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A Simplified Dusel Cryogenic System
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Dusel Detector Geometry for a 5k and 20K 3x2Layout

Parameters 5k Ton 20K Ton
Lar Density grams/CC 1.4 1.4
Drift Distance (Meters) 4 4
Wire Length (Y) - Meters 8 8
# mod in X 2 3
#ModinY 1 2
Active Length needed: 55.80 74.40
Active TPC Size 5000 20000
TPC Size
X 16 24
Y 8 16
z 30.00 40.00
Volume, Meters® 3840.00 15360
Mass, KiloTons 5.50 21.90
PM Space
X 2.00 2.00
Cryostat Size
X 20.00 29.00
y 11 20.5
z 33.00 43.00
Volume, Meters® 7260.00 25.6
Mass, KiloTons 10.37 36.50
Fiducial Vol/Liquid Vol, % 53.00 60.00

Insulatin Space

X/side 1 1
Y/side 1 1
Z/side 1.00 1.00

Crane Height
Y 3.00 3.00

Wall Interface

X 0.50 0.50
Y/floor 1.00 1.00
Z/Cavern Side 0.50 0.50
Z/Support Wall 3.00 3.00
Z/Assembly Space 5.00 5.00

Total Cavern Dimentions

X 23 32
Y 17 26.5
z 43 53

Cryostat - Heat Leak (W)

Near and Far Walls 2600 6525
Side Walls 4290 9675
Floor & Roof 6600 12470
Vessel Surface Heat Leak 13490 28670
FT 1349 2867

# Electronic Channels

#y Channels 27901.8 111607
#U Channels 13951 55804
#U - total 13951 55804
#v - total 13951 223214
Total Channles 55804 390625
Electronics Heat Load 2232 8929

Total heat Load (kW) 17.10 40.47






The first detector to be designed, constructed and installed will be a 5 kiloton fiducial volume vessel to
demonstrate operational functionality. Following its favorable performance, chances are that additional
detectors will be added on in serial fashion to a total of 100 kilotons of fiducial volume.

Before going on, a few important “Truisms” should be mentioned.

Personnel safety is the most important activity at DUSEL.

The project will be easier and less expensive to construct and operate the closer the detectors are to the
surface.

All systems should be designed to be operated remotely from the surface.

As much equipment as possible should be located on the surface.

In case of an argon leak, each detector should be isolatable, clean air purged and vented to the surface.

1. Detector Volumes — From David Lissauer’s detector draft layout documents, amended.

A 5 kiloton, first pass design detector is proposed. The unit cell is 8x8x15meters
= 960m3, x 4 unit cells = 3840m X 1.4 = 5.5 k tons sensitive volume.
Total Volume 1st detector = 7128m3, 10.18 k tons LAr.

20K Ton Sensitive Volume - Layout A 3X2. Uses an 8X8x20 meter detector unit cell of 1280m3.
Multiplying 12 unit cells per detector assy. equals a total sensitive volume = 15360m3
All'5 20 k ton detectors = 76,800m3, = 107.5 kilotons of sensitive LAr volume.

Total LAr volume per detector assembly = 22919m3, X 5 detectors = 114,595 m3. = 163 kilotons

Gross LAr sensitive volumes for all detectors = 76,800m3 + 3840m3 = 80640m3 X 1.4 = 115 kilotons.

Gross LAr total volume of all detectors = 114595 m3 + 7128 m3 = 121732 cubic meters, = 174 kilotons
Approximate $ value of total LAr is 174 x 10° dollars.

The following three pages — A spread sheet of detector sizes & details, ending with heat leak totals
Next two pages show plan and side views of the 5 and 20 K ton detectors.
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Before going on, the total heat leak of all the fiducial 105 kilo ton of detectors amounts to about 250 kWatts. This is by far
the largest combined heat load in the system and is equivalent to 107 tons of reliquified N2 per day.

2. Going upwards, Cavern @ 4850 Foot level to surface Interconnecting Cryogenic Piping Parameters.

Surface to cavern interconnecting piping will be necessary regardless of the final design decisions as to where major
pieces of equipment will be located. In all cases, special insulated cryogenic transfer lines and other piping will be
necessary to cool and fill the detectors, permit emptying and warm up of one vessel while the remainder continue to
operate and afford the ability to manage any crisis situation with speed and complete safety.
4850+ foot liquid argon transfer lines will be needed to fill and empty the detectors while liquid nitrogen refrigerant is
supplied from or provides emergency cooling if the local refrigeration supply fails. In either case there will have to be
LN2 storage vessel backup of considerable size (discussed later) at the surface to assure continuous detector
cooling and no loss of argon.

However, 4850 foot transfer lines from the surface pose a liquid head pressure management problem. 4850 foot of LN2
head hydrostatic pressure is almost 1700 psi while LAr, with a density of 1.4 g/cc, is 2950 psi. So clearly a number
of head pressure reducing stations along the length of transfer lines are required to keep the pressure within
manageable range. The two cold gas return lines also have an increased head pressure, although while no where
near as high as the input side, still can cause problems with the low pressure side of the system.

All these difficulties are present on a continuing basis but there are extraordinary problems that must be faced and
managed. The largest of which could be a good sized LAr leak in one of the detector’s spewing argon out into
the surrounding area. Hence, the need for an isolateable detector cavern and fresh air purge to control the spread of
the gas. Monetarily, the 20 kton fiducial detector holds 33 ktons of LAr valued at ~ 33 x 10° dollars, so a built in
system of a series of cryogenic pumps transfers the LAr to the surface storage Dewar. Speed in emptying the
vessel only depends on pumping capacity but a few weeks time is reasonable.

An estimate of the heat load of the transfer line system, including piping, valves, vessels and pumps is 25kW.

Following this page is a drawing of “A Simplified DUSEL Cryogenic System” showing the transfer lines, pumps, vessels
and valving





4. Where to Put the LN2 Refrigerators, LN2 and LAr Dewars, How Many?

Assume 225 kiloWatts LN2 needed includes all heat leaks (wiring/Foam) in the cavern.
A. Refrigerators, compressors and liquid storage on surface. Two 5,000 ft long vacuum insulated transfer lines feeding
liquid and returning cold gas to the surface. Immediate big problem in that standard transfer line is only rated for 150 psi.
The liquid hydrostatic pressure could easily be more in the LN2 supply line sized ~ 2" dia. Would need 8 pressure
reducing stations on the way to
the detectors to stay in the line limit. LAr is more dense so it would need more pressure reduction stations during filling.
Maybe 10 or 12 since LN2 = .8 g/cc and LAr = 1.4 g/cc. 2" xfer line heat load ~ 1.5 kW.
Cold N2 gas returning to the refrigerator - is important to keep the gas cold for efficient refrigerator operation. Maybe need
a cold return gas pump to reduce the return pressure at the detector for cooling to a lower temperature. Return Xfer line
would be 6 or 8" dia
Heat leak = ~ 3kW. That's a total of 4.5kW to keep the refrigerator top side. Maybe worth it in that 4.5kW is small
compared to 225 kW.
The LAr xfer line types of supply and a return depend on what we want to do with the LAr. How about top side Dewars for
a max storage
capability of 2 ea, 20 Kton detectors. That would mean storing 33 Kiloton LAr X 2, 33 Kiloton of LAr is worth $ 19.3 x EB6.
CBI has a Hyundai contract to build a 50 kiloton storage Dewar for ammonia. | put Muller on the job to find out what a 50
kton Dewar costs.

More

tomorrow.
Jack











Cryogenic surface equipment includes a 30 kton LAr storage Dewar, LN2 storage volume of 150,000 gallons, refrigerator
systems for reliquefaction and the cryogenic control and monitoring system.

30 kton LAr storage Dewar. — This vessel is the receiver of all over the road LAr deliveries. Boil off is recondensed by an
internal LN2 heat exchanger. This storage vessel is the source of LAr used to fill all the detector vessels through the
vertical transfer line system.

In case of a detector problem of such magnitude that its LAr must be removed, LAr can be pumped to the surface
storage Dewar. The design will be such that a problem of such a magnitude will never take place but if it does
the assumption would be that only one detector will have to be emptied at any one time.

150,000 Gallon LN2 Storage — LN2 storage of 150,000 gallons is enough stored refrigeration to keep the detectors
operating for a period of three days if all refrigeration is lost. Three days was chosen because it was thought that
either LN2 truck deliveries could be arranged in that time and or any problem with the refrigeration system could be
repaired. 80,0000 gallon horizontal storage Dewars are catalog items.

Refrigerator Systems — Quite a few companies make liquid air separation refrigeration systems near the proper size for our
needs. However, these are designed for liquefaction and must be slightly modified for refrigeration service. The total
calculated heat load for the entire system operating under normal conditions is 355 kW of LN2 cooling or 150
tons/day. In order to have ample supply for abnormal operating conditions and have a spare in case on failure, three
100 ton/day refrigerators would be a minimum. Most all the air plant style systems are turn key, that is they come
with a control system and are ready to rum at completion of installation and testing.

The 5 Kton Detector — How much of the total system is needed for the Skton program.

Would need - 5 kton detector vessel Heat load = 20 kW
The transfer line system 25 kW
80,000 Gal LN2 vessel 5 kW

Total is 50kW which is 20 tons LN2 per day, 7200 gallons per day. Would use stored liquid if refrigerator went down,
having enough spares on hand to repair in 2 days. A single 75kW refrigerator is ample for the S5kton system. All of
the 5 Kton equipment would continue to be used as additional detectors are added

End for Now -- JHS





