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 ABSTRACT

The process of fitting the building project within the budget limitation
is discusged, Ix{clqded are such matters aa the allocation and organization of
- interior space on the basis of Accel‘eratcr a.ppuéation. provis.ion for possible
future ‘chﬁngés. and the influence of the aeie.cted 'sife and ite tbpography on the
"building deaign. The factors that determimd the choice of steel frame and
steel siding ate nated The selection and development of utilities for prcsent
’ and planned future needs, eapeciauy the high-purity water systems, are
summarized. An overall review" is made of the building project. with an eval-
uation of baeic design, adequacy of utilitiee and equipment. project scheduling, .
" and coardintnbn ' ’
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It was evident that the time element for the building comtiuction {including
design) bad Secoma a crmeal éacztor. - A delay vhere could indeed delay the whole
project, Emphasia was therefore put on all measures that would reduce time,

&

a4ddn ideal

Since a site bad not yet been ehoun all planning was direeted fo

i)

~ solution, particularly with respect to iunctional {or area) relationshipa‘

| 2 Buildigg Site

The increaae in bunding project size aleo complicated the problem of

_ uaing the site eventuany proposed. Special provisions £oy.- future expansions had
to be incorporated in the present design because of many site Hmitations. Neverthe-
}lesu. the import'mae‘.of the site location (near the University of California campus
and Laboratory Chemﬁétry bﬁilding).oﬁtw-eighed other considerations, Of the
limitations the two most imﬁdrtm ones were reatrictions in.size with respect
io future 'hqrizontal expmipﬁ and proximity to a residential neighborhood. After»
this important deciaion-'héd been made ihe work could begin oix ﬁtting the building
ﬁroject within the limiti a"vaé b_y. cost, time, and natural environment. The size
. and relationships of the various aéeas worked out &ﬁning the preliminary studies
proved to be very useful, | In the adaptatioa of this 'jresitd' plan, advantage v’mﬁ .
taken of tiae steep hillside by creating shelves for Athe principal building parts,
The elevations of tixese shelves were calculated to achieve balance bistween
excavated and icompacted earth.‘ This re‘ﬁﬁlted in a 2-acre site, allowing mmé
“space for future exp@aian.'_ » |

To save ii.me the site was prep&red during the summer prior to the |
completion of the building construction documents. V.De).vaya normally caused by
inclement weather were thus avoided,

At the ffeplanning stage it had been agreed that the cyclotron should be
surrounded on all sides with portable ghielding blocks, This was a requirement

based on experience with the other accelerators at our Laboratoery, which had
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demonstrated the need for the greatest amount of ﬂexibil.ity The chielding
walls should be of adequate thicknesa to permit unlimited time occupa.ncy on
| all si&es, sxcept on the side where the "beam" wag extracted. Calculations
| elst;ablisho‘d that a 10-ft-thick wall of 159—11':/&3 concrete 'would meet ﬁw éafety
standard 'rheae requiremonta, together with eatimted nead for experimental
. area and so-called stagiug area, determined the size of the 80 by 150 by 45 #t
N high bay. Cost oatimam of various crane sizes (e. g., capacity and span) and
" high-bay spans helped pin down the 80-R width as an economical optimum width.
" The size of the. wgest shielding block, existing experimental magmtg and other

) Laboratoz-y cranes determined the need for a 30-—ton hoist and an auxiliary 5«ton
hoist for lighter work Since the space ander thia crane would be the most |
expemive. all other areas not requiring crane coverage were placed under a
low-—bay atructure. Becmue of the weight of tho cyclotron. the shielding, etc. ,
the high bay space was located on the cut portion of the aita. where loads up to

10 000 lb/ftz could be carried. ‘The rest of the areas were located on the downhill
andmmﬂir end (fig. 2). The pasition of the high bay on the site permitted approx‘-
imately 159 R aloug the directian of the external beam to be used for experimental
-setnps and also‘ would provide space for future expansion of the high and low bay.
;I‘,he. proximity to the residéi:tiai neiéhho:ﬁood dictated that all misfr aquip_mqnt

be placed indoors. A basement was therefore created to accommodate this
equipment, as well as electrie equipment, and éhe bullding heating and ventilating -
plaﬁt The billside gave us the advantage of truck access fof the whole basement.
All utilities could now be carried to the pit under the cyclotron through a tunnel,
The placement of the cooling tower, heat exchangera, and associated pumps on
the uphill side of the building gave us a better distribution of the utility lines in
the tunnel (fig. .3).' It also created an iaoxatéd area t‘ér heat exchangers c(mtainhig

potentially ""hot" cooling water.
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' The tunnel could be md as a second access, and as an emergency

exit frofn the cyclotron cave and pit. The uphill part of the tunnel would also be
used for a large"exhauvst duct from the cyclotmn' pit. Areas for experimental
‘counting equiﬁment, c&élotmﬂ‘é“cm_trol. shops and offices were placed above the
'»'basemen'.t on»t‘he downhill side. Areas for internal tar.get éxtraction, radiochemistry
caves were placed on the oﬁposite or uphill side, and radibchemi'stry laboratories
at the south end, All of these areas, in accordance with the preplanning philosophy,
were kept"behind or cauth.of a line drawn through the beam exit or'.north cyclotron

shielding wau }, o

- The foindation under the building consists of continuous and spread |
. -ﬁo'ctin'ga.i All sﬁructurai material below the main floor level is reinforced cqnciete.

" The ﬂoor-ioad éap‘acitf is 3000 1v/ ft'z in-the high bay and 125 for the low bay.

. Except over tvhe.baaarnent'.. all slabs ‘,a’.rc on grade. .V Bell caissons carry the weight
of the cyclotron shielding roof through the north and south walls of the shielding
enclosure, The m_onalithic 3-ft-thick cyélotrén foundation is structurally separated
from the rest of the slab in the pit. This was done to minimize transfer of
| vibration from othér ’parta. of the building. Also, the low-bay ateel structure
is structurally separated f::om that of the high bay, This prevents most of the
vibrations set up by. the _\crané from reaching the electronic equipment.

 The floor aﬁrmmding the corxtrdlaeoun@ng room has been depressed to
provide space Ié:- all electric wires to tvha—'elecvtronic racks constituting the walls
- of the inner room, S5lots in the depressed floor lead directly to the electrical

equipment in the basement below. v
| .Ori‘ginany it had been our intention to conetrﬁct the building of reihforg:ed
conﬁreﬁe. but due to the critical time achedule it was decided to use industrial
steel-frame vc:on‘str\iction with insulated steel panels (figs 4 and 5). In the end
this choicé proved to be the time aiwer that prevented a numbér of unpredicted
delays from pushing the completion dé.te far ‘behi#d schedule,
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,A 3. Radioactivity

All problems eéncérning'radieactivity in its various forms were dealt
with eznenﬁively. Local wind patterns were studied to find the best iocationa for
exhaust from roonia_. hoods, glove boxes, etc.ﬁ ivh_ere radicactive materials would
be handled and accidental Bpiné might occur., Since the operation of the cyclotron
would increase the level of radioactivity in air inside the shielded enclosure, it
was decided to draw filtered air from the high bay through the enclosure to prevent
rgdioacﬂvity from.b'xiuding up. This air was d'ueted through the uf:hill tunnel and
e:;hauétad in telthe updraft ﬁrﬂtrem from the cooling tower. About 15 00'? efm
was needed to take ‘care pf this probiem. Ho_wever. in Qrd‘ar not to increase the
load on the cooling tqwei' it was decided to aix cool all electro;xic equipmezit in -
~ the pit. A four-step ventilation system was therefore installed, with a maximum
capacity of 12000 cfm : The 'ﬂrbt step, or 4000 cfm, was connected to the emergency
' ci'reuit. Under normal conditions an average temperature' of about 80°F will be
| maintained. | | '

The exhaust ducts from the hoods and glove béxes int?ae radiochemistry
laboratories were taken out thyough thé uphm .wall and directed up outside the
edge of the roof on a separate screened platform. This arrangement will permit
us to add a future second story to the low 6ay without interrupting the research
work, Future exhausts of var_loﬁs designe may be added without a disturbing

| effect on ‘t}ie ;}reéént appearanc§ -of the building.

4. Utilities: General

The munitipal-type utilities provided were generally already available

from the immediate environment,
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_ \‘ Electxfic power, city iavater. gas, sewer, telephone, fire alarm, and
public address were all extensions of the existing Laboratory systems, and»entail
no extraordinary ‘c:ozncepts | 1n‘ the San Fiaﬁcisco Bay Area, private utility companies
prmrida gaa, electric energy. and telephone, Muni‘cipali‘ties and sf»eeial diitrictsz
pmvide water. sewers, and drainage-all at nominal costs. Special services such
- as ﬂrc alarm. ‘public adﬂreaa. roada. iencec. walks and dry compressed air, of
| | eourae, are furniahed by the Laboratory, » ' |
' A particle accelerator, such as the 88-inch cyclotron and its as'ao‘ciated
laborutorMs, doas require mveral £a.irly exotic internal "utﬂities, " namely, bhigh-
purity cooling wa,ter, ‘tower water. acetylene, aged methane, oxygan, special active~
sewer and monitoring tanks, emergen_cy power, demineralized or distilled water,
and chilled water £or air conditioning. Although not strictly a utility, the high-vacémn
system a‘hw.ld &ao be ‘montianed here-~and its associated cascaded refriger#tién
‘system for aupencooliné baffles and traps, 'fheae exotic systems at:coﬁnt for a
consideratle amount of the -ﬁhought and investment required to make this machine

operative,

5. Emtﬁémy Power

Exhaust fans, emergency lights, radioacﬁvity raonitoring Aevices.‘ fire
alarm, etc., require an unfailing source of electrical energy. The electrical
system must be 80 duiga@d that & casual power shutdown will not cause the spread
of raéioactiﬁfy over the entire bﬁlding. To meet this requirement, a 30-kVA
diesel-driven automatic~starting generator is currently being installed. An
undergréund oil-storage tank of 550~gal capacity will provide 140 hr of emargency
mer. : | | |
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6. Electric Power

The basic power requirement for the initial machine was met by a
2«MVA unit substation which tranaform'a the primary 12-KV 3-phaae power
to the distribut’e;d secondary 480-V '3-§ph.as_e-.w1th stepdown transformers for

120/208 V, and 220V for auxiliary power and building utilities.
- The transformer paﬁ is designed to allow the easy installation of
. anotheé 2 MVA unit" substatioxi and additional magnet power supplies.

7. Caoung_ System ~ General

‘We have found that, in general the overall cooli.ng capacity should match
~ the ineom;ng electric power. The losses to atmosphere are more than made up
' _'fm_* Aby the air conditioning loads _!;mpésed on this sytem.
| Ccnaequcnﬁyg a 2-MWa«cppacity cocoling tower removed hei.t from the
th‘re‘e-plus' separate cooling water systems. A space is provided for an addi-
tional 2-MW cooling tower. ' |
In Berkeley. av65° F design wét-bulb temperature is uéed. and tower
water at 75°F mn:ﬁmum supply tempez"atu'revie generally expected. The primary
cooling water deaign supply temperatures are 85° F maximum, with typical
r‘ivses through the cooléd equipment of 18°F.
The tower is an {induced-draft redwood-filled open-deck type st on a
concrete baain. Its cement-asbestos exterior was chosen to blend @estheticany
‘with the building exterior.

8. Tower-Water System -

Most of the tower @ater ig uged to cool the primary systemas through
shell-and-tube heat exchangers. Some is circulated in the building for con-
ventional cooling chores, such as air conditioner and other fafrigeution con-
densing water, mechanical-vacuum-purmp jacket cooling, etc. The tower water
piping {s predominantly steel. A careful program of tower-water treatment has

been instituted to controlccorrosion.
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ngh-valtage equipment, water-cooled vacuum tubes, cyclotron dee,

‘ ri cavities, magnets, etc. require a clean cooling water, low in dissolved
solids. It has been found both desirable and neceasary to provide an exten-
sive sophisticated primary water sy:tem using demineralized water of 5
micromho, or less, conductivity at a pressure of about 100 psig. Copper,
~brass, and stainless steel pipiﬁg and pumps bave been found the most suitable
for handling the extremely corrosive demineralized water and ig:emimg it clean.
The ohen-and»fube.heis exchangers used at‘ our c'yclotron are c}i allsa;txonel |
construction, with the LCW (and ALCW) in the shell. Vinyl-lined surge and .
| storage tanks are prcvidcd. and the pumps for these ayatems are allebronzze,.
| trimmed with atsinleas steel..
‘rhe LCW wstem is the general-»purposc high-voltage cooling system. |

It i.a diatributcd throughout the building to the power eupi:lies. laboratories,
the bombardment argaa‘ and experimental areas. _ 4

~ The ALCW éysteﬁ\ is specially separated system which cools the machine
itself, particularly tﬁo;e;\»ﬁarts where activity may be induced directly in the |
coolihg water. 'I"ho ALCW pumpa. heat exchaﬂgeu. and surge t@k are lo-
cated, ag previously indicated. on an isolation pa.d on the east side of the hikh
bay of the building in uuch a location that the contact With the operators will
"beata minimum _

Demineralized water {s provided to both systems by means of & aman

mixed-bed demineulizer which reduces the 60+ to 150-micromho city water
to 0.5 to 5 micromho conductivity suitable for use in theaé systems. A l«to
5-gpm slip stream is reéyclﬁd from fhe_ 1CwW sy:utom thrdugh the deminsraliger
to keep the ;sélida.in.this system from accumulating.,  The ALCW system has its

own disposable-type demineralizer cartridges and filters for recycling.
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1 v. Bottled Gtsegs,

The shopa and laboratories require. of couraei oxygen and '?a.cet'ylene
- for their operationsl. 'l'he‘aa_ are provided from conventional manifolds at the
'lmllding exwricr._ -
a | A special "age& metha.ne" system providu metham that is at least two
. weeks old, through interior pipiag to the counting equipment.
1. Waatc«»Monitoting 8zstem‘

V. Active wastes ate to be disposed of in special containers provided in
the laboratories and hot ta.rzet areas. These containers will be carefully stop-
pered, _thtm removed to a dispﬂaal ya.rduwheg requi:dd in accerdan_ge with good
cur.vrent‘p‘racti_é-e for disposing of active materials. N

. However, as a second line of defense, the floor draine and sinks in the
laboratories mid ﬁrget areas, and the drainage from the ALCW area are fed into
a special active sewer winich drains iﬁto two phenol?c~Ceated 1 000~-_gal reten:idn
tanks arranged. in parallel. | ' |

. These ta_nké are intended primarily for holﬂup or retention, one being
sampled and dumped while the othe§ is ﬁmng. Should there be an intolerable
amount §£ radibnétivity in .a. given Batch of retained sewage, it can be precip-
itated and pumpqd_lntf) a tank Euck and 'hauled away. A recording device
N permanently re‘cp:ds” the amount of sewerage handled. |
| ’I"l':e“ exterior colgr of the building was selected in accordance with
" prevailing views about blending as much as p@'ssiblé with the natural surround-
ings. Some exceptions were made to accent the stéucmral simplicity. In spite
. of the uée of commonplace materials and subdued colors, a certain elegance
has been achieved. | '

The same ‘aimplicity and reestraint regarding cblors hag been applied
on the inside. j{rith the excopt_idn of tfae structural members, which are beige.

the principal color throughout the building is eggshell white with contrast
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‘{or accent) color provided by.eqﬁipment. furniture, etc. This gives a pleasant

Hght atmosphere and ehcpﬁrages’ cleanliness and good housekeeping. As a

" consequence safety hazards are re’du:éed.‘ The light-colored resilient tiles

in the low bay add both to the pleasant feeling and to the custodian's daily
exeécise. ‘\ o | _ | ' |

4A11 i'omﬁs"ha;e ﬂuoresceﬁz light except the high bay, where a combina~
tion of mercury and incandescent light was chosen as the :ﬁoat practical. With
reapéct to daylight in the high bay only diffused glare-free light would be ac~

~ ceptable. Sun rays or excessively bright light would interfere with the read~

ing of dials». scopes, etc. The préblam was solved very éucc‘emuny by uaing

miilsyQWhi,;te plastic panels projecting into thé ‘rooms along the top of the 451t~

tion in the overall design.

high side walls. The rest of the building~ with the exception of basement,
¢6ntrol-c-0unting area, and the radiochemistry laboratories~-has clear windows,

which afford the occupants a sweeping view pf uiuch of San Francisco Bay and

. the eurro'undlng cominﬁﬁitiés.

In coﬁclusién it should be noted that everyone involved on the 88-inch-

cicloti'on project directlﬁr or indirectly contributed to the overall planning and |

design. An intimate worki‘ng relationship was established from the beginning

between the acceldrator and building project people. Decisions were in general

- made by consensus, which in our opinion helped. substantially to integrate the

accelerator and the associated equipment and utilities with the building and
site. This also reoulte'diin reduction of 'ccmmcting problems and simplifica-

o
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- Fig. 2.
f‘i‘g. 3.
?‘im 4

' Figc 5-

South and entrance view of building. -
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' FIGURE CAPTIONS

Gi'ouping and functional relationships of areas.

Building and site pian.

" Isometric section through building and site.

Aerial view of building.
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