. The five major arsas to be considered by the SSSP are:

1.  Re-svaluation of the surface-rupture potential;

2. Re-svaluation of surface and subsurface geology (inoluding definition of

bedrock) ;

3. Improved seismotectonic model;

U, Determination of design basis earthquake;

5. Independent review.

Areas 1, 2, 3, and 4 requirs both a review of all currently available geological and
seimmological information pertinent to the site, and the generation of new information.
The Site Selsmic Safety Program is belng conducted by LLNL's Earth Sclenoes Division and
independently reviewed by Woodward-Clyde Assopiates,

The results of this study will be carefully reviewad with respuat to seismic safety
{ssues relating to LLNL's Plutonium Facility.

6. Independent Review of LLNL Plutonium Facility

Because of increased attention focused on the seismic cafety of LLNL's Plutenium
Facility (Building 332) following the Greenville earthquake sequenos of January, 1980,
the Livermore Laboratory and the San Franoisco Department of Energy Operations Office,
have initiated an independent structural review. The objective of this review is to
provide an independent assesmaent of the expected structural perforsance of the Building
332 structure, systems and components under earthquake generated ground accelerations.

To help insure the independence of the review process, the California Seismic Safety
Commission (CSSC) has agreed to review all phases of the procedure, from the selection
of tha review team to the production of a final report and public mesting to present the
findings of the panel.

As of this writing, the process is in the initial atages of selecting qualified
indspendent reviewsrs. All reviewers under ccnsideration have met the approval of the
CSSC. A minimum of thres revieders will make up the review team. The primary criteria
used to selsct potential reviewers were as follows:

e  Must have broad experience im seismic structural dynamics and structural

engineering.

e  Must be familiar with the characteriaties of Caiifornia earthquakes.

Must have experience in observatinp of struotural damage caused by earthquakes.

o Must comand pser recognition for their work in selsmic engineering and public

respect based on their profeasional achievezents.

¢  Must be practicing in the field cf seismio mginesring, preferably experienced

in addressing tis dynamic bebavior of struotures similar to Building 332, such
that their familiarity with the issues is current and based on expeiience.

¢  Authority to use the title Structural Engineer is highly desirable.

At the conclusion of the review prooess, the review teau will submit a Joint Draft Final
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Repoet to the DOE SAN offica. This report will ther be made available to the CSSC and
tha public in preparation for a public discuasion of the review team findings.

Tie Draft Fimal Report will identify:

s the struoture(a), systems and/or components reviewed;

e  the seismic environzent used in the evaluation;

[] the modsls and msthodology used, including the structural failurs criteria and
the basis for their uss;

e  the Building 332 structure reapmnis anticipated under the seismic environment
and methodology used and specifically & detailed deseription of the nature,
extent and location of the anticipated damage, if any;

e  conclusion reached and any recomendations necesssr:y and feasibls for the
struotural integrity of Building 332,

After the public meeting, the ravicw teas will address relevant public comeents and
any coments or obsarvations offered U;' the CS3C. A Final Report signed by all
revievers will be delivered to the OE.

6. Conelusions

LINL has ecompleted extensive investigations and studias to ensure the seismic
integrisy of Building 332, This work has included both defining a design basis
earthquake for the site and making structural analyssa to evaluate the integrity of the
built-in safeguard barrierse-i.e., the building, the gloveboxes, and the ventilation
system. Additionally, studies are currently undervay to further identify and
charapterize the seismology and geology of the Livermore Valley and to perform an
independent, structural assessment of Building 332.
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Figure Captions

Fig. 1. Plan view of Bldg. 332 (ground floor). The radicactive-materials areas ars
shaded.
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