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ABSTRACT 

UCRL-10079 Rev. 

The development of the· building project and its adaptation to requiremen:ts 

imposed by site, time schedule, and th~! .accelerator is described. Included ar~ 
' \ 

such matters as the allocation and organization of building space in relation to \ 
' . I 

accelerator operation and research func:tiOJOi, provision fo~ poseible future chang~s, 

and the influence of the selected site and its topography on the building design. 

Factors that determined the choice o! ntaterials are discussed. The types of · \ 
\ 
I 

utilities for pretJent and planned future :needs. especially the high-purity water \ 

systems, are summarized. A brief description is given of illumination and buildin~, 
.,.:,, .t \ 

\ colors. 
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1. Preliminary .Planning 
P a J r ,.,...,.._ d _, 

The origh:llal designation of lh'r'J.tEI o.f ihe 88-inch-cyclotron building project 

for budgetary purposes was based principally on the data from the existing 

accelerators at the Laboratory. Although the Laboratory scientists had specified 

the basic requil·ementa for the accele:rator. very little thought had been given to 

'.all the environ.mental COmponents neC4:lfUiary ·to ca1•ry OUt the research work. After 

tentative approval of the project, prclimina•r1r planning was begun in the fall of 1958. 

tuformal cont~.ct was established am.ong the many people who were to gather and 
I . 

evaluate dat<ll., and translate the inforrnation iuto the vast number of parts composing 

. the building proji::ct. As more and more deta.ila were added to the design picture, 

a general organizationaL! relationship war; developed between the various fUnctions 

(fig. 1). A kind of design philosophy evolved-baaed on safety, convenience, and 

siimplicity-which served as a guide h1 fc,irmulating answers to the many problems. 

Since a site had not yet been chosen, all pla.n.ning was directed toward an ideal 

solution, particularly with respect to fu.:nctional (or area) relationships. 

In the budget. proposal a building of about 1 7 000 ft 2 ,. gross, had been 

2 visualhted. During the design period this grew to 34 000 ft • The major part of 

this growth w<:1.s caused by the addition o:~ radiochemistry laboratories and the 

. • placing o.f noisy equipment indoors. No a-.llc)wance for this increase in building 

t Work done under the auspices of the U.S. Atomic Energy Commission. 
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scope had been made in the time schedule of the overall project. It was evident 

that the time element for the. building c•::mstruction (including design) had become 

a critical factor. A delay here could indeed delay the whole project, so much 

importance was attached to any meat1ures that would reduce building-construction 

time. 

2. Building Site - -

/ \ 
I 
I 

' 

The increase in building-project size complicated the problem of using 

the site that wau eventually selected. The advantages of the site with respect 

to ita location near the University of Californ.ia campus and the Lawrence Radiation 

Laboratory Chemistry Building out-weighed other con.siderations. Because of the 

limitatir.)nS of this site, the present building plans had to incorporate provisions 

for futu:re expansion. Among the most important limitations imposed by the site 

were restrictior1s in oize with respect to. fuhue horizontal expansion, and proximity 

to a residential neighborhood. Afte:r the site selection had been made, work could 
. 

begin in fitting the building project within th.~ lh:nits set by cost, time, and natural 

enVi.roru:nent. 'I'he determination of the sh:e and relationships of the various ateas 

worked out du:ring thfa preliminary st1;tdies proved to be very useful. In the 

adaptation of this 11presite 11 plan, adva11tage was taken of the steep hillside by 

cre.a~ing terraces for the principal building parts. The elevations o£ these 

terraces '!ere calculated to achieve bal.ance betvlfeen excavated and compacted 

earth. This resulted in a 2-acre site, which allows some space for future expansion. 
i 

To save time the site was prepared during the summer, prior to the I 
I 

completion.of the bui~ding-construction documents •. · Delays normally caused by, 

inclemel'lt .weather wer.e thus avoided • 

. : .. 

' ~ ' . - ' . ' 
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At the preplanning stage, it had be<m agreed that the cyclotron should be 

~:. 1, ··surrounded on all sides with portable shielding blocks. This was a requirement 
.I 

,' . based on experience with the othe1• ac•.::ele:ratora at our Laboratory, which had 
I 

I 

'demonstra•ted the nec3d for the greatest arrJ.ount of flexibility. The shielding walls 

' .were to be of c-~.dequate thickness to permit tmlin'lited time occupancy on all sides. 

However, on the side~ where the beam norr.n.ally would be extracted, limitations on 

~ccupancy would be set by the adequac:y .of. the shielding of the external beam. 

· ·' Safety standards set the wall thiclrJlleSB at 10 ft. of 150-lb/ft3 concrete. The total 

space required by the cyclotron enclonure, together with estimated need for 

experimental area and so-called staging a1~ea, determined the dimensions of the 

, high bay to 'be 80 by 150 by 45 ft. Cost estimates of variou::z crane sizes (e. g., 

capacity and span) and high-bay spans helped piu down the 80-ft width as an 

econor.nical opt.imu1T.1 width. The size: of the largest shielding block, existing 

• experime_ntal rnagnets, and other l..aboratory c1·anes were determinants in the 

selection of a 30-tor.L hoist and an at'l.xiliary 5-ton hoist for the 88-inch-cyclotron 

crane. Since the space under thi:s crane would be the most expensive, all other 

areas not requiring •crane coverage W~lre placed under a low-bay structure. 

T.he weight O·f the cyclotron, the shielding, etc •• dictated the location of 

the high-bay space on the cut portion of the site, where loads up to 10 000 lb/ft
2 

could be carried. The rest of the areao ,Nere located on the downhill and south 

end (fig. 2). The position of the high bay on the site permitted approximately 

150 ft along the direction of the external beam to be uaed for experimental setups, 

and als1o provided space for l'Uture expa.ndon of the high and low bay. 
. ' 

Pro~:.imity t() the residential neighbo1·hood indicated the placement of all 

noisy equipment indoors. A basement wa.s therefore created to accommodate 

equipznent of this kind, as well as elec:tric equipment, and the building heating 

and ventilating plant. The hillside elope gave us the advantage of truck access 

to the whole baa ement. 

. '/• 
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All utilities were carried to the pit tmde!r the cyclotron through a tunnel. 
I 

The placement of the cooling tower~ hc:at e,.;changers, and associated pumps on the 

uphill side of the building gave us a bet:·;er distribution of the utility lines in the 

tunnef (fig. 3). It ab·~ created an isolated t::.rea. for heat exchangers containing 

potentially nh.ott' cooling water. 

The tunn,~l could be used as a St!Cond access, and as an emergency exit 

!rom the cyclotron cave and pit. "i'h•:1 uphill part of the tunnel could also be usJd 

for a large exhatJSt duct· from the cyclotron pit. Areas for experimental counti~g 

equip1nent,; cyclotron control, shops and offices were placed above the basement 

on the downhill :side.· Areas for interm·1 target extx·action and radiochemistry 

caves were placed on the opposite or uphill side, radiochemistry laboratories at 

the south end. All o1: these areas, it:o. ar:c::o:·d<.nce with the preplanning philosophy, 

;~ were kept behind. or south of a line dJ~avm thrl':>ugh the beam exit or north cyclotton 

..... 

:·.· 

, shielding wall. 
' 
\ 
i 
\ 
' 

The foundation m1der the buildh:1g consists o£ continuous and spread footings • 

All structural rr1ate:da,l below the r.n.ain--floor level is reinforced concrete. The \ 
i 
i floor-lo·ad capacity ia 3000 lb/£t

2
'in the high bay and 125 lb/£t

2 
for the low bay. 

' . E~:cept over the ba.sem.ent. all slabs: are on grade. 
\ 

Bell caissons carry the weight\ 
\ 

;,~,:o£the cyclotron shieliung roo£ through the n.-orth and south ;walls of the shielding \ 
. . . \ 

enclosure. The rnonoli~hii.ic:: 3-fi-thicA:. cyclotron foundation is structurally separated\ 
·,· 

by a l-in. spacf:: fron1 the rest of the slab in the pit. This was done to minimize 

: !transfer of vibration from ot¥er parts c,£ the building. The low-bay steel structure 

·:_ 1is structurally t;~epar.ated f1·om that of the high. bay by discontinuity in the structural 

· ,:fl.·amewo.rk. This prevents most o.f the vibrations set up by the crane from reaching 
I ·.' 

· . ·, tll.e electronic equipm~mt. 

,, 
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. The fl:>ox· surr-ounding the contrc>l ar.1d counting rooms (which are separated \ 

by an accordion-type partition) has been depressed to provide space for all electric 

:wires to the electronic racks constituting tho walls of the inner rooms. Slots in the 

·:·. depreso,ad floor lead directly to the electrical equipment in the basement below. 
:'.\ 1 

. · · Origi:l::.ali~r it hz~d been our int~,nt: .. on to construct the building o£ reinforced 
; ' 

• 

1

• C<?ncretc, but dtH~ to the critical tirne sc:hedule it was decided to use industrial 

, .steel-fra.me conr::tructiQn with insulated Gte:el panels (figs. 4 and 5). This choice 

proved to be a time saver in that it p:.:e\'ented a numbe~ of unpredicted delays from 

,pushing the completion date far behind ochodule. 

· 3. ~he B~ilding Ventilation Syatem.;__!;~:,:;.:~v~X.. 

'rhe various at3pects of radioactivit'! were dealt with extensively. Local 

wind patterns wrdre studied to find the! b·~st locations for exhaust from rooms, hoods, 

glove bc·xea, etc. where radioactive ~na.teriLalG would be handled and accidental 

"spills 11 might occur. Since the operation oi the cyclotron would increase the level 

of radioactivity of the air inside the shi·eld1;::d encilosure, it was decided to draw 

filtered air f~~om the high bay through the E':nclos:mre and e>mauat it into the updraft 

airstrea.m fr()m. the cooling tower. This procedure would ke<ap radioactivity in the 

air at a minimun:l and would prevent the ccn1U;minated air from leaking through 

the crac:ks in th11 ahieldi11g walls into the hie;h bay. The capacity of this ventilation 

system (variabl~ from. 4 000 to 12 000 cfxn) wao made large enough to cool some 

of the electrical gear in the pit, thus reduci::J.g somewhat the cooling water loads .. 

The <exhs·.ust ducts from the hooci.o a.n.d glove boxes in the radiochemistry 

,,.. .. 1_l~boratc:>ries a'l."(;< taken out through the uphill wc•ll and directed upward via separate 

sc1·eened blower platfc)rms~ This arrange!:tT..:.ent will permit us to add a future second 

etory to the low bay without interrupting the research work. .Future exhausts of 

various designs n"l.ay be added withou·t a dinturbing effect on the present appearance 

of the building. 
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The radiochemistry laboratorie:3, offices, and shops are supplied in the 

. conventi.onal ma.fu,er with !ilte red a:t'ld t<:!mpered air from a central plenum. The 

air supply tli? thE:l laboratory area hao bt::(.m designed flomewhat less than the ex-

pected exhaust, so thc•t a negative prea:~u.r~.~. and consequently air inflow through 
• ' & • 

the cracks,. is ZJ·::tainta.ined to prevent sprea~d of possible radioactivity. 

4. · Hea'dng and .Air Conditioning 
~ HI,._. ~~'Mit-•·-·---....... 

The ventilatio:n and heating ~Jys!t~~mn a1•e so laid out that the second story · 

can be added to the 11l1:>W bay" wings, and tho high bay can be e:7.:tended several 

bays wi·::h.out providing additional space fo:r· the equipment required by these 

systemcil. These changes would mean that the size of the inii:ial systems would 

need to be about doubled. Space is rJ.'~W <r.Uotted for one additional boiler, several 

blowers, rights.-of-w:ay for duct and pi:p·ing, and additional chillers. 

The c·ont:t~ol a:nd counting roor.:.1.s are air conditioned with chllled water to 

· provide cooling for the transistorized circuit:ry. These areas have their own 

ventilation ·ail.d air supplies. 

5. Utilities: General 

The mu.n:lcipal-type utilities pro·vidcd were generally already available from 

the im.m.ediate envirollment. 

JS:lectric power, city water, gas, SCW13I'v telephone, fire alarm, and public 

address were all extensions of t~e eJdsting Lab(>Tatory systems, and required no 

extraordinarl• aj~rangements. Roads, f·~ncc11. wa.lks, and <!!}' compressed air 

are also· furniLsh•;d by the Laboratory. In the San Francisco Bay Area, private 

utility c~ornpa11ies provide water, sewers, ar.:,d drainage-all at nominal costs. 

A particle acc~llerator, such "-S the .s:e-inch cyclotron and its associate~ 

/" laboratories, doeS require Several :fe.iJr\y E;:V.:;:>·::ic internal ''utilitieS, II namely, 

high-pulT.'ity cooling water, tower water~ acetylene, aged methane, OJ.."Ygen, special 
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active-sc;wer and monitoring tanka, eln•zrgeracy power, de1nineralized or distilled 

water, a~l.d chilled water for air co:cdi'::icn:.ing. Although not strictly a utility, the 

high-vac'ilum syatem should also be rn~:r.~:tioned here, and ita associated cascaded 

refrigeratioxl oystems for supercoolinz baffi.es a.r:1d traps. These exotic systems 

account for a con.aidera.ble portion of the thought al'ld investment required to make 

this machine ope:rative. 

6. Emergency Power 
·~·~WIII<N#oo~:>ll~ 

Exhaust fans, emergency light:;, radioactivity-monitoring devices, fire 

alarm, etc., require an unfailing som~c<:: of electrical energy. The electrical 
.. 

system rnust be 130 designed that a c<:u:ua.l pow0r shutdown will not create safety 
i 

hazards or disrupt reaearch projecto. T·o rn~~ct this requiTement, :a 30-kVA 

diesel-dri'•ven :automatic-starting gene1•ator in being installed. An underground oil-

storage tank of 5!30-gal capacity will pro·vid0. 140 h of emergency power. 

Electric Power 

The~ basic po•.r.rel.~ :requirement for the initial machine was met by a 2-MVA 

unit substation., vrhich transforms th(~ p:r:lrn<:\.ry L~-kV 3-phase power to the 

dist:ribut<~d secondary ·~80-V 3-phase wit:h. stepdowu transformers for 120/~08 V. 

and 220 V £or aw~:iliar)r power and 'b!lildi:ng ut:Uities. 

Th~ ·trC~.nsforlner pad is designr~d to allow the easy installation of another 

2-MVA unit substation •:md additional magnet power supplies. 

Cooling Sy:::~tem: General 
~OIIIIIJIC!'"'~IIINt~V~IW ,.. .. i 

We have. fround that, in general~. t;:1e ove;l·aU. cooling capacity should match . . I 
the incon.dt'lg elec:tric power. Any electric energy not abso1•bed by cooling wate~ 

is more than offsret by the air conditioni:n.g loz,.cl.s imposed. Consequently. a 2-

MW -capacity cooling tower removes heat fror:t::; the four separate cooling-water 

systems. A space is provided £or an ao.ditio~:.~G.l 2.-MW cooling tower. 
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b.'l Berk,~ley, a 65°F desigz:l \'i.,.etMbulb tetnperature is used, and tower 

water at 75°F n~a,dm.um supply tempeJ:atur<~ is generally expected. The primary­

cooling-water clesign supply temperatu:'"efJ is 8!>°F maximum, with typical rises 

through th~) coo'!Led equip,ment of 18° li'. 

Thf.1~ tOWl~r is an induced-dra.f.t redv.rcod-filled open-deck type set on a 

concrete basin. Ita cement-asbestos e:~~terior was chosen to blend aesthetically· 

with tht:! buildin;~ exte l"ior. 

9. To'\ver- Wa.1tor Syotem 
~- lltNtilltiiN~~ 

Most of the tower water i~> used to CO•'Jl the primary systems through shell-
, . 

and-tube heat exchangers. Some is ~.::ircula~;ed in the building for conventional 

cooling chores, such as air conditione!· a1r1d other refrigeration condensing water, 

mechanical-vacuu:r .. "l:-jpump jacke~ coolirLg, etc. The tower-water piping is pre-

dominantly :or~eel. A careful pr?gran1. cf to\Vel·-water treatment has been instituted 

to contl·ol corrosion and algae. 

Hiigh-voltage equipment~ water-cooled vacuwn tubes~ cyclotron dee, rf 

cavities:, magnets, et•c. require a clean cooling water, low in dissolved solids 

(electrolytes). !t has been found both <.les:lra.ble: and necessary to provide an 

extensive sophbticat(~d primary-watr~:r sy:stcn-:t ·using demineralized water of 5 

micromho, or h:as, conductivity at .:;;. p:ressu:,:e o£ about 100 psig. Cooper, brass, 

and etainless st.~el piping and pumps have b;;el:l fou."'ld the most sui~abla for handling 
. . ' \ 

the ext:rell?-ely c~:•l:roeive demineralized •.vc;~';e:r> a:nd keeping it clean~ The shell-and-

tube hea.t exchange:ta used with the 88 .. in.ch. r:;rclotron are of aU-monel construction, 

with the LCW (a.nd ALCW) in the sh,?Jll. Vh:.yl-lined steel surge and storage 

tanks are provided, and the pumps for then~':. Gyst·ems are all-bronze, trimmed 

with stainless steel. 
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The LCW system is the ge~ne1·al-pu:rpose high-voltage cooling system. 

It is distributed throughout the building to the power supplies, laboratories, 

the bornbardment areas, and exp<:: rim~.: ntal areas. 

The AJ ... CW system is a St.'lpara.te systr~n'l which cools the machine itself, 

particularly thr,)se parts where activity m.:l.y be h1duced directly in the cooling 

water. The ALCW pumps, heat 'e:rchanr;c:rrs, and surge tank are located, as 

previoua;ly indicated, on an iaolaticn. pa~d em. the east side of the high bay of the 

buildin.g in f;uch a location that th(:! contact with person..-·1.cl will be at a minimum. 

Demine::i:'alized water is sttppli~Jd t:> both systems by a small mixed-bed 

demineralizer which reduces the 60- to 150··micromho city water to 0.5 to 5 

microinho conductivity suitable fo:.· um-a i:n t:hc~::e systems. A 1- to 5-gpm slip 

st:rearn. is recycled fro1n the LCW o~rE;ter:n. thl"c1ugh the demineralizer to keep 

the solids in this system fron'l accu:m'lxlat::.ng. The ALCW system haa its own 

disposable-type derr1ineralizer cartrid.geB a;:1d filters fol· recycling. 

11. Bottled Ga.ses 

The shops and laboratories l.·erp .. lh:·e, of course, oxygen and acetylene for 

their operations. Theae are proviri.ed frmn conventional manifolds a~ the building 

A special "aged methane" syotQ.:!l'!l :~vpplies methane that has been allowed to 

stand ,:1.t least two weeks following re:rnova.}. fron1 the well, through interior piping 

to the counting: equipment. 

12. Vtaste-Monitoring System:j 
.. ~.,...~w·ut ""* ,. ' 

NorJ:nally, active wastes are tr:> be stored in special containers provided 

in the laboratc•ries and hot target a1·e<1.s. These containers will be carefully 

stoppe~red, the11 rem.oved to a die;posaJ :yard' when required, in acco.rdance with 

good c:urrent practice for disposing of active lnaterials. 
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However, ail: a second line of defense, the floor drains and sinks in the 

laboratories a:::td target areao, and th~: d:.-ainage from the ALCW area are fed 

into a special a.ctive sewer which d:~·ains ir ... t..:> two phenolic-coated 1000-gal 

retention tankH arr<:u:>.ged in paralleL Th;:!::>e tanks are intended primarily for 

holdup or rc~te:·:Ation. one being sar.n.plad a:1.d du.m.ped while the other is filling. , 

Should. there! b1.~ an intolerable amou.nt of :1."a(Hcactivity in a given batch of retained 

aewag~~~. it.can be plrecipated and pu.lnp:ed in·~o a tank huck and hauled away. k 
I 

re~o:~.·cli!lg device permanently l"ec•:n·d~:· th•?: amount of sewage handled. 

1? 
.;;J • Color and Light ........ , ... ~.,. 

The ex!·;erior color of the building vn~s selected in accordance with prevailing 

I 

views about ble:nding aa much as f.O:Hl:.blc:: with the natural surroundings. Some small 

departures were mad.e to acct;mt th12 f.ltll"uctu.ral simplicity. In spite of the use' of 

comm,?nplace matez'i.als, and lin'lita"tions in cqlor selection, a certain elegance has 

been achieved. 

The saxne si:rnplicity and rent:r;.o;;'i.j:rt r·egaTding colore has been applied on the 

ineide. With the exception of the a:tructu:ral. rne:rnbe:rs, which are beige, the ! 

I 
principal color throt:tghout the buildin.£: .:i.a eggshell white with contrast (or accent) 

color provided by e<luipmeJn.t,. f11:tn~tur~~. (etc. This givea a pleasant light 

atmosphere an~d e:ttcourages c;leanliuc:3s &n.d good housekeeptngg, ·As a consequence, 

safety haza1•ds are l!'educed. The li.gM-colored resilient tiles in the low bay add 

both to the plea.sant feeling and to th:e cu.ztodia.n 1 s daily exercise. \ 

I 
All rooms have fluorescent lighting ·axcept the high bay, where· a com-\ 

. bination of r.ne~rcury a~d incandescent Ught was chosen as the most practical. \With 
l 

respect to day:tight ilil the high bay, c1:nly diffused glare-free Hght would be acce'ptable. 
i 

Sun. rays or excessively bright light would i:::.terfere with the reading of dials, scopes, 

etc. The p::ro,blem was solved ve1•y successfully by using milky-white plastic 
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panels project;lng into the rcorrJ\s alon.g th•::l top o£ the 45-ft-high side walla. Iri 

the control and counting rooms a cE:ilhi.3: o~: pla&Jtic grating provides a shadow-

fr.e:e light which ie diznznable to zero c<.·.ndJ.e:p:)wer. Draft-free ventilation is supplied 

through the oa:.:ne ceUing. The reJ;Jt: o:·; th(;:: 'bu.ilding-~v<Jith the exception of base-

ment, a11d the l·adioc:hemistry :ilabol:ato:ri(;:t1·-has clear windows, which afford the 

occup;;mts a sv;eeping view of much of Sa.n FJrancioco Bay and the surrounding I 

conu1."lt.U:lities. 

14. Clo·S·e· Int<:,gration of the Acce:iera:tor an.d .Eh.1.Hding Deaigns 
~IWiw~~\-.wlffNNN~"'..,.'"' 1';11 , ........ *: \fl'"""'-*"..,..,lii~_,.,VI~'ol.~'ltNkolt:""""'"'*' •• 'IU!ol*.,'"""" ¢ o1 4 

h'l conclusion it should be noted. tha::: everyone involved on the 88-inch- · 

cyclot:~ro;r .. project dil:·ectly or indire.::::tly contributed to the ove:rall planning and 

design of th•::: buildir1g. .t\n inthnate wo:rk.:~ng relationship was established from 
\ 

the begin..11ing l.JH::;twee;n the accelera.t()r a:nd build.ing-project people. Decisional 

wel"e in gen(~rc-d rrJ.ade ·by conseusua, v.rhic.h in ou.r opinion helped substantially 

to integrate th~l accelerator and the assoda.t®C. equipment and utilities with the 

builldin.g ar..1d &he. Through this coo:rd.:·.naticm it was possible to anticipate, and 

hence avoid. 11aany p:roblems. Coopex.'ltivc effm:t aloe contl"ibuted greatly to 

the achievernent of simplification in the o~terall design . 
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. • FIGURE Ci1..PTIONS 

Fig. l. Grou;;;ing and functional relatim1s7:>.ips of areas. 

Fig. 2:. :Bu.ilCing and site plan. 

l<l.g. · ::·.. ](sm"J:let:ric 1;ection throu.gh b1;:.i.1din.,5 and site. , 
i 

Fig. 4f. Aerial viev;· of building. 

Fig. 5 •. South and e:ntrance view of btti.lding. 
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