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I. Introduction 

Preliminary designs for the Colliding Beam experimental areas have been 

studied for many years under the supervision of many different people. The 

design has gone through many changes and may go through more. But soon it 

has to coma to realization. With funding in Fiscal Year 1981, the design will 

be engineered and finalized so that major construction can begin in the spring 

of 1981. 

The following report will attempt to s mmarize the work done on the proj- 

ect in the last several months. At all times it must be remembered that the 

work done to date has all been conceptual. Also we collected the relevant 

information for the construction of the colliding beam areas. 

II. "Location of the Colliding Beam Areas 

The general colliding beam area will be located at the BO long straight 

section of the main ring and will be used only for colliding bem experiments. 1) 

There will be another colliding beam area possibly at the DO long straight 

section. The straight section at DO will first be used for the installation 

of the extraction system for the 1000 GeV external beam*) for the Tevatron 

Phase II operation. When colliding beam experkts are installed at DO, the 

extraction systemwill have to be removed so that the area can accormHate 

the colliding beam detector. 
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There are also future plans for the straight section at DO to be used for 

e-p colliding e2qerimants. Au electron acceleator (lo-20 GeV) may be built 

to osculate with the main ring at DO. 3, Therefore, anyexperimntalhallcon- 

strutted at DO would have to accomdati ccqonents for the 1000 GeV beam ex- 

traction system, au electron accelerator ring , and the colliding beam detectors. 

111.1. Geueral~Descriptim~of Colliding,Beam Area~(CEA) 

The BO colliding beam area will amsist of a collision hall, asse&ly hall 

with conuec&dloadinggarage,andpossiblywith future supportbuilding. 

TheDO colliding~areawiU.beamuchmoreccrrrplexstructureduetothe 

extracoqlications createdbytheextraction system,theelectronaccelerator 

ring, and the colliding beam detectors. 

A cm@ete description to date of the BO area will follow in Section VI.l- 

VI.*. P&k on the DO area is still in a very primitive fom aud will not be 

presentedinthisreportindetails. 

III.*- Brief~Constructim~Schedule 

During the sm of 1981 the BO collision hall is expected to be built. 

The structure will be only the miriiMm neededtoputthemainacceleratorback 

inworkingorderattheendofthe shutdmm. Duringthenextonetothree 

years while the detectors are being asse~&led, the collisim hall will be 

broughtuptothe staudardsneaessaryforexperimantstotakeplace. 

With the new budget in Fiscal Year 1982, construction of the ass&ly 

hall is expectedtobegin. It is hoped that the BO colliding beam area will 

be reafiy for occupation by smmer 1982. 
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111.3 Iriwior f2iim@bats 'of CBA 

There will be a central detector and a set of forward detectors. The 

centraldetector (describedlaterindetailIV.*)willbedirectlyconnected 

to the egL&manthous@g. It will actuallybea twotothree story structure 

andcontains coun~&ingroomwiththermfspacepossiblyusedforthe~cryo- 

genie equimt. Thehousingwillbe connectedtothecentraldetectorthrough 

a shared carriage. Alsoon the carriagewillbe the intemadiate remvable 

concrete shieldingblocksbetweenthedetectorandthehousing. 

All the electronic signal cables frcun the detector will be parmnently 

asaunit. This will save valuable ~rimntal. tim that might otherwise 

havetobeused forrecalibrationof the system. !Ihewhole structure including 

the carriage,thecentraldetechx, theequi~thousing,andtheintermdi- 

ate concrete blocks is expected to weigh approximately 2500 tons, and the 

carriage will move on rollers and rails. Due to this greatloadandits 

variable location, caissons arebeing investigated to support the slabbelow 

thecarriage system. 

In the collision hall, there will be several low beta quadrupole magnets 

andapairof coqensating solenoid coils. They need liquidheliumtransfer 

,Ji.nes, andtheirpower supplymustbeplacedinthe support area. Thesemag- 

netsmaybe substitutedbyotherschem. A satellite liquid helium refrigera- 

torwillbe installed in the srrpportareatotake care of various supercon- 

ductingmagnets inthis area. 
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Iv.1' Designof'DetecWrs 

To date design studies have bee.u done for detectors to be housed in the 

BO collisicm hall. There will be one central colliding detector and a set 

of forward demrs. Only very preliminary design work has been done for 

thedetectors thatwouldbe located at DO; therefore, information concerning 

these detectors will not be included inthisreport. 

IV.2' CDF CentralDetecWr 

The centraldetector for BOhas changeddrastically since itwas first 

repor+zd a year ago in Colliding Beam Detector report, Ref. 4. The most not- 

able change is in the structure of the magnet yoke. The present overall shape 

anddimensions ofthecentraldetector shouldbenoted inFig. 1. 

The outside radius of the hadron calorimeter is 11 ft.-6 in., with a 

2 ft. space for mounting electmnics boxes and phototubes and another 2 ft. 

space for the muon counters. Thelengthofthe steelstructureis 23 ft. with 

1 ft.-6 in. spaces for photot&es on both sides. The overall shape of the 

detector is a cylinder, 31 ft.-O in. in diameter and 26 ft.-O in. long. In 

Table 1,theparamtx.m of thecxmtxaldetectorare listed. Thecentarofthe 

detectorwillbeon theE&zrgyDoublerbeamline,18 ft-0 in. above the floor. 

A detailed design for the supporting sqerstructure has not yet been axn- 

pleted. A smaller detector, Mark II at SIX, is said to have a cross section 

ofapproxima tely 30 ft. in width and 28 ft. in height; therefore, the overall 

dimensions of the BO detector are very likely to increase. 
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IV.3 TheForw~Detectors 

The collision hall at BO is being designed to a ccammdate two sets of for- 

ward detectors. The detectors will be placed on both sides of the central 

detectorandonthebeamline. Inearlystagesof theexperiment,therewill 

mst likely be only one set of the forward detectors; the compliment detector 

maybeaddedinlaterstagesoftheexperimnt. 

The preliminary design of the forward detectors is shun in Fig. 2, which 

is taken from, "Conceptual Design of a Forward Detector for the Autiproton- 

Proton Collider." Themajordesignpammaters are shmn inTable II. 

Thetotalweightofa setofthe forwarddeteckxswillbeapproximately 

2200 ixms. It is expectedthat the toroidal mgnets will be built in place 

andwouldremin permanently in the collision hall. It is expected that the 

tiroids audits relateddetectirswill not require toomuchmaintenanceonce 

they are put in place. The front toroid (closest to the centraldetectir) 

will be built so that it can be split 15 ft. apart along a vertical center- 

line and provide space for the remval of the endcaps of the central detector. 

Theparticleidentifierandcalorineterwillbe asserrbledandchecked 

in the asse&lyhallandbroughtinto the oollisionhallonsms typeof 

carriage. The carriage will be designed so that the center of the forward 

deteckxs will be on the beam line. It is generally felt that a uniform floor 

level in the collisionhallwill alloweasymaintenance for all detectors 

and greater freedm for future changes in the design of the forward detectors. 

Since the floor level of the collision hall has been set by the size of the 

centcal detectir,theforwarddetectorwillneedtoberaisedoffthe floor 

approximately 5 ft. If it is necessary to cut dawn the total cost for the 
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areaconstruction, it is conceivabletoraise the floorlevelforthe forward 

detectorboth inthecollisianhallandintheass~lyhall. 

The a&ined weight of all the detectors in the collision hall is approxi- 

mately 6000 tons. The floor slab to support loads this greatrrrustbe care- 

fullyccxrput& andevaluatiby structural engineers. At this I&E, it is 

rx%decidedwhetherthe floor slab shouldbe supportedon caissons or remain 

a floating slab (independentof thewalls). 

V.1' ~XadMzion Shielding 

~detectorswillbeass~ledandtestedintheassemblyhallovera 

year. During this time, the accelerator will run at 400 or 1000 GeV. In 

case of an accidental beam loss in the collision hall the level of radiation 

intheasse~&lyhallmustbekeptbelu~ 5Omillirems per accident. 

V.3‘~Radiation Ioss Calculation for BO 

Todesign thepropzrradiation shield, the following assumpticxxwere 

xade for an accident: a 1000 GeV proton beam of 1 x 1013 ppp being duped 

in the collision hall: maximun acceptable dose in the assenbly hall being 

50 millirems. 

Througt~ calculation, it was shawn that 10 ft. of normal concrete (with 

adensityof 2.4 g/cm3) wouldbeneed&i tomaintain alevelof 50 millirems 

inthe asse~~Myhal.lattheoccurrence of anaccidental~loss inthecol- 

lision hall. 

Therefore, the shieldingbetweenthecollisionhallandass&lyhall 

will be 10 ft. of concrete. Likewise the shieldingmaterial for theceiling 



TM-995 

-7- 

of the collision hall will be equivalent to 10 ft. of concrete. At the roof 

of the aollisionhall, the ccmre~ canbereducedto 3 ft. if anearthbem 

is built q above at 9 ft. deep. 

The inside of the assmbly hall will be a restricted area where only 

authorized personnel can gain access. The area will be fenced and sated, 

mdthethickness of the shieldingwallwillbemade thick enoughtolimit 

the accidental radiation dose below 50 millirems. The level of radiation will 

bemollitoredatallt~sbyradiati~de~~~ thatwill tripthemainring 

beam should the level exceed 50 millirems. In principle, five accidents per 

hourwouldbe allmedof thismagnitude. Thetopareaofthebemwillbe 

faced. 

During colliding beam experiments, the detec-lmrs themselves will act as 

radiatim shield material for the radiation coming fmn collision events. 

Themass ofthede~torswillalsoassistinreducingthe radiation level 

due to an accidental loss. The shieldingpropertiesof thedetectormayallow 

the thickness of the shield wall between the collision hall and counting rocm 

to be reduced somewhat from 10 ft. 

V.3 Radiation Loss Calculations for DO 

AtDO,there arenotonlythe saxt~problems as inBO,butalsoapr&lm 

duetotheextractionsystem. During the1000 GeV externalbemoperation, 

aportionof thebeamwillbelostin the extraction system. 

If a loss of 1 percent of 1 x 1013 ppp attheoperationmdeof lpulse 

perminuteis assumed, then 6 x 101* protons will be lost per hour. This will 

amuntto 30 milliremsperhour in the assexblyhall, if the sameshielding 

were to be used at DO as at BO. This is far above thelevelof tilerance, 

and special shielding material around the hot spots is needed. To reduce the 



TM-995 

-8- 

radiationlevelbyanorderofmagnitude,as aruleof thmb,weneed 2 ft. 

ofregularconcrete. 

VI.1 Dimensions of'the BO Collision Hall 

The BO collisicm hall that will house the colliding beam detector will 

be on the main ring tunnel line, with a floor level approximately 42 ft. below 

theexistinggradeelevation. The floor level of DO will be about 38 ft. 

belCW. ~smantionedearlier, the Saverbeamlevelwillbe18 ft. above the 

floor or at 723 ft.-4.5 in. above datum. The BO collision hall will be pro- 

videdwith a 20 toncrane. 

The height of the ceiling will be based on the required clearance (6 ft.) 

between thetopof the central detector and the hookof the crane at its high- 

est point, and installation space of a 20 ton crane (6 ft.-l0 in.) as well 

as any space needed for structure to support the ceiling. Theheightof the 

ceiling appears to be approximately 48 ft.-4 in. Major dimansional parroters 

for BO collision hall are listed in Table III. The section of the collision 

hall is shown in Fig. 3. 

The width of the hall, perpendicular to the beam line, will be about 

45 ft.-O in. and will include a bypass for main r+g traffic. The bypass will 

be at least 3 ft. wide to ac axmmdate golf carts for main ring maintenance. 

Whether the bypass will be structurally designed to support a magnet vehicle 

is stillundecided. In this case, it is 6 ft. wide. The width of the vehicle 

is 51 in. The beam line is set at 24 ft. from the inside wall. 

The length of the hall along the hem line should be approximately 120 ft.- 

0 in. long, if possible. Since the exactlengthmy cause the remvalofonly 

a portion of a pre-cast tunuel section, which is difficult, the hall would be 

made longer so that a ccsqlete section could be removed. The main riq-ig tunnel 
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ismadeupofpre-cast concrete sections approxilmtelylo ft.-5 in. long. 

Byremvingfive andsixsectians inthedownstrezunandupstreamsides respec- 

tively (relative toprolmnbemls), the total length will be about 130 ft. 

The collision hall will be joined to the assembly hall by shielding walls. 

The collision hallwillbe constructed out of concrete. Preliminary design 

drawings of the collision hall and the assenbly hall are shmm in Fig. 4 and 5. 

In Fig. 5, two cases with a high and low ceiling for the assembly hall are shown. 

VI.2 D imensionsoftheAsserrS3lyHal.l 

The BO assenbly hall will be located to the outside of the min ring or 

Ward Poad "D". The floorlevelof the assemblyhallwillbethe sane as 

the collision hall, approximately 42 ft. belcw grade. The walls helm grade 

willbe constructedinconcretebythe samemthod as thewallsofthe col- 

lision hall. The upper walls above the grade will be constructed withmetal 

panels similartoexistingindustrialbuildingsonsite atFermilab. The 

buildingwillbeprovidedwith a 20 toncrane. Themajorparamters of the 

BO assenbly hall are listed in Table IV. 

The assenbly hall will be attached to a loading garage where cmpments 

of the detectors will enter, at grade, by a flatbed truck and be lowexed into 

the asse&lyhallbya20 toncrane. The loading garage will be constructed 

with metal panels. Two sectional. views of the asseirbly halls, corresponding 

to two cases in Fig. 5, are shun in Fig. 6. The maximm height of the crane 

hookis at14 ft. intheloadinggarage. InCaseA,weneedtwo 2Oton cranes 

while in Case B, only one 20 ton crane is used. 

Amthergradebuildingmayalsobe attached to the asse~Uyhal.lata 

laterdate. This servicebuildingwouldbe at grade andused as work space 
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by the technicians and as office space by the qrimen&rs. It could also 

house support equipent. The structure will most likely use metal panels. 

VI.3 Dimensions of the DO Collision Hall 

A prelimimry design of DO collision hall is shmn in Fig. 7, where the 

size of the hall is 45 ft. wide and 160 ft. long. In this case, eight pre- 

castconcretetunnelsections are takenout frmbothsides,becausethe 

extraction systemextends to fulllengthof the straightsecticm. It is 

necessaqtoinstallanduse a20 toncrane tomve out the mmponentmagnets 

with aminimumtime,whichwillbehighlyradioactive. 

vII.1~~Altemtive ConstructionMethods 

Atpresentthereare twoaltexnaixmethcds ofconstructionbeingpro- 

posed for the mncrete walls of the collision and assembly halls: 

1. conventional reinforced cast-in-place amcreti walls. 

2. Non-conve.ntionalreinforcedconcreteslurrywalls. 

Designing each type ofwallwillbe doneby structural engineers to 

ccq+eandevaluate. The final decisim concerningwhichmthodwillbe 

usedtoconstructthewalls of the areawillbebasedontheirtechnical and 

ecaxnnical evaluations andestimated schedules. 

VIII. SlurryWall Technique 

The slurrywalltechuigueisbeing investigatedas apossiblemathod 

of construction for the collision and asserrbly halls at BO. A general de- 

scription and its advantages over conventional construction math&s, when 

appliedto this structure, are described inaprevious report. 7) Its major 
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advantages are time saving, less excavation area, eliminating sms water 

probl~,andconstructi~costsmaybecamparable~conventionalcons~- 

tion methods. 

The assured tin-e for construction of the mllisim halls was 3-l/2 to 

4-1/2mnthsduringour study. Thebuildingcouldbeccmpletedon~with 

the slurqmathodbecause thewalls couldbemadebefore the shutdown&arts. 

If the comentionalx&hodwas used, itcouldhardlybedoneon tirnewith 

such ashortpericd. If there would be a much longer shutdown time, 6-l/2 

or 7-1/21~&hs,constructioncouldn~etthetim schedulewithaH&ulous 

organization andmtivatedovertimework. 

Withacanventianalconstructi~s~~~e,theexcavationoflargeareas 

of earth is necessary before construction of the walls can begin. With the 

slurrywallmethod, thewalls are constructedbefore the excavationisbegun. 

The mount of timnecessarytoconstructabuildingusing the slurrywall 

n&hcdmaybeaslongas thatofconventionaln&hods. Themjoradvantage 

of this technique for Fermilabwouldbe thatthewalls and also the roof, if 

I7eeded,couldbeconstructed before the accelerator shutdown. 

Another advantage associatedwiththeslurrywall~thodis theelimina- 

tion of grauular fill outside the walls. When a conventicmal wall is con- 

struc~,theareaarounditmustbebackfilled. In the casewheregrauular 

backfill is used, water is able to seep dmn beside the walls and under the 

floor slab creatinghydrostaticpressureonthewalls and floor slab,thus 

necessitatingoutsidedeepwells and asmppq system. Whenaslurrywall 

is putintothe grouud, the areaarounditis notbackfilledbecauseonlythe 

interior of the structure is excavated, not needing an outside deep well 
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andsurtppmp system. The hydrostatic pressure is reduced on the floor slab. 

The horizontal hydrostatic pressure is taken care of by the design of the 

reinforcing in thewalls. 

Another advantage, in our case, with the slurry wall is that it extends 

into the impermeable clay as shm in Fig. 8, preventing substantial mounts 

ofwaterfrmflowingunderthe floor. The soil diagrams at BO and DO are 

taken from soil test reports. 8) This will eliminate the uplift force due to 

thehydraulicpressure unde.r the floor,whichmayhappenwithaconvmtional 

stru&ureifthesmppLmps fail The possible uplift force is about 8000 

tons onboththe collisiouhallandthe asse&lyhall. 

An example of a slurry wall for our project (approximately 42 ft. high 

frcmthe floorlevelto the gradelemalandextra several feetaboveit) my 

be of 3 ft. thick reinforced concrete, interspersed with 3 ft. wide H beams 

at approximtely every 8 ft. The slurry wall is extended 10 to 15 ft. below 

the floor level. ~Hbearrrsrunf~the~ofthewalldawntobedrocks, 

and will be about 75 ft. in total length. The tie back system for the slurry 

+lwillbe eive andmayormaynotbe eliminated in this case. Feasi- 

bility study shouldbedaneonthe design. 

Ix. Roof Structure for the Collision Hall 

Theconstructionof the roof structure forthecollisionhallis indepen- 

dentoftheconstructianmethodusedtoformthewalls. Theroofstructure 

mustbedesignedto support the concreteroofitself andan earthberm, 

equivalent to 10 ft. of concrete for shield+g purposes. The roof structure 

will also have to help resolve sma of the great forces exerted on the walls 

of the collision hall. 
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The forcesonthecollisionhallwalls areccmplexbecauseastructural 

wall, for all practical purposes; does not exist between the collision and 

asserkly halls. Forces that U&fourth wall would normally help resolve must, 

therefore, be resolved by the mmkiningthreewallsandtheroofstructure. 

S<Hlle~thodsthatcouldbeusedtoconstructtheroofs~tureareas 

follcws: 

1. Cast-in-place concrete. 

2. AIlletal structwxl systemwithathinconmete slaborotherrmtbraue. 

3. Precastconcretzbemswithathinconcrete slab. Theprefabricated 

~wauldtakeanyn~ofshapessuchasrectangular,tee-shaped, 

or channels. 

To avoidcounterbalancingthehorizontal force frcmthewall,bothends 

of the prefabricated roof material could be tied dmn after wall is finished 

(i.e., either after fillingwithgranularwith conventionalmathod,or after 

excavatinginsidevolurrrewithslurry~thod). Orweshould formandmakethe 

reinforcedmncreteceilingafterwallsaredone. 

Ifweusethereinforcedoancretebe~,the sizeofthecxmcretebems 

canbecal~atedaccordjngtothefollawingequationasaruleof~~. 9) 

d = 0.071 x ;x R d- 
wheredis thickness ofthebeamgiven ininches,bthewidthininches, R 

is the length in feet, and W the load in lb./ft.2. 

If we use W = 1,500 lb./ftq2 for 10 ft. equivalent of concrete blocks; 

R = 45 ft., b = 12 in., and d will be 36 in. = 3 ft. The weight of a con- 

crete bean, 50 ft. long, 3 ft. high, and 1 ft. wide will be about 11.3 tons. 

If we use's 2 ft. wide beam, the beam will be 2 ft. wide, 2 ft. high, aud 50 

ft. long and weighs about 16.3 lxms. This weight is manageable with a tern-- 

porarycrane. 
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Coucrete beams 2 to 3 ft. deep may be stroug enough to carry the weight of 

the berm, but my not.for any construction~qui~t that may run over the 

beams or the berm. 

Thetotalweightof thebemincludingthe concrete roof structure is 

about 5000 tons for a collision hall of 45 ft. x 130 ft. The wall bearing 

is about 20 tons/ft. 

X. E&movable ShieMing~Wall 

Thethicknessoftheshieldingwallshouldbe1O ft.ofregularconcrete. 

A shielding wall, which is largely remvable, could consist of four columns 

40ft. apart,~~wouldcarrya~tosupporttheceilingstructure. 

The dimensions of the beam would be on the order of 130 ft. loug, 3 ft. wide, 

and 5 ft. deep. This would weigh about 45 tons. 

Thecolumns couldbemadeofcaissons,whichextendtokdmck. The 

beamcmzriedbythecolmms muldbecastinplace,using slurrywallmthod 

ormakinguseof forms. 

Concrete shieldingblockswouldthenbepiledin frontofthe colmms. 

Each shield block would be 5 ft. x 5 ft. x 10 ft. and weigh 19 tons. We 

'need about 190 such blocks. Theseblocks couldbehandledbya 20 toncrane. 

These blocks could be slid urder the beam if we muld design inexpensive 

carriagemchanism. 

XI. ~Poss~l~~Disas~s'and‘~e~u~on 

There are severalpossibledisasters that could occur duringconstruction 

and later during use of the colliding beam area. The following is a list of 

the mre important consideration. 
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1. Wall cave-in. The walls of the collision and assanbly halls, which 

are 45 to 50 ft. high, must be designed so that intermadiate interior 

bracing will not be needed. Any interior bracing for the walls must 

be at a height that will not interfere with the clear space needed 

fortheexperinentalequi~t. 

2. Punps. Anyoutsideandinsidedeepsu~ppunpsusedtor~vewater 

fromthe soilaroundtheundergroundportionofthe structure, thus 

reducinghydrostaticpressure thatcouldcause thewalls tocave-in, 

mustbehcokedup toan~rgencygeneratingsys~thatwillkick 

onwhenthereis failure intheregularpcwersystem. Ifthebuilding 

isbuiltusingcon~tionalmethods andthe spacebelmthe floor 

were saturated with water, the collision hall and ass&ly hall would 

have 6000 to 7000 tons of uplift force due to the water. This neces- 

sitates outside suq punps. This problemcouldbe avoidedwith slurry 

ntathods asmentionedbefore. 

3. Flood. Therehavebeenseveral accidents, includingone atFennilab, 

whereur&rgroundexperimantal areashave floodedfromarainstorm, 

thus danaging expemtal equipkent. Reasonablylargesumppuqs 

inside the~rimentalareas,wkichshouldbeconnectedalsotoan 

e~rgencypowergenerator, arenecessarytopreventflooding. The 

collidingbeamareawillbe thelcrwestpointaroundthemainring. 

For precaution, we prefer to have the loading area on the grade and 

notaccessedbyarq,whichishardertomaintainduringwinter. 

4. Nitrogengas andflamnaablegas. A lot of liquid nitrogen is used in 

ConjunctionwiththeEnergy Doublermagnets andsuperconducting sole- 

noids at CBA for thermal radiation shield. Cold nitrogen is heavier 



TM-995 

- 16 - 

the nitrogen from settling in the collision and asse&ly halls before 

itcanbeexhausted. Othergases usedinconjunctionwiththepro- 

portional ch&er are heavier than air and also flmranable. In this 

case,properventilation aswell as no srrokingmustbemaintained. 

Helium gas, also used in this area, is lighter than air and again 

mustbeproperlyexhausted. When the colliding beam area is finally 

constructed, it will have the lowest floor level on the main ring. 

Anyheavygases in themainringwouldtendto accumulate andsettle 

inthe collidingbeamarea. Therefore, itwill be important to elimi- 

nateanygasleaks inthemainringtunnelandCRAandtopreve.nt 

failure of theventilation system. The ventilation andexhaustsys- 

tan should be hooked up to an emergency generating systemto avoid 

any of the aboveproblemswhenthereis a-outage. Gasmonitors 

for each gas should be installed. 

XI. Construction Schedule 

~econstructians~~~ewillbebasedonthemnountof timeavailable 

during the accelerator shutd~duringthe smrof198l. At this tiroe, it 

is still unclear hoiv lcng the shutdcx,vn will last. The shutdown may range 

frcnn 4-l/2 to 7-l/2 months. 

Regardlessofthelengthof the shutdcwnandconstructionmethodused, 

the follawing jobs must be ccqleted before any major construction starts: 

1. Anyexistingutilities thatwillinterferewithconstructionmustbe 

relocated. 
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2. Theexistingpedestrianandminorvehicle accesswaysmustbe removed 

and relocated if still regarded vital to the operation. 

3. Caisscms shoulabe~~inf~gradelevelbefore theshutdown. 

Otherwise the caissonswoulddisruptthe construction schedule. 

4. Before the end of shutdown, the'main ring elements necessary for the 

operationof the acceleratirmtbe reinstated so that the ringwill 

bereadyforuse. Thismay takeaaonth. 

Assmning a 4-l/2 mt!h shuW andtheuseof 

for constructing the walls, it would be possible to 

theslurrywallr&zhod 

construct a major portion 

of the collision hall in 4-l/2 mclnths. 

XII. 'Cost Estimation 

The costforthebareminimum concrete structureofacollidinghallmay 

be in the range of $1.5 to $1.7 M regardless of the ~truction technique. 

The concrete shielding blocks for the wall will occupy a volume of 120 ft. 

long, 40 ft. high, and 10 ft. thick and will cost about another $450 K at the 

unit cost of $25O/cubic yard. 

Ifwemakethebareminimum concrete structureofacollidinghalland 

an assenbly hall without the metal panel building for the assembly hall but 

withconcrete shieldingblocks,thecostwillbeabout$3M. 

The additional cost, including the metal panel building, utilities, and 

tvm 20 ton cranes IMY run $lM to $1.5 M. Therefore, the total cost of BO 

building as shown in Fig. 9 may cost $4 M to $4.5 M. 

The unit cost of concrete Gork is listed in Table V together with other 

relatedparameters. In recent years, the inflation rate for concrete work 

was statedat3Opercent/year. 
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XIII. specbl~Xems twbe Consideredand Designed 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

&e superstructure fortheceutraldetector. Wehavetoknmhcw 

ti hold and how to maintain the elerm-ks of the detector, including 

~oo~~rs,calor~termodules,endcaps,andsoan. Theover- 

alldimnsionsmaygr~audincreasethereguiredwidthofthecol- 

lision hall. 

Thecarriage systepnandthe floorforthe centraldetector. The 

carriage itself needs mechanical design, and its rail and moving 

n~&anismshouldbedesigned. The useof caissons andconcretebeam 

underthe floor shouldbedesignedaswell as the floor thickness. 

The carriage system and the floor for the forward detector. This 

carriagemaybeofsinplerdesignbutstillneeds scmemxhanical 

design and considerations. The possible use of caissons for torodial 

magnets and-the floor thickness shouldbedecided. Slabtechnigue 

might be used without caissons. 

~gmechanismforconcrete shieldingblocks under the concrete 

beam. 

Fquipenthousing. Its functions andtherequiredspace for each 

function should be specified. 

Bxkargenqpwergenerator. Itwill be used for smp pumps, exhaust 

fans,airintakefans,gasmmitors,ands~cantrolcircuits for 

main~gsuperconductingmagnets. 

Gas nmnitors. Several differenttypofgasmnitorswillbeneeded 

for personal safety in the collision and assembly halls. 
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8. Connectionti eqCpItEnthous~g. The follawing items should be 

connectedto it frcmtheoutside: AC paver lines, skpal cables, 

liquidheliumandnitrogentrausfer lines,helimngaslines,cmling 

water lines,and sorre tiustgaslines. 

Connection to forward detectors. The following items should be 

connected to it: AC power lines, DC power lines, s,ignal cables, 

detectorgas lines,andexhaustlines. 

Cmnectiontolowbetaguadmpolemgnets and ccqensating solenoid 

magnets. The follawingitems shouldbeconneckd to them: DCpuwer 

lines, ax&rol sQna1 cables, liquid helium and nitrogen transfer 

lines, and helium and nitrogen gas lines. 

A satellite liquid helium refrigerator. Itwill be installed in 

the supportbuilding for the s upemonduct+gmagnetsin BOarea. 

Radiationmonitors. 

~anypeopleamtributed~thiswork. Itisveryhardtonamandthank 

all the persons, but we can name the following: L. Lederman, A.Tollestnq, 

H. Jensen, H. Kautzky, R. Schwitters, D. Young, R. Huson, P. McIntyre, 

L. Pondrcm, M. Warner, J. Gehard, V. Kuchler, D. Orland, W. Nestander, I. Orosz, 

D.Cossairt,L. Carlson, andA.VanGinneken. 
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Table I 

Dimnsions andParameters 0fCentralDetecbr 

Radially 

Radius of Calorimeter 11 ft.-6 in. 

Phototubes and Crate 2 ft. 

MuonDetector 2 ft. 

15 ft.-6 in. Diameter 31 ft. 

Lengthwise 

Steel Core 

Phototubes 

23 ft. 

1 ft.-6 in., x 2 

‘26 ft. 

Weight of detector itself about 1600 tons. Total weight of carriage, detector, 

shield, and qui-t housing about 2500 tans. 
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Table II 

A Set of Forward Detector: ‘Weight 'DiEkE&kr &?ea 

Front set of toroids 800 tons 25 ft. 25 ft. x 8 ft. 

Particle identifier 10 tins 

EMandhadroncalorimkers 550 tons 19 ft. 19 ft. x 7 ft. 

Back set of toroids 800 tons 25 ft. 25 ft. x 8 ft. 

Total weight of a set of forward detector: 2200 tons 

Total space occupied by a set of detector: 25 ft. x 32 ft. 

Total electrical power for a set of detector: 2 MW 

Opening angle ltlS" 
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Table III 

Major Parameters of BO Collision Ball 

Main Parameters of Collision Ball 

Width 

IJ=gth 

E/bbeamlevel 

Floor level 

Floor concrete 
thickness 

Beamheight 

Mainringtuunel 
level 

Grade level 

Ceiling height 

Berm thickness 

Berm height 

Crane 

Passage 

45 ft., including 6 ft. bypath 

1120 ft. 

723 ft.-4.5 in. 

705 ft.-4.5 in. 41 ft.-7.5 in. below grade 

2 ft. % 3 ft. (?) 2000 ton/30 ft. x 25 ft. = 
2.7 ton/ft.2 

18 ft. 

722 ft.-6 in. 

23 ft.-7.5 in. below grade 

747 ft. 

18 ft. + 15 ft.-6 in. + 6 ft. (clearance) + 

6 ft.-l0 in. (crane) + 6 in. (clearance) + 

1 ft.-6 in. (brace) = 48 ft.-4 in. 

10 ft. concrete equivalent thickness (3 ft. concrete 

+gin.dirt) 

19 ft. above grade 

20 ton 6 ft.-l0 in. for crane height 

(50 tin provision (10 ft.-8 in.)) 

34 ft. wide 4 ft. clearance on both sides 

35 ft.-6 in. high 2 ft. clearance at top 
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MainParameters ofAssemblyHaJ.1 

Width 50 ft. 

Length 120 ft. 

Floor level 705 ft.-4.5 in. 41 ft.-7.5 in. below grade 

Floor concrete thickness 2 ft. Q 3 ft. 

Grade level 747 ft. 

Ceiling height 22 ft.-l0 in. or 7 ft.-10 in. 

Crane 20 ton 

Thickness of shielding 10 ft. amcrete 
wall 

MainPararc&erofSpacefor~~tHoUSing 

Area 25 ft. x 45 ft. 

MainParamzteroflioadingGarage 

Width 60 ft. 

Length 30 ft. 

Floor level 747 ft.-6 in. 6 in. abov~grade 

ceiling height 4 ft. (flatbed truck) + 6 ft. (calorimeter) + 

4 ft. (clearance) + 6 ft.-10 in. (crane) + 

6 in. (clearance) + 1 ft.-6 in. (brace) = 

22 ft.-lo in. 

crane 20 ton 
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RelatxWParm2Wrs 

Density: 

Dirt 2.0 (% 2-3) 

Nod concrete 2.4 

Heavy concrete 3.8 

Priceof Concrete 

Concrete itself 

Reinforcedmncreteblocks 

Reinforced ooncrete beam (IL 50 ft. long) 

Foxmdconcrete 

Floor 

Maximumloading 

FlcorIoading 

QJ 1000 tons 

Not clear cut, depending on soil, depth, 

Existinif Exanples 

Proton Lab, High 3 ft.-6 in. thick 200 tons/s ft. x 10 ft. = 
IntensityBeamArea 4 tons/ft? 

Neutrino Lab C, 
24 ft. toroids 

1 ft.-6 in. thick 

Neutrino Lab E, 
12 ft. toroids 

1 ft.-8 in. thick 

~son,Exp. 605 2 ft. and 3 ft. 
thii=k 

l500,tms/16 ft. x 57 ft. = 
1.7 'L 3 tins/ft? 

Proton-Neutrino Lab 

lb&t 

125 

150 

237 

$ 50&Y 

2501~~ 

300/w 

4OO/cu 

2gwY 

ton/cy 
1.7 

2.0 

3.2 

5 ft:diam. 6 ft. diam. 

'L 2000 tons 'L 2800 tons 

area, and criteria 

14 ft. of dirt 
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Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

Fig. 6 

Fig. 7 

Fig. 8 

Fig. 9 

OverallDin-ensi. of CentralDetector. 

Overall Dimensions of Forward Detector. 

Preliminary Design: Section View of Collision Hall at BO. 

~1iminaryDesign: Plan View of Collision and AsseAly Halls at 
. 

Preliminary Design: Section Views of Collision and Assembly Halls 
at BO. Tbodiffezntheights forass&lyhallare shm. 

Preliminary Design: Section Views thmugh Assembly Hall of BO. 
Twodifferentheights for asserblyhallare shmm. 

PreliminaryDesign: Plan and Section Views of Collision Hall at 
DOwithRelationtoExtractionSystem. 

Simplified Diagram of Soil at BO and DO Collision Halls. 

PreliminaryDesign: Colliding Beam Area at BO. 
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