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SUMMARY

This paper describesthe liquid argon portion of the EMPAC’T calorimeter.

This description would apply to any large argon calorimeter but this paper is

specific to EMPACT. The plant will he describedas well as the cooling systemfor

the calorimeter itself. Figure 1 showsa possiblelayout. The following cryogenic

systemis an extrapolationof the SLAG detectors:MARK 11, SLD, and also the

DO of Fermi Lab.

* Operated by Universities ResearchAssociation, Inc., for the U.S. Department of Energy
under Contract No, DE-ACQ2-89ER10483.
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MAIN .SYSTEMS

The local at level argon storagehasthecapacityto hold a full argoncharge

for the barrel module, plus the two endcaps,and 20 or 30% excess.

Remoteliquid nitrogen storage. This dewar farm will have the capacity to

store 30 or more hours of liquid peak nitrogen, which is being usedat the cool

down use rate. During cool down, the flow rate will be in excessof 2000 liters

of liquid-per-hour. The averageflow rate for the barrel module could be 500-

700 liters of liquid per hour for a 45-daycool down.

Detector. Refersto the detectoritself, including endcaps,with a liquid nitro

genuserate of 1300 liters per hour if the amplifiers are placedin the argonliquid

assuming 50 kW of heat from the amplifiers and another 10 kW for assorted

heat loads.

Vacuum pumps.Vacuum pumpswill be usedfor insulation of the argonmod

ules.

Local at level liquid nitrogen conditioner provides liquid at a vapor pres

sure of approximately30 psig. Liquid nitrogen valves and their automatic con

trols maintain the argon module temperatureandpressure.

Local argon referencepressuredewar. The "over pressure" in the modules

is maintainedby a small volume 1000 liters dewar so that a reasonablyfast

responsecan answera requestfor a module pressurechange.

Control systemfor argon "over pressure"regulation andfilling anddumping

of the modules.

Boiler. A boiler providesvaporizationof excessliquid nitrogen blow through

in the cooling systemfor all argon containers.The vent line to the surfacemust

remain free of liquid that would produceback pressureon the liquid nitrogen

coolant in the various heat exchangers.A boiler to vaporize argon in the event

a liquid dump should be required in caseof an emergency. Loss of insulating

vacuumwould he one example.
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Instrumentand valve controller air filtered, etc. with back-up.

VARIouS SYSTEMS IN MORE DETAIL

The Local Argon Storage

Thesedewarsare placedat the detectorlevel to reducethe large liquid head

over 120 psig that would be producedby full vertical lines from the surfaceto

the bottom. The detectoris designedto operatewith about 30 psig and would

be destroyedif accidentally valve failure exposedto sucha high pressure.The

result could be catastrophicin terms of financial loss and loss of humanlives.

Eachdewarwill haveacondensingcoil in the gasphasecapableof condensing

a few hundredliters per hour of argon at a vapor pressureof oneor two psig and

a heater to raise the argon temperatureif needed. Transfer to and from the

local storagedewarfrom the moduleswill he doneby usingpressuredifferences

betweenthe dewar andthe modules to force liquid to transfer. Someliquid will

be vaporizedbut not all of it. Caremust be taken in the elevationof the piping

to be sure large pressuresin the moduleswill not he required to force the liquid

over needlesslyhigh transfer line elevations.

The presentdesignfor EMPACT requiresabout 200,000liters of local argon

storage.

The nitrogen control systemfor the argon dewarsconsistsof the following:

1. A liquid N2 supply valve to the top condenserandan exhaustvalve which

controls the temperatureof thenitrogenin thecondenser.All areremotely

cbntrolled andadjusted.

-

The inlet valves supply should he 1" vacuum insulated, roportional

control cryo valveswith remote controllers.

The outlet valves exhaust should be 1-1/2" vacuuminsulated, propor

tional control cryo valves with remote controllers.
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2. The nitrogen transferlines from the dewarsto the argon tanksat the lower

level.

If the nitrogen dewarsare placed on the surface, one large 2" transfer line

can be usedto carry liquid to the lower level. The one line could supply all of the

nitrogenneededincluding that for cooling the modules themselves.Redundant

valving would be necessaryat the top and bottom of this line as well as local

pressureconditioning dewars for the distribution system below. The vertical

depth of more than 150 feet causesliquid nitrogen to be at 70 or-SO psig at the

bottom andthe cooling loops in the moduleswill run in the pressurerangeof 30

to 40 psig. -

Major components:

A. Liquid nitrogen dewarsat the top 60,000 liters.

B. Valves at the top with remoteand local control.

C. 2" or bigger transfer line from the top to the bottom.

D. Valves at the bottom to control the local conditioning dewar.

E. 2" cryo inlet valve and controller.

F. 2" cryo gas outlet valve to control temperatureandpressureof
the liquid in the conditioner.

C. 2" cryo liquid outlet valve andcontroller, supply to various
cooling loops.

H. Local 1000 liter conditioning dewarfor the module cooling loops.

The module temperaturecontrol system.The argon modulesare both cooled

andrefrigeratedby cooling loops which are attachedto the variousouter surfaces

of the liquid argon container. The barrel module,for example.hassee Figure 2

four cooling loopson the outer cylindrical wall and two loopson the inner cvliu

drical wall. Others probably will he put on the barrelends.

The feed lines for each loop will originate in the LN control rack, placed as

close as possible to the detector,and the exhaustlines will go to a similar rack

on the other endof the detector.
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Figure 2. Barrel Module Example



The supply systemwill consist of:

A. Supply valves Barrel module only

6- 1-1/2" vacuuminsulatedproportional control valves

B. 6 controllers

C. 6 vacuuminsulatedtransfer lines 30-50 feet long

The exhaustsystemwill consist of:

A. Exhaustvalves Barrel module only

6- 2 or 2-1/2" vacuuminsulatedproportional control valves

B. 6 controllers

C. 6 2 to 3" vacuuminsulatedexhaustlines to the collector line

D. 1 insulatedcollector line 50 to 100 feet

Thesevalves are all sized for the, flow rates during cool down and must be

capableof handlingandcontrolling flow ratesas much as 10 times smallerduring

some phasesof operation.

The endcapshave hadvery little attention given to the cryo systembut the

following assumptionswill be made:

A.. 4 cooling loops for each endcap.
B. 1" supply lines amid 1-1/2" exhaust lines.
C. 1 collector line to the LN boiler, can be common with the

barrel collector line.

Eachendcapwill have:

A. 4 cryo inlet valves 1".
B. 4 vacuuminsulatedsupply lines 50-100 ft.
C. 4 exhaust valves 1-1/2".
D. 4 vacuuminsulatedexhaustlines 1-1/2" 50-100 ft.
E. S -alvc controllers.



THE LOCAL ARGON CONDJTIONER

The 1000 liter dewar usedfor pressurereferencefor the moduleshas a con

denserin the gasphaseto maintain the pressureat apresetvalueanda heaterto

speedthe responsetime. It can move argon to the modulesin either liquid or gas

form. It can passargon gasdirectly back to the storagedewarswhen additional

condensingcapacity is needed.

The condensertemperatureis controlledby a liquid nitrogensupplyvalve and

an exhaust valve whosefunction is to control the vapor pressureof the nitrogen

in the loops. Feedbackis takento the control systemfrom the pressurereferences

in the gas phaseof the modules. If all threemodulescan be run at the sameover-

pressurethe systemis relatively simple. If threereferencedewarsare required,

it is much more expensive.Assumea single referencedewar.

The componentsare:

A. 1" cryo inlet valve for the LN loop
B. 1-1/2" cryo outlet valve for the LN loop

C. 2 controllers
D. Dewar, 1000 liter, with internal condenserandheater
E. Cryo liquid argon supply valve from main supply dewars

F. Cryo gas argon valve from main supply dewars -

Controls for argon to the modulesfrom the argon pressurereferencedewar.

This system,shown for the barrel modulesonly, controls the gas and liquid

phaseargon to the three modules.

Valves, all cryo-vac insulated:

A. 3 - 2" cryo valves, supply to the modules.
B .3-3" crvo valves, gas phaseto the modules.

Other svsteui couipnents:

6 controllers. -
Transfer lines to the modules.
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3-liquid phase2" lines 50-100 ft long.

3-gasphase3" lines 50-100 ft long.

If it is necessaryto operatea module and dump a secondmodule,additional

bypasstransfer lines and valves may be needed.

Argon EmergencyDump

In the eventthat it becomesnecessaryto vent argonfrom the modulesystem

becauseof vacuumloss or someother emergency,liquid argon mustbe prevented

from accumulatingin the vertical vent line. The line is about 175 feet high and

if filled to a point high enough to back-pressurethe argon to 70 sig, the’ test

pressurewould be exceeded,andpossiblywould damagethe modules.

Needed:

A. 3" transfer line to the boiler from the argon control rack

150 ft
B. 3 - 2" open-closevalves for cryo service,onefor each module
C. 1 vent line to the surface8-10" line 175 ft, not insulated
D. Boiler and 150 kW heater

Nitrogen Boiler

A small amount of liquid nitrogen is blown on through the loops and could

possibly fill the vent line with liquid nitrogen. The densityis such that acolumn

of liquid 10 feet deep would place a back pressureof about four psi on the

cooling system. This would raise the boiling temperatureof the nitrogen about

two degreesand thus reduceits cooling potential. In order to prevent this from

happening,an automaticheateris installed in aboiler module and level detectors

are used to turn heaterson when neededto boil off the excessliquid.

In normal cooling, if all of liquid is vaporized, the use rate of liquid will he

about 1200 liters an hour. Unfortunately, only onehalf of the cold availablethe

heat of vaporizationpart is used and the other onehalf of the cold will passon

up the vent and he exhaustedas a cold plume of gas. The vent line would get
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cold andfreeze. The vent line shouldprobablybe insulated. The alternativeis to

havea warm-up heaterin the stackthat runs 60 or 70 kW of heat continuously.

Insulated transfer lines from the modules to the boiler includes:

A. 4" ID 150 ft
B. Boiler with 3 level heaters

C. 250 feet of insulated line 6" to the surface

Neither of theselines need,from the cryogenicstandpoint,to be high quality

transfer lines, but they will producea lot of ice and dripping water if they are

not good enough.

Main Vacuum Pumps

Two systemsare needed,each with a specific purposeand different require

mentson its performance.

1. The main insulating vacuumsfor the three modules is relatively simple

andcan consist of severalfor redundancyroughingandbackingpumps.

Their purposeis to rough the insulating region down to 20 or somicrons

and then he switched over to provide backing for several redundancy

turbo molecular pumps in parallel on each module. The main purpose

of tins system is to produce a vacuum of well below 1 nucron in the

insulating space. Super insulation will he used to reduce the radiation

heat load. Some care should he taken with proceduresto eliminate oil

backstreamingduring the roughing stage.

2. The pump and purge systemto he ,ised on the modules themselveshas

much morerigorous requirementson its performance. It needsto he large

enoughto pump the systemsto about 500 to 1000 microns in a few hours

andyet cleanenoughto keepany contaminants,oil, etc., from hackstream

ing into the modules. The argon is easily contaminatedand less than

1 ppm of most electronegativematerials will make it unusable. So far

there is no way to purify it economically.
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THE BARREL VACUUM INSULATING SYSTEM

Barrel volume = 400 cubic feet/about 12,000liters

Requires:

A. 2 - 400 liters/secondturbo pumps as close as possible15 ft

B. 2 - 8" vacuumlines 15 ft long

C. 4 - 8" vacuumgate valves

D. 2 - 100 CFM mechanicalpumps
- E. 85 ft. of 8" line from the turbos to the mechanicalpumps

F. 2 - 8" vacuumgatevalves

OperationDescription

The mechanicalpumpswould, if both wereon, pump the volume to one-half

pressureevery two minutesand would be used to take the tank down to about

30 microns. At 30 microns, the turbo pumps would be started becausethey

are many times faster than a mechanicalpump. When the tank is evacuated

enoughthat one turbo with two mechanicalpumps reachesa backing pressure

of about 40 microns,both turbos should be openedand the pump down should

be continued. Turbo pumps do not like to pump againstabacking pressureover

100 microns, so carehas to be taken to prevent this from happening. -

The lines andpumps aresized to pump down in a reasonablyshort time and

more importantly, to maintain a usablevacuumin casea small leak developsin

the module system. If a leak developsin the vacuumsystem,speedis the limiting

factor in how good a vacuumcan he maintained. A vacuum of twc microns or

better should be maintained.

TIlE BARREL ARGON PUMP AND PURGE SYSTEM

Purity of the argon andno backstreamingof oil is the problem in this system.

Several100 CFM high quality mechanicalpumpswith in-line filtration to reduce

oil hackstreamingand particulate hack flow will suffice.
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The proceduresmust be carefully written to reducethe chanceof accidental

openingof avalve or shutting down apump in sucha way that air can rushback

into the modules.

Requires:

A. 2 - 100 CFM mechanicalpumps
B. Multiple filters
C. 6 - 3" vacuum valves
D. 3 - 1" purge gasvalves

E. 4" vacuumline to each module. Theselines go to the gas phase.
F. Switch gearfor the pump motorsand valve controllers.

ADDITIONAL NOTES

TransferLines -

Transferlinesvary in costwith their complexity andwhetherthe costincludes

valves and gages. The following numbersare best guessesfor the cost/foot of

various simple lines:

A. 1" doublewall vacuuminsulated= $70/foot

B. 2" double wall vacuuminsulated= $110/foot
C. 3" doublewall vacuuminsulated= $150/foot
D. 4" doublewall vacuuminsulated= $200/foot

CRYOGENIC VALVES CRYO

Cryo valves also vary greatly and the following numbers will be used but

shouldhe checked.All valves haveoperatorsandpositioners,but not controllers:

A. 1" cryo valve $2500

B. 2" cryo valve $3500
C. 3" cryo valve $5000
D. 4" vacuumvalves $1600
E. 8" vacuumvalves $2700
F. 1" vacuumvalve remote $370

12



VALVE CONTROLLERS

One controller $1500

PUMPS

FromLeybold 1989 catalog:

A. 100 CFM mechanicalpump $8300

B. 359 liter/sec. turbo pump $9400

BACK STREAM FILTER

Nonefound

DEWARS

1000 liter dewarsshould costabout $50,000with condensers,etc.

PRELIMINARY COMPONENT LIST AND COSTS

Local Argon StorageLN Systems

A. 3 dewars 15 ft OD by .32 ft tall with
condensingcoil inside 1M$

Processengineeringest. each $360,000
this seemsmuch too high

B. LN control valves for condensersin storagedewars

1. 3 - 1" supply cryo valves with positioners $7,500
2. 3 - 1-1/2" exhaustcryo valve with positioners $9,000
3. 6 controllers $9,000

C. Transfer lines to lower level from surfaceLN source

2" ID vacuuminsulated250 feet $27,500

D. Transfer lines from LN conditioner to dewars

3 - 1" ID vacuuminsulated100 feet $21,000

E. 3 - 1-1/2" ID vacuum insulatedexhaust lines
from dewarcondenser $27,000

F. 6 controllers for D and E $9,000
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LN SourceSystemat Surface

A. 60,000 liters, at least, of LN storagedewar $200,000
B. Filling station $30,000
C. 4 - 2" valves,manualcryo or remoteopen/close $14,000
D. Transferlines to dewars,100’ of 2" ID vac insulated $11,000
B. 2 or 3-2" ID redundantcryo open/closevalves

to feed line 2" below in the experimentarea $10,500

LN Conditioning Systemsto Reducethe 175 foot Head
Pressurefrom 70 to 30 or 40 psig

A. Dewarabout 1000 liter - $50,000

B. 2" cryo valve with positioner for proportional
control $3,500

C. Controller for the valve $1,500

D. LN depth gagefor 1000 liter dewarand
transmitter $5,000

E. 1" cryo valve to control pressurein gasphase
of the 1000 liter dewarto about 30 psig $2,500

F. Controller for the valve $1,500

G. 1000 L dewar outlet 2" cryo valve, open/close $3,500

H. Tent systemto surfaceto removegas produced
in the 1000 liter dewar. 200 ft of 3" diameter
insulated to prevent ice formation. $30,000

NOTE: THIS VENT MIGHT BE PIPED OVER TO THE MAIN NITROGEN

VENT WHICH HAS AN AUTOMATIC HEATER SYSTEM.
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The Argon Dewar Fill andDistTibution System

A. Filling station on the surface,monitors,valve

controllers,etc. $30,000

B. Depth gagefeed backfrom eachargondewar $10,000

C. 2" cryo open/closevalves on surfaceto 2" fill

line going below - $3,000

D. 2" transfer line 250 ft long from the fill station

to the distribution manifold on the argon dewar

supplies $27,500

E. 3 - 2" open/closevalves. 1 to eachdewar fill

line. Remotelyswitched at fill station. Auto

monitor of dewarpressureand depth to override
valves in emergency. $10,500

F. 2" transfer lines to each dewar from the 2"

vertical fill line. 100 ft each - $33,000

The Argon Dewar to Argon Conditioner System

A. 3 - 2" cryo valves, open/close,one at each
dewarliquid outlet $10,500

B. Transfer lines from the valves in item A. to

the main 2" line over to the argon conditioner.

3 - 2" ID 50 ft long $16,500

C. 2" liquid line from the valves in item B. to
the argon conditioner on the detectorabove the
top of the argon module liquid level - $16,500

D. 3 - 3" cryo valves,open/closeto return gaseous
argon to the top of the 3 argon storagedewars $15,000

E. Transfer line fiom the valves in item D. to the
3" ID collector line from the valves to the argon
conditioner 3-50 ft long $22,500

F.3" ID transferline from the lines in E. to the
gas phaseof the argon conditioner, 150 ft long $22,500
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The Argon ConditionerSystem

A. A 1000 liter dewarwith a liquid nitrogenrefrigerated
condenserin the top anda 10 kW heaterto speedthe
responsetime of a temperaturechange $50,000

B. Liquid nitrogencooling systemfor the argon
conditioner

1. 1" cryo valve proportional controlfor
the liquid IN circuit - $2,500

2. 1-1/2" cryo valve proportional controller
for the gas OUT circuit $3,000

3. 2 controllers for thesevalves $3,000

4. 10 kW heatercontrol to raisethe dewar
pressurequickly $2,000

C. Argon transferlines from the conditionerto the
control valve racks

1. 2" liquid supply line, 30 ft long $3,300

2. 3" gasreturn line, 30 ft long $4,500

D. The argon control valve rack. This has the following.

Valves for controlling liquid from the argon conditioner
to the modules.

Valves to control the argongas returning from the modules

gas phaseto the argon conditioner.

Valves to vent oneor all modules to the argon boiler in emergency.

1. 3 - 2" liquid argon control cryo valves $10,500
2. 3 - 3" gaseousargon control cryo valves $15,000
3. 3 - 3" cryo valvesto vent argon to the boiler $15,000
4. 3 - Controllers for the module gas phasevalves

in casepartial closing is neededto reduce - -
pressureoscillations in the gas phase $4,500

5. 2 switch control systemsfor the vent valves
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The Module Cooling System

A. The main barrel has six cooling loops 8 if the endsare

cooled. Eachloop has a liquid nitrogenIN control
valve and a gaseousnitrogenOUT control valve. The

LN comesfrom the liquid nitrogen conditioner.

1. LN supply valves

6 - 1-1/2" cryo valves $18,000

2. LN exhaustvalves

6 - 2" cryo valves $21,000

3. 12 controllers $18,000

4. Transferlines

6 - 1-1/2" transfer lines, 30 feet long $18,000

6 - 2" exhaustlines, 30 feet long - $19,800

B. The 2 endcaps,each with 4 loops. The nitrogen comes

from the LN conditioner.

1. The inlet valves. 8 - 2" cryo valves $20,000
2. The exhaustvalves. 8 - 1-1/2" cryo valves $24,000
3. 16 controllers $24,000

The Argon Boiler for ExcessArgon During Emergencies

1. The collector transferline that takesargon from the

3 modules if needed.

3" vacuuminsulated line, 100 ft long $15,000

2. The boiler andheaters,with controls $50,000

3. The vent line to the surface175 to 200 ft
of 6" line, no insulation -

The Boiler for ExcessLN in the Cooling System

1. The collector transfer line that takesoutflow from
all of the exhaustvalves andmoves it to the boiler.

4" vacuuminsulated line, 100 ft long $20,000

2. The boiler with three stageheaterandcontrollers $50,000

- 3. The partially insulatedline to the surface.6" line
180 ft long
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The Argon Supply StorageDewars

200,000liters neededprobably $250,000each

for threedewars $750,000
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Work BreakdownSheet

5.4.3 Cryogenics
5.4.3.2 Calorimetry

5.4.3.2.1 Liquid argon system

5.4.3.2.1.1 Storagedewars

5.4.3.2.1.1.1 Ground level storagedewars

1 or 2 60,000liter, with condenser

distribution system -
vertical transfer line to lower region

jacket pump out and monitor
relief valves

valves and controllers
monitors for liquid levels -
various pressuregages
purity tester for new argon shipments
brackets,panelssupports
labor, installation, overhead

5.4.3.2.1.1.2 Pit level argon
2 to 3 60,000 liter, with condensersand heaters
valvesand controllers -
transfer lines
depth gages
remotecontrol system
distribution from topside to local dewars
heatercontrollers
monitors for liquid levels
brackets,panelssupports
labor, installation, overhead

5.4.3.2.1.2 Pit level argon conditioner
1000 liter with condenserandheater
heatercontroller
monitor for depth and I1essure
liquid argon inlet valve
gaseousargon return valve to storage
liquid argon valve to module control rack
liquid nitrogen loop inlet valve
gaseousnitrogen outlet valve from loop
loop pressuregages
controllers for all valves
remote monitoring and control
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brackets,panelssupports
labor, installation, overhead

5.4.3.2.1.3 Control rack for argon to modules
3 liquid phasecryo valves
3 gas phasecryo valves
3 gasvent valves to dump boiler
remotemonitoring and control
3 transfer lines to liquid phase
3 transfer lines to gas phase
transferline to boiler for excessargon
labor, installation, overhead

5.4.3.2.1.4 Argon modules
6 to 8 cooling loops on the barrel module
4 loopson each endcap
many vapor pressurebulbs
many thermocouples

pressuregagesand transmitters
depth gagesfor module liquid levels
heatersfor module warm-up
remote controls and indicators
labor, installation, overhead

5.4.3.2.1.5 Argon boiler for excessliqftid
boiler with severalhundred liters volume
3 stageheater
controls for it
partially insulatedvent line to surface
depth gagefor heatercontrol
pressuregageto detect liquid in vent line
labor, installation, overhead

5.4.3.2.2 Liquid nitrogen system
5.4.3.2.2.1 Liquid nitrogen storagedewars

1 or 2 60,000 liter dewarson surface - -
filling station for trucks
control rack for distribution to lower region
transfer line to pit
depth gages
valves
remote controls
evaporatorcoils to producegaseousnitrogen
mechanicalpumps to pump transfer line vacuums
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labor, installation,overhead
5.4.3.2.2.2 Liquid nitrogen in pit

local batch fill dewar, 10,0:00 liter

distribution transfer lines to
argon conditioner

LN control rack
depth gages
valvesandmanifolds

controls, local and remote
safety shut oft’s to stop over fill from above

vent to surfaceto exhaustgaseousN2

relief valves on all transfer lines
labor, installation, overhead

5.4.3.2.2.3 LN control rack on supply side
transfer lines to 3 modules
transfer lines to argon conditioner

liquid supply valves to lines -
controls

monitors
labor, installation, overhead

5.4.3.2.2.4 Gas nitrogen control rack on exhaustside
valves to N2 vent from the following

3 modules

argon conditioner
transfercollector line to N2 boiler
gages
relief valves

monitor andcontrol system
labor, installation, overhead

5.4.3.2.2.5 LN boiler for excessLN
boiler with severalhundredliters volume
3 stag heater
controls for it
partially insulatedvent line to surface
depth gagefor heatercontrol
pressuregageto detect liquid in vent line
labor, installation, overhead

5.4.3.2.3 Cryogenicvacuum system
5.4.3.2.3.1 Argon pump and purge system

mechanicalvacuumpumps
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valves
filters
gages
controls
vent to surface
pipes to modules
helium back fill systemfor modulecool down
labor, installation, overhead

5.4.3.2.3.2 Main insulating vacuumsystem
turbo molecularpumps
valves
monitor -and control
remotesystem
nitrogenback fill
labor, installation,overhead

5.4.3.2.4 Control room/area,remote
dedicatedcomputer
generalcontrol system
datalogging
monitoring of all functions
control of appropriatefunctions
labor, installation, overhead

5.4.3.2.5 Emergencydump systemfor major argon dumps
controversialeffectiveness
subterraneaninsulatedcatch basins
limit maximum dump by anti siphon piping
exclude personnelwhen argon present
gas tight sealsfrom hall to tunnels
breatherunits worn at all times
guidepathsto nearestsafecompartment

heavy fog forms on spill, no visibility!
argon leak detectors
loud alarmson leak
many thermally insulated, air supplied

safe compartmentsclose to work
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Figures 3 to 6 are providedwithout explanationas examplesof distribution

systemsfor the detectorsconsidered.they are of a size similar to that given in

the text.

23



Figures 3 to 6 are provided without explanationas examplesof distribution

systemsfor the detectorsconsidered. They are of a size similar to that given in

the text.
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All Valves and Pumps
Remotely Controlled

[ He.

On the Detector

Gas Phase Argon
Vac. Ins, tine
3 Id.

4 Vac. Ins. Cold
valve

Mechanical Pump
100 Cf m
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4Vac.Valve

4* Vac. Line

1" HelIum Valve
lot Purge Gas
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- Argon Module Pump And Purge System
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Figure 3. Argon Module Pump and PurgeSystem



Example Main Insulating Vacuum For the LW Empact
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Figure 4. ExampleMain Insulating Vaciiiiua for the LSD EMPACT



3 Argon Dewars had 1 LN Dewar
Each 4.5 M Oiam. By 10 ?fl Tall
At Ground Level I

4 Dewar
Above Ground
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3 Argon Dewars And I Llj Dewar
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LN and Argon storage below ground

EIirnnates high pressure heads
due to depth of area below ground
level 200 feet - 120 PSI

No pumps required lo transfer
Argon to and from storage system

Needs deep chamber cut

Figure 6.


