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Unlike other Cryostat elements, the Cold Membrane is vendor engineered

● Vendor provides design and commercial deliverables

○ Requirements and interfaces

○ Structural and thermal analysis

○ Models and drawings

○ Fabrication and installation cost estimates

○ Approved fabrication vendor list

○ Approved installer list

○ QA/QC processes

● ND Cryostat team provides interface information

● GTT is sole source vendor

○ NDA in place with LBNL and key DUNE members

● Preliminary engineering study complete

● Final engineering study subcontract and statement of work are in final stages of review

Charge # 6.d, 7
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Cold membrane is made of polyurethane foam insulation and a 
corrugated stainless steel membrane

Charge # 7
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Preliminary Study Goals

Technical 

● Design description

● Preliminary bill of materials (BOM)

● Thermal analysis

● Warm structure dimensional and structural 

requirements

● Example P&ID for dry N2 purge of insulation volumes

● Density map

Commercial 

● Approved vendor lists for fabrication and installation

● Installation schedule

● Cost estimates for final study, fabrication and 

installation

Charge # 7
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Cold Membrane initial specifications captured in DU-1001-3496 Charge # 1, 7
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Preliminary Study - Input Information to the SOW Charge # 1, 7
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ND Inputs and Interfaces for GTT refined at the start of the preliminary study

● GTT requested inputs

○ Cryogen properties

○ Internal dimensions

○ Liquid fill height

○ Gas pressure

○ Allowable heat leak

● ICD DU-1004-9188 (EDMS 3161474 v1)

Charge # 1, 7

https://edms.cern.ch/document/3161474/1
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Preliminary Engineering Study Outcome

• Established working relationship with GTT, sole source for validated LAr cryostat cold membrane 
technology

• Received cost estimates for all remaining cold membrane M&S (cold membrane represents 
roughly half of total cryostat M&S)
- Final engineering study
- Materials
- Installation

• Received detailed contractor installation labor hour and calendar time estimates
• Defined requirements which enable preliminary design of warm structure, muon window, and lid

- Defined warm structure fabrication tolerance requirements
- Defined warm structure deflection and stress requirements
- Defined lid membrane corrugation spacing and installation clearance

• Defined interfaces
- Density map of cold membrane informs physics studies and refines muon window density requirements
- Cold membrane heat leak calculation informs cryogenic design
- Lid to cold membrane interfaces enable preliminary design of cryostat lid sections
- Protego valve position informs cryogenic piping design

Charge # 1, 7
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Preliminary Study Output Materials

Preliminary Engineering Study Scope (SOW link)

LBNL input requested

4.1 Design Basis and Thermal Analysis

4.2 Steel Outer Tank Requirements

4.4 GST Supplier List

4.5 Companies for GST Erection and Control

4.7 Containment System Preliminary Material Take-Off

4.3 Technical Proposal for LBNL LAr Cryostat - Detailed engineering

4.6 Man Hours and General Construction Schedule

4.8 Design principle:
Description of main materials and components
View of typical areas (corner, trihedron, flat wall, etc)
Requirements/specifications verification matrix
Membrane area density at muon window location (typical 1 m^2 grid)

4.9 Commercial proposal for final design

4.10 Procurement and construction cost estimation (+35 / -15%)

Charge # 1, 7

https://drive.google.com/file/d/1HLzWdpej-R6dvoMWga3R3DB1HzS0hjXm/view?usp=sharing


2024-09 Tennessen, Matichard | ND-LAr Cryostat Cold Membrane10

Preliminary Study Output Materials

The output of the preliminary engineering study was summarized in a document called “Key Information 
- ND Cryostat Cold Membrane”.  Additional level of details on technical information is confidential per 
NDA with GTT. 

Charge # 1, 7



2024-09 Tennessen, Matichard | ND-LAr Cryostat Cold Membrane11

Final Study
Status

● Planned for November 2024 – July 2025

Technical Deliverables

● Detailed 3D model

● Detailed 2D drawings

● Final bill of materials (BOM)

● Thermal analysis

● Warm structure dimensional and structural requirements

● Final P&ID for dry N2 purge of insulation volumes

● Density map

● Installation and test procedures

Commercial Deliverables

● Approved vendor lists for fabrication and installation

● Installation schedule

● Cost estimates for final study, fabrication and installation

Charge # 7
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Heat Leak Summary
Charge # 7

459 W

400 W400 W
3.1 to 8.0 kW

TPC dissipation

16
40

 W

● Cold membrane ICD limits area specific heat 

leak to 10 W/m2

● Lid heat leak is higher due to conduction 

through feedthroughs and membrane walls, 

estimated at 36 W/m2

● TPC array dissipation is majority of heat load 

at 3.1 to 8.0 kW (see EDMS 458088 v1)

2x 254 W

(in and out of page)

Description Q

Cold Membrane Heat Leak (W) 1767
Lid Heat Leak (W) 1640
TPC Array Dissipation (W, min) 3100
TPC Array Dissipation (W, max) 8000
Total (kW, min to max) 6.5 to 11.4

https://edms.cern.ch/document/2458088/1
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RI-ID Title Probability Schedule Impact

RT-131-ND-257 ND Cryo: Cold membrane design fails downstream density requirement due to tech limitation 30% 6 -- 9 -- 12 months

RT-131-ND-295 ND Cryostat: Tight TPC alignment clearances drive tight Cryostat tolerances 50% 0 months

RT-131-ND-308 ND Cryostat: Revert Cryostat Muon Window to Composite Design 20% 12 months

RT-131-ND-294 ND Cryostat: Cryostat Cold Membrane Single Vendor 35% 3 -- 6 -- 9 months

RT-131-ND-330 ND-LAr: TPC modules damaged during installation into Cryostat 15% 3 months

RT-131-ND-327 ND Cryostat: Cryostat deflection during pressure test differs from analysis results 25% 1 -- 3 -- 6 months

RT-131-ND-328 ND Cryostat: Cryostat fails pressure test due to leak rate 5% 3 -- 6 months

Cold membrane risks have significant impacts but are being actively 
mitigated

● Cold membrane is expected to meet physics requirements based on GTT’s preliminary study results

○ GTT’s final study and physics study of ND-LAr / muon window / TMS joint acceptance will provide 

final answer

● Cold membrane single vendor risk now reflects extended subcontract negotiation time rather than failure 

to establish commercial relationship

● FNAL risk registry

Charge # 3, 4

https://fermipoint.fnal.gov/org/pmt/risk/Lists/Risk%20Register/LBNF-DUNE-Open-risks-by-WBS.aspx?useFiltersInViewXml=1&FilterField1=L2%5Fx0020%5FProject&FilterValue1=131%2END%2E03%20%2D%20Cryostat&FilterType1=Choice&sortField=P%5Fx0020%5F%5Fx002a%5F%5Fx0020%5FImpact%5Fx00&isAscending=false
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Final engineering study with GTT follows directly after this PDR

● Prepare updated interface documents as inputs to GTT final study

● GTT to execute final study

● Use study deliverables to inform Cryostat final design

Charge # 7


