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Requirements (From DUNE Far Detector)

Cryo-se-4: The system shall allow recirculation and purification of the liquid argon inventory to achieve the
needed LAr purity to meet the scientific requirements (Less than 10 days/volume change based on ICARUS
experience).

Cryo-se-6: The purification system shall be capable of removing contaminants from the LAr prior to filling and
shall maintain purity during operation.

LArFD-L2-se-44: Electron Lifetime > 3 ms.
Cryo-se-5: The system shall provide an argon gas boil off recovery and reliquefaction system.

Cryo-se-16: There shall be no sources of argon gas reliquefaction inside the cryostat, e.g. un-insulated
pipes carrying liquid argon.

Cryo-se-25: The cryostat and cryogenic systems shall be designed for using the piston-purge technique
(introducing heavy gas at the bottom and taking out exhaust from the top) for removing initial electronegative
impurities.

Cryo-se-8: The cryogenics system shall be designed so as not to introduce unwanted noise into the
electronics.

Cryo-se-10: The detector cryostat shall provide a stable liquid argon environment for the detector.

Cryo-se-28: The cryostat and cryogenic systems shall be designed to maintain a single phase in the entire
liquid argon volume at a stable temperature. The chosen temperature is 88.3 K +/- 1 K.

Full list available on DocDB n. 112.

3

03.03.16 David Montanari | ProtoDUNE Single Phase (NP-04) P&ID ‘@ # Fermilab DU(\E


http://docs.dunescience.org:8080/cgi-bin/ShowDocument?docid=112

Modes of operation

1) Piston Purge

GAr is slowly flown from the bottom of the tank to push the impurities out from the top.

2) Cool down

A mix of GAr and LAr is flown into sprayers to generate a mist of small liquid droplets that are
moved around by another set of sprayers flowing GAr only.

3) Filling

Once the cryostat and TPC are cold, LAr is introduced in the cryostat.

4)  Normal operations

- LAr is continuously purified by means of an external LAr pump (2 are installed for redundancy,
but only one is in use).

- Boil-off GAr is recondensed outside of the cryostat and purified before being reintroduced as
LAr.

5) Emptying

At the end of the operations (or iffwhen maintenance on the tank is needed), the tank is
emptied and the LAr removed.
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Engineering parameters (from Detector Requirements)

m Parameter Value Notes

GAr purge flow rate 88 m3/hr From 1.2 m/hr

2 Madmmodon e 100 Lo e s nd e

2 Maximum Delta T between any two 50 K T sensors to be defined and placed
points in the detector by Internal Cryogenics/Detector

3 LAr filling flow rate (*) 18 I/min Assuming 2 trucks/day (**)

4 Cryostat static heat leak 3.0 kW GAr boil-off (18 g/s)

4 Other heat loads (estimate) 5.0 kW Total estimate is ~ 8 kW

4 LAr circulation (5 days turnover) 72 |/min (19 gpm) Nominal value (1 pump)

5 Max emptying (w both LAr pumps) 144 |/min (38 gpm) Limited by size of tank/truck

* Value might be limited by the pressure inside the LAr storage dewar.
** We need to contact the supplier to confirm availability of 2 trucks/day of LAr.

Note: Noise, micro phonics and vibrations inside the LAr volume will be studied with an external
pump configuration.
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Cryogenic systems

p )
 Internal Cryogenics: Not part of

- Inside the cryostat. this tender.
- GAIr/LAr distribution for cryostat purge, cool down, fill. )

ﬁroximity Cryogenics: \
- Circulate and purify LAr.
- Achieve and maintain LAr purity.

- Recondense and purify boil off GAr. This tender covers
Proximity and External

_ Cryogenics only.
 Infrastructure/External Cryogenics:

- Receive Ar/N2.
- Transport GAr/LAr, GN2/LN2 to Proximity.

k Vents. /
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Process Flow Diagram
EDMS: 1566415
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https://edms.cern.ch/document/1566415/1

Cryogen supply (Sheet 3/3)

EDMS

: 1566415

OUTSIDE BUILDING
e e, JLALDewar
L Ar DEWAR LN2 Dewar
I OUTSIDE BUILDING
PROVIDED BY L N2 TANK VENDOR
I L N2 DEWAR I
i I To GN2 Vent
i L P
I W
(i =2 [ !
I i [
1 i o LN2 Delivery
| s e —
I
LAr Delivery - I
2 ;
)
[ons anaLvzeR]- <t I
3
{IT > ' ] ?
%
[ - &
C W
= Lg
| GAr Delivery O
(]73
® ®
T T N\s
Regen m?% Deli%ry %
'
!'i: ONG)
ii o
..... X:
&l e
uuuuuu < '
——r— ‘
e |
-

8 03.03.16 David Montanari | ProtoDUNE Single Phase (NP-04) P&ID

[B] 2:Fermilab DunE


https://edms.cern.ch/document/1566415/1

LAr/GAr Filtration (Sheet 2/3)

EDMS: 1566415
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Cryostat (Sheet 1/3)

EDMS: 1566415
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la) Purge in Open Loop

EDMS: 1566415
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EDMS: 1566415

1b) Purge in Closed Loop
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2) Cool down

EDMS: 1566415
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3) Filling
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4) Normal Operations
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5) Emptying

EDMS: 1566415
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Summary

* We have identified the type, size and location of the penetrations
(through the cryostat top and sides) for the cryogenic services and
instrumentation.

» We are developing the P&IDs for Single Phase and Dual Phase. We
would like them to be as identical as possible to minimize the cost (and
duration) of the design (by vendor).

» We have identified the spaces required inside the cryostat and in EHN1
for the installation of the cryogenic systems.

» We are starting the 3D space allocation and integration in EHNL1.

« The documentation (including bids, etc.) needs to be submitted to CERN
Finance Committee by Jun 24, 2016. The schedule for tendering will be
presented in the next talk, it is very aggressive and we need to proceed
quickly.
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Thanks
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List of availlable documents

e P&ID and PFD:

EDMS 1566415.

» 3D model and drawings:

EDMS 1566416.

* LA filtration information:

EDMS 1566420.

+ Cryo-Piping design:

EDMS 1566421.

* GAr purge CFD Simulations:
DUNE DocDB n. 903.

* LAr cool down CFD Simulations:
DUNE DocDB n. 866.

* This presentation:

https://indico.cern.ch/event/504712/.
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Cryostat with pump towers
EDMS: 1566416

2 pumps for
redundancy.
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