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ABSTRACT 

The process of fitttag the 'building projeet withill the budget limitation 

ie diacwuted. lncl~ed are such matters M th.e a.Uoeatton and organization of 

interior apace on the ~ila of accelerator application. provision £or possible 

.future changes, and the influence of the selected site anct.ite topography on the 

building deaign. The £actors that determined the choice of steel fram~ and 

steel aiding are listed. The aelection and development of utilities for present 

and planned future needs, especially the high•pudty water sy•teme. are 

summarized. An overall review is ma.c:le of the building project, with an eval­

uation of basic design, adequacy of utUitiee u.d equipment. project acheduling • 

. and coorc:15.Utlbn. 
~, . ._ 
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. It waa evident that the time element f9r the building conatruction (including 

deelgn) had become a. critical factor. · A delay heJ:e could indeed delay the whole 

project. Emphasis was thei-efore put on all meaeu.ree that would reduce time. 

Since a site ha4 not yet been choaen aU plauing was directed f~d~ ideal 

.. solution, particularly witbrespect to functional (or area) relationahips. 

2. B~~diltf !~t~ 

. The iureue in building project alae also complicated the problem of 

wdug. the site eventually proposed:. Special provisions for future expansions hacl· 

to be incorporated in the present d.eaign because of maay aite limitations. Neverthe· 

less. the importance of the site location (near the Umversity of California campus 

and Laboratory Cbem.letry building) outweighed other considerations. Of the 

limitations the two moat important .ones were restrictions in-size with respect . 
to future horizontal expansion and proximity to a reeiciential neighborhood. After 

this important decision·· had been made the work could begin on fitting the building 

project withlD the Umita set by coat, time, and. D.atu.r-.1 environment. The size 

and relationships of the varioua ueas worked out ~d#.ing the prelimiu.ry studies 

proved to be very useful. ln the aciaptation of this tpreeite' plaD, advantage waa 

taken of tl1e steep hillside by ct-eating shelves for the principal building parte. 

The elevatlou of these ah•lveta were calculated to achieve balance btetween . ·" ., 

excavated and.lcompactecl earth. This :resulted in. a Z·acre site. allowing some 

· space for future expansion.· 

To save time the eite was prepaJ'ed during the summer prior to the 

COmpletion of the buildin.g COnStruction clocuments. Delayl JlOrmally eausecl by 

inclement weather were thus avoided. 

At the pl!eplanning stage it bad. been aareed that the cyclotron should. be 

surrounded on all eid.e8 with portable ahielciing p).ocka. This was a requirement 

baaed on experience with the other aoeelerato:re at our Laboratory, which had 

, 
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demonstrated the need for the greatest amoum oi flexibility. The ahielaing 

walls should be of adequate tblelmeee to permit UDlimited time occupaacy on 

all aides, except on the aide where the u'beam" was extracted. Calculations 

established that a lO·ft-thick wall of 150..lb/ft3 concrete would m.eet ~e safety 

.atandud. ~hese req,uirementa, together with estimated need for -.perlmental 
. . 

area and so-called atagiag a;'ea, c1etermlne4 the alae of the 80 by 150 by 45 tt 
. . . 

hlgh bay. Coat eatima-. of various crane &hies (e. g .• capacity and span) &ftd 
• .• • '!.."T .... 

high-bay apau helped pin down the ao .. ft width u an economical optimum width. 

The sise of the.J.ugeet sh1e14ing block, exietillg experimental mag~b and other 

·Laboratory cranes determined the need for a JO ... ton hoist and an awd.llary S•ton 

hotat for Ughter work. Since the apace Uftder this crane would be the moet 

t!Xpentive, all other area• 110t req;uirlng crane coverage were placed under a 

low•·ba.y •truc:ture. Becauae of the weight ot the cyclotron. the shlel&ng. etc., 

the high-bay apace was loeated on the cut portion of the aite, whe~e loads up to 

10 000 lb/ Itz could. be carried. The rest of the ueaa were located on the downhill 

and~ end (fig. Z). The position of the high bay on the site permitted approx .. 

imately 150 £t along the direction of the external beam to· be used for experimental 

eetupe and also would provide apace for· future expansion of the high anc.tlow bay. 

T.he proximity to the residential neighborhood dictated that all noisy equipment 

be placed indoora. A basement was therefore created to accommodate thia 

equipment, as well aa electric eqUipment, anci tll;e building heating and ventilating 

plant. The hillside gave us the a.dvaatage of truck access fqf the whole basement. 

AU utilities could now be c~rriec:l to the pit under the cyclotron through a tunnel. 

The placement of the coollng tower, he.at exchangers, and associated pwnps on 

the uphill aide of the buUciing gave us a better &atribution of the utility Unes in 

the tunnel (fig. 3). It also created. an isolated area for heat exchangers containing 

potentially uhot" eooling water. 
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.The tutulel could. be ~d as a second aceeas, and as an emergency 

exit from. the cyclotron cave &Ad pit. The uphill pa.rt of the ·tunnel would &lao be 

used. for a large exhauat duct from the cyclotron pit. Areae for experimental 

countins equipment, cyclotron·control, shops and offices were placed above the 

basement on the downhill side. Areas for internal target extraction. radiochemistry 

caves were placed on the opposite or uphill aide, and radiochemistry laboratories 

at the south encl. AU of theae ueaa, in accordance with the preplanning philosophy, 

were kept behind or $0uth of a line drawn through the beam exit or north cyclotron 

shielding wall. 

The toqnda.tloa under the bUilding coneists of continuous and spread 
. I~ . 

footings. All structural material below the main floor level ia reinforced. cc;.ncrete. 

· Thfit floor-load eapacity ie 3000 lb/ft2 in the high bay and lZS for the low bay. 

Except over the basement, all elaba are on gl"a.de. Bell caissons car.ry the weight 

of the cyclotron ehielding roof through the north and aouth walls of the shielding 

en.c:losure. The monolithic 3·lt-th1ck cyclotron foundation is etrueturally separated 

from the rest o£ the slab in the pit.. This was done to minimize transfer of · 

vibration £rom other pans of the building. Also, the low-bay steel strueture 

ia structurally separated from that of the high bay. Thla prevents most of tbe 
' 

vibrations set up by the 'crane from reachtag the electronic equipment. 

The floor surroundiag the eontrol•counting room ·baa been clepreaaed to 

provide space for all electric wires to the. electroaic racks constituting the walls 

of the inner room. Slots ia the depressed floor lead directly to the electrical 

equipment in the basement below. 

Orl:giuaUy it had been our intention to conatrw:t the building o! reinforced 

concrete. but due to the critical time echec:tule it was decided to use industrial 

steel-frame construction with insulated .steel panels (figs -It and S). In the end 

this choice proved to be the time saver that prevented a number of unprediete<l 

delays from pushing the completion date far behind schedule. 
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3. ~af!i~&7~ivi!Y 

All problems concerning radioactivity in its varioua forma were dealt 

with extenalvely. Local willd patterns were studied to find the best locations for 

exhauat from rooms, hooda, glove bOxes, etc. where radioactive materials would 

be h&ncne4 and accidental spills might occur. Since the operation of the cyc:lotron 

would increase the le,.el o! ractioactlvity in air inside the shielded enclosure, it 

was decided. to draw filtered air from the high bay ~:rou1h the eadoaure to prevent 

J."a.dioactlvity from. buUdina up. This ail' was dueted through the uphiU tunnel and 

exhauetec! ia. to the updraft atratream from the cooling tower. About 15 oo: etm 

waa needed to take care o£ this problem. However, f.n order not to increase the 

load. on the cooling tower it was decided to air cool aU electronic equipment in 

the pit. A four•step ventilation system was therefol"e installed, with a maximum 

cap~ity of lZ 000 cfm. The first step. or 4 000 elm, was connected. to the emergency 

circuit. Under normal conditions· an average temperature o£ about 80°:rr will be 

maintained. 

The exhaust ducts £rom the hooda and glove boxea in ~e radlochemiatry 

laboratories were taken out through the uphill wall and. directed up outside the 

edge ()f the roo£ on a separate screened plAtform. This arrangement will permit 

us to add a lutUI'e second story to the low bay without interrupting the research 

work. Future exhausts of various c.\eaigne may be adcled without a disturbing 

effect o~ the present appearance of the building. 

4. Utilities: General 
........ Jiji$.UW b 

The munitipa.l-type. utilities provided were generally already available 

from the immediate environm.ent. 
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Electric power, city water, g-as, eewe.-, telephone, tire alarm, and 

public addJ'eea were all extenaions of the existing Laboratory ayeteD'l••. an4 entail 

no extrao:rdiaary concepts. In the San Francisco Bay Az·ea, private utility companies 

provide aaa, electric energy, and telephone •. Municipalities and special diatricta · 

provide water, sewers, and dl'aiaage-.all at nominal co·sts. Special services such 

ae fire alarm, public adctreas, roada, fen~4a, walk$ and dr>: c:ompr:esaed air, of 

course, are furnished by the Labol'atory. 

A panicle accelerator, such as the as .. tneh cyclotron and ita associated 

laboratories,· does require several £ah·1y exotic intern.u "utilities." namely, high ... 

puri*y cooling water,- tower water, acetylene, aged methane, oxygen. •pedal active .. 

aewel' and moultoring tanks, emergency power, demineralized or distilled water, 
.I 

aad chilled wat-er for air conditi~nin,g. Although not strictly a utility. the high-va.cfium 

-eyate.-n shoUld alSo be mentiol'ltld here-and ita aesoelated cascaded refrigeration 

system ·for supercooling baUles and tret.pa. These eJCOtic ay.atemJJ account fos- a 

considerable amount of the ·thought and inveatment :required to make thh machine 

oper-.tive. 

Exhaust fane. emergency lights, radioactivity monitoring devices,· lire 

al.arm, etc., require an \Ullailing eource of electrical energy. The electrical 

system must be s_o deeip..ed th.t a casual power shutdown wUl llO't cause the spread 

of radioactivity over the entire building. . To. meet this requirement, a 30-kVA 

c:U.esel-driven automatie•&tarting generator is currently being inetallecl. An 

underground oil-stora,ge tank .of 550-gal capacity will provitle 140 hr of emergency 

power. 
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6. Electric Power 

11 t' 1 •• • - 1 •ud 

The basic pqwer .requirement tor the initial machine was met by a. 

Z·MVA unit substation whieh transforms the primary lZ•KV l•phaee p()wer 

to the distributed eecondaJ:Y 480· V 3-phaae-wlth etepdown transformers for 

1ZO/l08 V, and ZZO V lor awd.liary power and bulldlag utUities •. 

The transformer pa4 is designed to allow the easy lnetallatton of 
, 

another 2 MVA unit substation and additional magnet power supplies. 

We have found that, ln genera11 the overall coollng capacity should match 

the lncom~i electric power. The loaaee to atmosphere are more than made up 

foJ' by the air conditioning loads imposed on this eytem. 

Consequently, a. 2 •M W •cl;lpacity cooling tower removed heat from the 

tluoee-plue separate cooling water eyetema. A apace is provided for a.n addi· 

tional Z-MW cooling tower. 

In Berkeley, a 65° F design wet-bulb temper&tul'e is used, and tower 

water at ~5°F maximum supply temperature ia generally expected. The primary 

cooUng water design supply temperatures are 85° F maximum, with typical 

riees through. the cooled equipment of 18° F·. 

The tower i~ an lncluced·draft redwood-filled open-deck type s~t on a 

concrete baat.n. Its cement-asbestos exterior was chosen to blend aesthetically 

with the building exterior. 

s. T~er• Wat!'~ .sxatern 

Most of the tower water is used to cool the primary systems th.rough 

ahell•ancl-tube heat exchangers. Some is circulated in the building for con­

venticma.l ,cooling chores. such as ab coa<litioner and other refrigeration con­

densing water. mechanical•vacumn-pump jacket cooling. etc. The tower water 

piping is predominantly steel. A careful program of tower-water treatment bas 

been instituted to control.:;conosion. 
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'9, T.~~.L!W Con~!~~!,% (LCWJ.~.ActJre,Lo~.~.o~~tivit;y;.l:'W,~) ~x~ste~~ 

High-voltage equipment,. water-cooled 'Vacuum tubes, cyclotron dee. 

d cavities. ~gneta. etc. require a clean coollng w&ter, low in diseolvecl 

aoUde. It has been found both desirable and.neceaaary to provide an exten­

sive sophisticated primary wat~r system using d.emi~ralis.ed water of 5 

mlcromho, or leaa. concluctivity at a pressure of about 100 paig. Copper, 

bra••• and stainleaa ateel piping an4 pumps have been found the moat suitable 

for haftdUng the extremely corrosive demineralized water and tte~g it clean. 

The ah.eU·ancS·tube heat exchangers uaed at our cyclotron are of aUJ-tmonel 

conetruction, with the LCW (and ALCm') in the aheU. Vinyl•linecl surge and 

storage tanka are provided.. and the pumps for these syatems are all•br~m.,~e .. ~ 

.trimmed. with stainleaa steel •. 

The LCW eyatem 1e the general•pul'pose high-voltage cooling system. 

It I.e dletributecl throughout the buUdlng to the powet" supplies, laboratories, 

the bOmbardment areas• and experimental areas. 

The ALCW system ls specially separated system which cools the machine 

itself. particularly those.,parts where activity may be induced directly in the 

cooling water. The ALCW pumps. heat eaehallgera. and surge tank are lo• 

cate4, as previously mdlcated.. on an iaolation pad on the ea.at side of the high 

bay of the building in •1;1ch a location that the contact with the operators wU1 

·· be at a minim:wn. 

.. 

Demlnerallzed water is provided to both ay1tema by means of a. small 

mixed-bed deminera;li~er which reduces the 60• to 150-mic:romho city water 

to 0.5 to 5 micromho conductivity suitable for use in these systems. A 1· to 

5·gpm sUp stream is recycled fl'om the LCW system through the demineraliaer 

to keep the·solids in this system from aecumulatlng. · The AJ.J:;W system has its 

own disposable-type demlner&Uzer cartridges and filtera for recycling. 
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10. ~ottled O..t~e-ss 

The eh.ope and laboratories require. of course, oxygen and ;)acetylene 
, 

£or their opor-atloM. These are provided bom conventional manifolds at the 

bUlldiag exterior •. 
" 

A special "aged. meth&aett system provtdee methane that is at least two 

weeke olcl. through intedor piping to the eounttns equipment. 
·. 

Activ-e wastes are to be disposed of tn special containers provicled in 

the l&boratoriea·and hot ta.r.et areae. These containers will be carefully stop­

pered. then removed to a disposal yard-when required in aeeordanc:e with good 

current pr&etice lor d!spo,;ing of active materials. 
-

However. as a second line of defense. the floor drains an<l sinks in the 

la~ratories an4 target areas, and· the clraiuge from the ALCW area are feel into 

a special active sewer which dra~a into two phenollc•eoated 1 OOO·gal retention 

tanka arrange4 in parallel • 

. These tanka are intended primarUy for holdup or retention. one being 

sample4 and dumped whUe the other is filllng. Should there be an intolerable 

amount of radioactivity ln a given batch of retained sewage, it can be precip .. 

itated and pumped into a tank truck and ·hauled away. A recording device . , 
permanently re·cords the amount of sewerage handled. 

The exterior color ol. the building was aelected in accordance with 

·prevailing views about blending ae much ae possible with the natural aurround­

ip.a•· SOme exceptions were made to a-ccent the structural simplicity. 1n spite 

of the use of commonplace materials and subdued colors, a certain elegance 

baa been achieved. 

The aame almpllcity and restraint regarding colora has been applied 
.. 

on the inside. with the exception of the structural members, which a.re beige, ....... . 

the principal color throughout the building is eggshell white with contrast 
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(or accent)_ color proVided by. equ.lpment, ful'niture, et~. This gives a pleasant 

Ugbt atmosphere and encpuraies· cle•nUness and good. housekeeping. As a 

· consequence safety haearde are reduced.. The light• colored. resilient tiles 

in.the low bay add both to tho pleasant feeling and to the custodian's daUy 

exercise. 
, 

AU rooms have fluorescent light except the hiah bay, where a combine.· 

tion of me-zocury and incav.de.seent light was chosen as the most practical. With 

reapect to daylight in the high bay cmly dilfuaecl glare-free light would be ac• 

.ceptable. Sun rays or excessively bdght light would interfere with the read· . 
ing of dials, scopes. etc. The pniblem was solved very succ·easfully by wsing 

mllky•Whfte pJAst:ic panels projecting into the rooms along the top of the 4S·ft-
. . " . ' 

big~! side .walla. The rest of the buUding- with the exception of basement. 

control•counting area.. and the· ·radiochenlistry laboratories -has clear windows • 

, which afford the occupants a sweeping view of much of ~~ Francisco Bay and 

the aurrouncUng communities. 

In conclusion it should be noted that evesyone in;volvecl on the 88-inch• 

cyclotron project directly or indirectly contributed *o the ove&-a.U planning and 

design. An intimate working rela.tionahip was established £rom the beginning 

between the acceh\rator a.tt.d building pJ."oject people. Decisions were in general 

made by eonaensu$. which in our opinion helped substantially to integrate the 

accelerator ancl the associated equipment a.ncl uUlities with the building and 

eite. This also resulted in re4uetion o£ conflicting problema· and eim.pliliea-
, ' _ .... "-

tion in the overall deeip. 
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FlOURE CAPTIONS 

. . 

. Ftg. 1. Grouping and functional relationships Qf areas. 

Fig. z. BuUding anct site ,la.a. 

Fli• 3. . Isometric section through buiWng &ad site. 

Fig. 4. Aerial view of building. 

Fig. 5. South an<i entrance view of buUding.-
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