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Cryogenics Systems Scope
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• LBNF Cryogenics system supports four detectors situated within cryostats each filled with 17 
kton LAr (70 kton total).

• Infrastructure Cryogenics (INF):
- Receive Ar/N2.
- Transport Ar to cavern.
- Provide refrigeration via Nitrogen System with accompanying Nitrogen storage.
- Distribute LN2/GN2/GAr as needed.
- Provide process controls (Integration of all items and development of infrastructure).
- Installation of In-Kind Contributions

• Proximity Cryogenics (PROX):
- Circulate and purify LAr.
- Achieve and maintain LAr purity (< 100 ppt Oxygen equivalent).
- Recondense boil off GAr and purify GAr (boil off and purge).

• Internal Cryogenics (INT):
- Distribute GAr/LAr within the cryostat for purge, cool down, fill.

US DOE

Collaborator’s
Contributions
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Infrastructure Cryogenics – Surface Receiving Facilities

Compressors Building

Surface Receiving Facilities

Piping to 
Ross Shaft

LN2 Storage Tank and 
Vaporizer (1x50 m3)

LAr Storage Tanks and 
Vaporizers (4x50m3)

280 ton of LAr storage
3.5+ days at 75 ton/d

LN2/LAr Tankers Offloading stations

Current Cryogens Storage 
and vaporizers: 2x50 m3

Proposed additional temporary LAr Storage 
and Vaporizers (LAr fill only): 3x50 m3
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Underground Layout

Central Utility Cavern (CUC)

Detector #2

Detector #1
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Proximity Cryogenics in Detector Cavern

55.3 m

12 m

4.8 m
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Proximity Cryogenics in Detector Cavern – Mezzanine 

55.3 m

11 m
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Proximity Cryogenics in Detector Cavern – LAr Pumps (1 set)
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Proximity Cryogenics in the CUC – Layout 
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LN2 Refrigeration System

Detectors #1, 2

Detectors #3, 4
LAr Filtra

tion 1 LAr Filtration 2

GAr Filtra
tion 1, 2
Regeneration 2

Cold Boxes
Boosters 

Compresso
rs

LAr Filtra
tion 3 LAr Filtra

tion 4

GAr Filtra
tion 3, 4

Regeneration 3, 4
Regeneration 1

Items being discussed
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Cryogenics systems to be procured – 1/2
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• Nitrogen System (Refrigeration + LN2 Storage + Distribution):
- To be procured by FRA in 1-2 year time frame (Installation in 2024).
- Solicitation for: Design, Fabrication, Installation, Commissioning.

• Surface Receiving Facilities:
- To be procured by FRA in 1-2 year time frame (Installation in 2024).
- Solicitation for: Design, Fabrication, Installation, Commissioning.

• Interconnecting Piping:
- To be procured by FRA in 1-2 year time frame (Installation in 2024 for Detector #1, 

others to follow 1 year apart).
- Solicitation for: Design, Fabrication, Installation, Commissioning.

• Cryogenics supporting APA Test Facility (vessels, pipes, valves, etc.):
- To be procured in 1-2 year time frame (Installation in 2024).
- Solicitation for: Design, Fabrication, Installation, Commissioning.

• Installation of IKC:
- To be procured in 2022-2023 (Installation starting in 2024).



LBNF

Cryogenics systems to be procured – 2/2
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• LAr/GAr Filtration and regeneration (Vessels, pipes, valves, etc.):
- To be supplied as IKC (Installation in 2024 for Detector #1, others to follow 1 year apart).
- Likely as: Design and Fabrication with Installation and Commissioning by LBNF.

• Cryogenics on Mezzanine (Argon condensers, LN2/LAr Phase Separators, etc.):
- To be supplied as IKC (Installation in 2024 for Detector #1, others to follow 1 year apart).
- Likely as: Design and Fabrication with Installation and Commissioning by LBNF.

• Other items on mezzanine (Pressure control):
- To be To be supplied as IKC (Installation in 2024 for Detector #1, others 1 year apart).

• Main LAr circulation pumps:
- To be supplied as IKC (Installation in 2025 for Detector #1, others to follow 1 year apart).
- Likely as: Design and Fabrication with Installation and Commissioning by LBNF.

• Internal Cryogenics:
- To be supplied as IKC (Installation in 2023-2024 for Detector #1, others to follow 1 year 

apart).
- Likely as: Design and Fabrication with Installation and Commissioning by LBNF.
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Proximity Cryogenics in Detector Cavern
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• Cryo distribution system along the side wall (LAr, GAr, LN2, GN2).
• LAr/GAr distribution on top of cryostat (mainly under mezzanine), 

including GAr purges pipes (no valves, flow meters, instruments, etc.).
• Several Areas on top mezzanine:
- 1 - Cold box cryogenics (first installed) à Light blue.
- 2 - Work spaces (and DUNE racks/power supplies) à Green.
- 3 - Pressure control (PSVs and controlled vents) à Purple.
- 4 - Condensers/Phase separators à Yellow.

• Main LAr circulation pumps.
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Proximity Cryogenics in Detector Cavern – Mezzanine 

55.3 m

11 m
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DRAFT Installation Sequence –
Proximity Cryogenics on Mezzanine (Detector #1)
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• Currently, equipment comes in from East.
• Start from West to East.
• If equipment from West as well, could do half-half: 

- Cold boxes cryogenics and workspace (+ DUNE racks) from West.
- Pressure control and condenser/phase separators from East.

• Central monorail to load equipment on mezzanine platform (East-West). Then 
moved in position (North-South) with additional lifts. 
- Vessels are installed first (large to small) from South to North (North-South for Detector #2).
- Then rest of equipment (pipes, valves, etc.).

• Updating controls cabinet layout. May change.
• Cantilevered portion of mezzanine needs to withstand heaviest piece of equipment 

that is brought in as a single item (current estimate 5 ton): 10 ton?
• Goal is to bring equipment up on mezzanine and slide it in position, w/o staging it in 

the cantilevered portion (mainly to leave aisleway clear). May need to leave it there 
short term (days) if needed.



LBNF

DRAFT Installation Sequence –
Proximity Cryogenics on Mezzanine (Detector #1) – 1/4
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DRAFT Installation Sequence –
Proximity Cryogenics on Mezzanine (Detector #1) – 2/4
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DRAFT Installation Sequence –
Proximity Cryogenics on Mezzanine (Detector #1) – 3/4
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DRAFT Installation Sequence –
Proximity Cryogenics on Mezzanine (Detector #1) – 4/4 
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Sequencing of other Proximity Cryogenics in Detector 
Cavern/Drifts
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• Cryo distribution system along the side wall (LAr, GAr, LN2, GN2):
- Probably easier if done earlier.

• LAr/GAr distribution on top of cryostat:
- Likely after installation of internal cryogenics, since it connects to it.
- Some is under the deck. Probably easier if done early to avoid 

installation/removal of deck.
• Main LAr circulation pumps:
- After closing TCO.
- Better if we could install part of it before and rest after closing TCO:

• Cryo distribution system in Drifts:
- Should be done with distribution along side wall of Detector cavern (same 

contract).
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CUC
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• Distribution headers (LN2/GN2).
• LAr/GAr distribution.
• Purification System #1:
- LAr Purification 1.
- GAr Purification 1-2.
- Regen 1.

• Purification System #2:
- LAr Purification 2.
- Regen 2.

• Nitrogen System:
- LN2 storage Dewars.
- Refrigeration System (Presently cold boxers, expanders, booster 

compressors).
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Proximity Cryogenics in the CUC – Layout 
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LN2 Refrigeration System

Detectors #1, 2

Detectors #3, 4
LAr Filtra

tion 1 LAr Filtration 2

GAr Filtra
tion 1, 2
Regeneration 2

Cold Boxes
Boosters 

Compresso
rs

LAr Filtra
tion 3 LAr Filtra

tion 4

GAr Filtra
tion 3, 4

Regeneration 3, 4
Regeneration 1

Distribution headers and LAr/GAr distribution are missing (likely in ceiling).
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DRAFT Installation Sequence – CUC (Detector #1-2)
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• Currently, equipment comes in from East.
• Start from West to East.
• Sequence could be:

- Piping in ceiling first.
• LN2/GN2 headers à Part of Nitrogen System subcontract.
• LAr/GAr distribution à Same contract as cryo distribution along wall of Detector Cavern and Drifts.

- LN2 dewars (from West to East).
- Regen #1.
- LAr Purification #1.
- GAr Purification #1-2.
- Nitrogen System.
- LAr Purification #2.
- Regen #2.

• If equipment from West as well, could do half-half: 
- LAr/GAr Purification #1 from West (layout may change as needed).
- Nitrogen System from East.
- LAr Purification #2 from West (w different layout) or East (if some layout).
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DRAFT Installation Sequence – CUC (Detector #1-2) – 1/6
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DRAFT Installation Sequence – CUC (Detector #1-2) – 2/6
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DRAFT Installation Sequence – CUC (Detector #1-2) – 3/6
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DRAFT Installation Sequence – CUC (Detector #1-2) – 4/6
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DRAFT Installation Sequence – CUC (Detector #1-2) – 5/6
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DRAFT Installation Sequence – CUC (Detector #1-2) – 6/6
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Installation Schedule (Not optimized, see color coding notes)
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t_0 + xx mo t_0 + 1 year t_0 + 2 year t_0 + 3 year t_0 + 4 year
t_0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60

Fabricate and deliver cryogenic equipment (3‐6 mo prior to t_0)
Install Cryo Equipment ‐ Surface Facilities 5 5 5 5
Install & Commission Refrigeration System ‐ Surface 5 5 5
Install & Commission Refrigeration System + LN2 Dewars ‐ 4850L 8 8 8 8 8 8 8 8 8 8 3 3 7 7 7
Install Internal Cryogenics #1 3 3 3 3 3 3
Install Proximity Cryogenics on Mezzanine #1 5 5 5 5 5 5
Install Main LAr Pumps #1 5 5
Install Purification System #1 5 5 5 5 5 5
Install Interconnecting Piping #1 (Detector Cavern #1 + CUC) 5 5 5 5 5 5 5 5 5
Install Process Controls #1 4 4 4 4 4 4 4 4 4 4 4 4 4 3 3
Install ODH System #1 ‐ Surface 3 3
Install ODH System #1 ‐ 4850L 3 3 3
Install Cryogenics for DUNE APA Test Facility #1 5 5 5 5
DUNE Test Facility Ops (Conveyance of LN2) #1 1 1 1 1 1 1 1 1 1 1 1 1
Start of Cryogenics Commissioning #1 3 3 3 3
GAr Purge, Cool down, LAr Fill #1 5 5 5 5 3 LAr fill continues, maybe reduced effort

Install Internal Cryogenics #2 3 3 3 3 3 3
Install Proximity Cryogenics on Mezzanine #2 5 5 5 5 5 5
Install Main LAr Pumps #2 5 5
Install Purification System #2 5 5 5 5 5 5
Install Interconnecting Piping #2 (only Detector Cavern #2 left) 5 5
Install Process Controls #2 4 4 4 4 4 4 4 4 4 4 4 4 4 3 3
Install ODH System #2 ‐ 4850L 3 3 3
Install Cryogenics for DUNE APA Test Facility #2 5 5 5 5
DUNE Test Facility Ops (Conveyance of LN2) #2 1 1 1 1 1 1 1 1 1 1 1 1
Start of Cryogenics Commissioning #2 3 3 3 3
GAr Purge, Cool down, LAr Fill #2 5 5 5 5 3

DUNE APA Test Facility Ops Support (1 person not full time) 1 1 1 1 1 1 1 1 1 1 1 1
Construction Coordination (per shift) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 0 0 0
Preliminary headcount FRA Cryo Oversight (per shift) 2 3 3 2 2 2 2 2 2 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Preliminary headcount International Partners Oversight 2 2 2 2 2 2 1 1 1 0 1 1 1 1 1 2 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Preliminary Headcount ‐ 4850L 24 30 30 24 27 27 21 22 22 22 23 17 24 24 19 23 20 20 15 16 17 11 16 16 13 13 13 16 11 11 11 11 19 16 16 9 11 14 6 9 9 9 9 11 11 11 11 9 12 15 8 8 8 8 8 10 10 10 10 8

Schedule of this activity seems to fit well with rest.
Schedule of this activity could be improved (postponed?).
Schedule of this activity should be improved (postponed).
Time envelope for activity (whne known)
Duration of actual activity

- DOE funded activity are according to current funding profile. Some should be moved.
- Non-DOE funded activity according to current schedule. Some should be moved.
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Notes:
1) Assumed 1 person/Partner:

‐ Switzerland (CERN Cryo)
‐ Poland
‐ Brazil

2) Included 2‐person rigging/lifting crew per job site:
‐ LAr pumps
‐ Purification System
‐ Mezzanine
‐ Interconnecting Piping
‐ APA Test Facility Cryogenics

3) Duration of Nitrogen System installation from AP, headcount from Jacobs, w/o adding rigging/lifting crew.  Jacobs duration much shorter than AP. Assume that rigging/lifting are already included in headcount because of longer duration.

4) Number of people for installation from Jacobs report for:
‐ Nitrogen System
‐ Proximity Cryogenics
‐ Surface Facilities
‐ Interconnecting Piping

5) Number of quoted hours/110/weeks from P6.
Jacob's assumptions:
‐ 2 shifts/day underground.
‐ 1 shift/day on surface.
‐ 55 hr/shift (10 hr/shift + 1 hr mob/demob).
‐ Rigging/lifting listed separately (2‐people crew and weeks).
‐ Weeks in P6 comes from Jacobs!

6) Commissioning, purge, cool down, LAr fill from P6 (assuming shifts, so they are divided by 2).

7) Number of people for installation of Process controls from BOE (IY).
May need to adjust duration of ODH. IY updating it.
Process controls oversight included in Controls activity because they will likely do SCADA/HMI/Integration as well (for clarity). So it is BOE+1.

8) Number of people for DUNE APA Test Facility from BOE (AD).

9) Assumed 1 Construction Coordinator per area (CUC and Detector Cavern).

10 Assumed 1 FRA Oversight per area (CUC, Detector Cavern, Surface).

11) Activities for Detector #2 are 1 year later than for #1.

12) Assumes no delay between end of Detector #1 and start of #2 (e.g. 2nd Clean Room available).

13) RESOURCE PROFILE IS NOT OPTIMIZED

Installation Schedule Notes
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Assumptions – Surface (DRAFT)
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Item Supplied by Paid by Requirements definition

Storage of equipment at temporary storage SDSD? SDSD? Cryo

Transportation from temporary storage to Ross Shaft building SDSD? SDSD? SDSD + Cryo?

Conveyance from Ross Shaft building to place of use 
(CUC/Detector Cavern/Drifts) including tooling, etc.:
- Equipment, Piping, etc. for Infrastructure and Proximity 

installation.
- APA Test Facility LN2 Dewar(s) during ops (LN2 open loop).
- LN2/LAr Dewars in Value Engineering proposition.

SDSD? SDSD? Cryo + Vendors

Shaft guides for items SDSD? SDSD? SDSD + Cryo?

Definition of rigging points with CG design calculations Vendors Cryo Vendors 

Filling of dewars on surface for conveyance underground Cryo? SDSD? Cryo? SDSD? Cryo Vendor(s)

Mech techs for IKC installations SDSD? Cryo? Cryo Cryo + Partners + Vendors

Welders for IKC installations SDSD? Cryo? Cryo Cryo + Partners + Vendors

Electricians for Process Control installation SDSD? Cryo? Cryo Cryo

Summary of our understanding of handling:
- Cryo delivers at temporary storage.
- Cryo receives in CUC/Detector Cavern.
- SDSD does all the rest.
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Assumptions – 4850L  (DRAFT)
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Item Supplied by Paid by Requirements definition

Conveyance of Dewars to CUC and Detector Cavern SDSD ? SDSD ? Cryo Vendor(s)

Power distribution at 4850L SDSD? SDSD Cryo

Compressed air distribution at 4850L SDSD? SDSD Cryo

Rigging for installation of equipment, etc.
It would be convenient if this was supplied by SDSD.

Vendors? SDSD? Cryo? SDSD? Vendors?

Lifting equipment in CUC/Detector Cavern/Drifts ?? ?? Cryo

Wall stands for pipe supports (Design + Supply) ARUP? CF? Cryo (already provided)

Pipe supports that connect to wall stands Cryo Vendor(s) Cryo Cryo Vendor(s)

Design stands on mezzanine for dewars, etc. TBD TBD Cryo/IKC

Supply stands on mezzanine for dewars, etc. Cryo? IKC? SDSD? Cryo? TBD

Mech techs for IKC installations Cryo? + SDSD? Cryo Cryo + Partners + Vendors

Welders for IKC installations Cryo? + SDSD? Cryo Cryo + Partners + Vendors

Electricians for Process Control installation Cryo? + SDSD? Cryo Cryo

APA Test Facility Ops (DUNE w minimal cryo oversight) DUNE DUNE Cryo

Techs to support cryo Ops (up to LAr fill complete) SDSD? Cryo Cryo

GAr Analyzers (not supplied by Cryo) DUNE ? DUNE ? DUNE ?
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Value Engineering: 
Alternative to GAr/GN2 pipes in Ross Shaft – 1/4
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• Given schedule delay of installing pipes in Shaft and 
difficulty in finding alternative solutions (bore holes, small 
shaft, etc.), evaluating another option:
- Conveyance of LAr/LN2 underground via medium size Dewars (~ 7 

ton LAr, 4 ton LN2).
- Complete refrigeration system to recondense GAr in CUC.
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Value Engineering: 
Alternative to GAr/GN2 pipes in Ross Shaft – 2/4
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• Advantages:
- Removal of pipes connecting above ground to underground. No schedule constraints.
- Enough time to engage industry for a proper study (won’t award subcontract before CD-2 anyways 

because of ongoing work on T&C’s).
- Potentially more players interested because of conveyance of cryogenics underground and timing 

(industry expects slow down in 2-3 years).
- Simplification of receiving facilities on surface.
- No more compressors building.

• Disadvantages:
- Need more electrical power, cooling water and space underground. Need creative solutions to 

reduce cooling/power needed underground (e.g. w/ compander) and space.
- Need to package compressors to fit down shaft and re-assemble underground à more 

underground work à more resources needed.
- More logistics: transfer from surface storage to transport dewars, conveyance of transport dewars 

underground, transfer of transport dewars to CUC.
- Increase LAr losses: transfer from surface storage to transport dewars and from transports dewars 

to underground system (GAr/LAr Purification and Refrigeration System). Need careful planning.



LBNF

Value Engineering:
Alternative to GAr/GN2 pipes in Ross Shaft – 3/4
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Item Available CUC 
(Current configuration)

Potentially available in CUC Potential Total

Space 44.6m x 10.8m x 7.0m 35.0m x 10.8m x7.0m 
(additional, from Purification #3, #4)

79.6m x 10.8m x7.0m 

Cooling 
water

400 kW 2,300 kW (??) From Detectors #3, #4 and 
reduction of cooling water consumption #1, #2??

Electrical 
power

600 kW ??TBD?? From Detectors #3, #4?? And ??

Heat 
rejection

83 kW ??TBD?? From Detectors #3, #4?? And ??

Not clear from Terri’s presentation and ensuing discussion what is actually available.
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Value Engineering:
Alternative to GAr/GN2 pipes in Ross Shaft – 4/4
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• Timing:
- Written SOW for RFI.
- Target this week for release to industry (Aug 19-23).
- In-person visits mid Sep-2019.
- Industry feedback mid-late Oct-2019.
- Should gather all info for informed decision by end of Oct-2019.
- Decision can be made anytime after that.

• Contingent upon availability of industry for in-person meetings 
and doing some work to respond to RFI.
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Thanks
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Backup slides
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Mezzanine loads (Needs updating)
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Needs updating with most recent info. Mezzanine platform drawing up to date in Catia.

https://edms.cern.ch/document/1818308/3

https://edms.cern.ch/document/1818308/3
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Relevant Cryogenics Parameters

41

Parameter Value Note
GAr Purge Flow rate 1,123 m3/hr From 1.2 m/hr

Condensers size 4 x 100 kW = 400 kW 3 LN2 units for cryostats 1 & 2, 4th unit for 3 & 4

LAr filling flow rate 243 / 347 days 1st /2nd Cryostats only (with 3 LN2 refrigeration units)

LAr filling flow rate 286 / 443 days 3rd/4th Cryostats only (with 4 LN2 refrigeration units)

Cryostat static heat leak 28.8 kW Each cryostat

Electronics heat leak 23.7 kW Each cryostat

Total estimated heat leak 66.7 / 77.3 kW Each cryostat with 2/4 LAr pumps in operation

Maximum LAr circulation speed
(assuming 5 days turnover) 1.73 m3/m (40 kg/s) All 4 LAr pumps in operation

Nominal LAr circulation 0.43 m3/m (10 kg/s) Only 1 LAr pump in operation
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