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1 Introduction
1.1 Description of Project

The LBNE (Long Baseline Neutrino Experiment) is a Department of Energy (DoE) funded project. The project is considering two technologies for a multi-kiloton (kT) detector vessel to be built at the proposed DUSEL (Deep Underground Science and Engineering Laboratory) facility at the Homestake Mine in Lead, South Dakota. The technology choices are a Water Cherenkov detector or a Liquid Argon detector.
FermiLab is proposing to develop an underground liquid argon particle physics detector vessel (cryostat) at DUSEL. Arup have been contracted to develop conceptual designs for a 20-kT cryostat and the associated cryogenic system. The cryostat is to be located within an existing cavern at one of two possible depths: a 300 foot “Shallow” site or a 4850 “Deep” site. At each depth, both modular and membrane type cryostat vessels shall be considered.
The purpose of this document is to define key input design parameters which will be used throughout the conceptual design process.

1.2 Units

SI units shall be used throughout the design process.  Where imperial standard sizes are in common use (i.e. nominal pipe sizes) these may be referenced as secondary dimensions.
1.3 Glossary

The following terms and abbreviations will be used throughout:

	Cryostat
	Detector vessel used for long term storage of a cryogen

	Dewar
	Insulated container for temporary storage of cryogen

	DUSEL
	Deep Underground Science and Engineering Laboratory

	FermiLab
	(or FNAL) Fermi National Accelerator Laboratory 

	LAr
	Liquid Argon

	LN2
	Liquid Nitrogen

	ODH
	Oxygen Deficiency Hazard

	TPC
	Time Projection Chamber (contained within Cryostat)

	gpm
	US gallons per minute


2 Functional Requirements

2.1 Cryostat

The primary functional requirements of the cryostat are as follows:

· LAr storage volume of 26,400m3 for a nominal 20-kt cryostat.
· Provide support for an internal TPC with FermiLab specified dimensions.
· Maintain stable LAr conditions in conjunction with the cryogenic system.

· Prevent any local vaporization of the LAr from disrupting the active TPC volume by diverting flow around the TPC.
2.2 Cryogenic System

The cryogenic system has been divided into three areas:

(1) The cryogenic plant, covering the delivery of liquid argon to and from the detector vessel as well as removal of heat, shall target the following requirements:

· Designed as a closed system to minimize LAr loss.

· Provide full size interim storage of LAr (plus permanent storage to maintain vessel temperature), for both delivery, commissioning and operational requirements (Note: During design development it was agreed with FNAL that the full size interim storage dewar for receipt of LAr is now considered optional).

· Transfer LAr from the point of delivery to the cryostat.

· Provide 90 day cool down and filling and 30 day emptying of the cryostat.

· Enable circulation and purification of the cryostat gross volume at a rate of 600 gpm (~ 136.3 m3/hr) during the initial fill and at 150 gpm (~ 34.1 m3/hr) during normal operation (Note: During design development, this was revised from a volume exchange once every 2 days [1][8]).
· Provide a LAr boil off gas handling system including reliquefaction (estimated at 50 kW) (Note: During design development, this was increased from the original requirement of 40 kW).
· Confine boiling and bubbling of the LAr to the free surface of the cryostat to avoid disruption of the LAr.

· Eliminate large convective flows without mechanical mixing.

· Provide safe shut down and hold conditions

(2) The purification system, which is foreseen to operate continuously during operations to maintain the level of impurities below nominal levels, shall target the following requirements:
· Clean and eliminate contaminants from the cryostat prior to filling (by either vacuum pumping or hot dry argon gas purge)

· Maintain purity of LAr during filling

· Maintain purity of LAr during operation

(3) The control and monitoring system shall operate to achieve (1) and (2).
3 Regulations, Codes and Standards
3.1 Precedence
The order of precedence for Regulations, Codes and Standards shall be as follows:

· Statutory Regulations

· Project Specifications

· Codes and Standards

· Published Design Guidelines and Recommended Practices
Where there is a conflict between codes, standards and regulations of the same order of precedence, then the most stringent requirement will apply. The facility design of facility is governed by compliance with OSHA and NFPA requirements. 
3.2 Statutory Regulations

The primary Authority Having Jurisdiction (AHJ) for this facility, including surface and below grade buildings and structures, is the City of Lead, South Dakota. Discussions for the DUSEL site are in progress.
The fire and life safety codes that are currently enforced by the state of South Dakota are as follows:

	International Code Council (ICC)

	International Building Code

	International Fire Code

	International Energy Conservation Code

	International Fuel Gas Code

	International Mechanical Code

	International Performance Code

	International Property Maintenance Code

	International Urban Wildland Interface Co


3.3 Project Specifications

Where available, the following project specifications shall be used:
	DUSEL/EHS
	Planning and Review of accelerator facilities and their operations

	DUSEL/EHS
	Significant and Reportable Occurrences

	DUSEL/EHS
	Pressure vessels

	DUSEL/EHS
	Pressure piping systems

	DUSEL/EHS
	Cryogenic system review

	DUSEL/EHS
	Liquid Nitrogen dewar installation rules

	DUSEL/EHS
	Guidelines for design, fabrication, testing, installation, and operation of LH2 targets

	DUSEL/EHS
	Transporting gases in building elevators

	DUSEL/EHS
	Vacuum vessel safety

	DUSEL/EHS
	Mechanical refrigeration systems

	DUSEL/EHS
	Oxygen deficiency hazards


3.4 Codes and Standards

The following standards shall be used:
	American Concrete Institute (ACI)

	ACI 318/318R
	Building Code Requirements for Structural Concrete

	ACI 318M
	Building Code Requirements for Reinforced Concrete

	ACI 350
	Code Requirements for Environmental Engineering Concrete Structures

	ACI 350.2R
	Concrete Structures for Containment of Hazardous Materials

	ACI 350.3
	Seismic Design of Liquid-containing Concrete Structures

	American Gas Association (AGA)

	AGA
	Operating Section Report, Purging Principles and Practice, Section 4.35

	American Institute of Steel Construction (AISC)

	AISC
	Manual of Steel Construction, Allowable Stress Design

	AISC S326
	Design, Fabrication, and Erection of Structural Steel for Buildings

	American Petroleum Institute (API)

	API 620
	Design and Construction of Large, Welded, Low Pressure Storage Tanks

	API 2000 (5th Ed)
	Venting Atmospheric and Low Pressure Storage Tanks

	American Society of Civil Engineers (ASCE)

	ASCE-7
	Minimum Design Loads for Buildings and other Structures

	American Society of Mechanical Engineers (ASME)

	ASME B16.5
	Pipe Flanges and Flange Fittings

	ASME B31.3
	Process Piping

	ASME B31.5
	Refrigeration Piping and Heat Transfer Components

	ASME VIII
	Rules for the Construction of Pressure Vessels

	American Society for Testing and Materials (ASTM)

	ASTM A312
	Standard Specification for Seamless, Welded, and Heavily Cold Worked Austenitic Stainless Steel Pipes

	American Welding Society (AWS)

	AWS D1.1
	Structural Welding Code, Steel

	British Standards (BS)

	BS 5429
	Code of practice for safe operation of small-scale storage facilities for cryogenic liquids

	BS 6398
	Bitumen Damp Proof Courses for Masonry

	BS 8110
	Design of concrete structures

	BS EN 14620
	Design and manufacture of site built, vertical, cylindrical, flat-bottomed steel tanks for the storage of refrigerated, liquefied gases with operating temperatures between 0 and -165 °C

	Federation Internationale de la Precontrainte (FIP)

	FIP-Report
	Assessment of Mechanical Properties of Structural Materials for Cryogenic Applications

	International Conference of Building Officials

	UBC-97
	Uniform Building Code 1997

	Mine Safety and Health Administration (MSHA)

	MSHA-30 CFR
	Part 57, Safety and health standards--underground metal and nonmetal mines

	National Fire Protection Association (NFPA)

	NFPA 45
	Standard on Fire Protection for Laboratories Using Chemicals

	NFPA 55
	Standard for the Storage, Use, and Handling of Compressed Gases and Cryogenic Fluids in Portable and Stationary Containers, Cylinders, and Tanks

	NFPA 54
	National Fuel Gas Code

	NFPA 58
	Liquefied Petroleum Gas Code

	NFPA 70
	National Electrical Code

	NFPA 90A
	Standard for the Installation of Air-Conditioning and Ventilating Systems

	NFPA 520
	Standard for Emergency and Standby Power Systems

	NFPA 520
	Standard on Subterranean Spaces

	Occupational Safety and Health Administration (OSHA)

	Part 1910
	Occupational Safety and Health (General Industry)

	Part 1926
	Safety and Heath Regulations for Construction


3.5 Design Guidelines and Recommended Practices
The following published design guidelines shall be used:

	FermiLab 
	ES&H Manual #5064, Oxygen Deficiency Hazards (ODH), 5/2009


3.6 Additional References

FermiLab have issued Arup with the following reference documents:
[1] Requirements Document for a Detector Vessel for a 20-kt LArTPC for the LBNE Program at Dusel, 3-Sept-09, v 2.01, DUSEL R&D Document #289, LArTPC Cryostat/Cryogenics Working Group

[2] Requirements Document for the Cryogenic System for a 20-kt LArTPC for the LBNE Program at Dusel, 4-Sept-09, LArTPC Cryostat/Cryogenics Working Group
[3] LAr20 Reference Design 1a Modified MicroBooNE TPC Modules in a Membrane Cryostat at Shallow Depth January 6, 2010
[4] DUSEL Note #56, Version 2.0, Infrastructure Interfaces and Responsibilities for Facilities and Experimental Development, Steve Marks, LBNL, 25 Aug 2009
[5] Conceptual Design Basis for the LBNE Argon Purification System, R. L. Schmitt, FNAL, Jan 2010

[6] Dusel Cryogenic System Equipment Requirements and Possible System Design Variations, Jack Sondericker

[7] A LAr TPC Detector Simplified Cryogenic System for a 5k ton Technical Demonstrator Program leading to a Combined 100kiloton Fiducial Volume DUSEL facility at the Homestake Mine. J Sondericker 31 Mar 2009

[8] Response to “Information required from Fermilab” from Arup document 211674-WR1-PJ-005 Rev A, Bruce Baller, Feb 3, 2010
[9] Reference Design 3a, Bruce Baller, Mar 22, 2010

3.7 Alternative Codes, Recommended Practices, and Industry Standards

The use of alternative Codes, Recommended Practices, and Industry Standards may be proposed to supplement those presented. The use of alternative Codes, Recommended Practices, and Industry Standards shall be subject to FermiLab approval.

4 Input Data

4.1 Site Elevation
The following parameters shall be used:
	Ground Level (Lead)
	~ 6070 feet (~ 1850 m) above Sea Level

	Shallow Case
	Cavern at 300 feet (92 m) below Ground Level

	Deep Case
	Cavern at 4850 feet (1480 m) below Ground Level


4.2 Site Access
For a detector vessel at the 300 feet level, drive-in vehicular access is available. The cavern is accessible by a horizontal/inclined drift of 8m x 8m cross section (ref: FNAL). Any load transported by truck (low level loader) through this drift shall fit within a 7m x 7m cross section envelope. Maximum load length is limited to 16m. The access grade to the cavern is ~ 6%. The maximum access length is ~500’.
For a detector vessel at the 4850 feet level, materials shall be transported from the surface via cages in the existing Ross or Yates elevator shafts. Access details for the existing arrangement are shown below [4]:

	Access
	Height (m)
	Length (m)
	Width (m)
	Max Payload (Kg)

	Ross cage
	2.2
	3.8
	1.3
	6,100

	Yates cage
	2.2
	3.7
	1.4
	5,900


Shaft access will be upgraded as part of the DUSEL project (by others). Updated details are shown below [4]:
	Access
	Height (m)
	Length (m)
	Width (m)
	Max Payload (Kg)

	Ross cage
	2.2
	3.8
	1.3
	6,100

	Yates Super-cage
	4.9
	4.1
	3.2
	20,000


Shaft access design is ongoing. Although FNAL have advised that the Yates Super-cage maximum payload may eventually be reduced to 10,000 Kg, the values listed above are adopted for design purposes.

Larger, pre-fabricated elements may be under-slung from the elevator cage, as required. The maximum dimension of under-slung elements is governed by the plan cage dimensions. Further details are provided in references [1], [4].
4.3 Cavern

The economic choice of cavern cross section is dependent on the rock quality at each site. For design purposes, a nominal maximum 20m wide x 25m high envelope (with a shallow vaulted ceiling over) is assumed to contain both the cryostat and working space [1], [3]. The maximum length is limited to 100m. These dimensions may be marginally varied (as necessary) to suit the scheme requirements.
Cavern design is by others (Jacobs Assoc.).

4.4 Geotechnical Data

No site specific geotechnical data is available. Hard rock properties and regional seismic information have been assumed for the design.

4.5 Ground Water

No site specific information on the anticipated short and long term flows is available.

It has been advised that ground water control (including a continuous drainage path and remote sump) has been integrated into the cavern design by Jacobs Assoc. It is therefore assumed that:
· any cavity drains (designed by Jacobs Assoc.) fed by weep holes through the shot-crete lining will exhibit sufficient compressive strength and stiffness to resist the hydrostatic head resulting from construction of the membrane tank walls and from the contained liquid argon during normal operation.

· aditional cavity drains between the shot-crete and the membrane cryostat walls are not required.
4.6 Ambient Temperature

4.6.1 Cavern

The selected operating design temperature for the cavern space at both the 300’ and 4850’ deep sites will impact the:

· HVAC specification

· working environment around cryostat

· thermal performance (heat gain) of cryostat

· behavior of the rock around cryostat
· heat rejection from the refrigeration plant or other mechanical equipment (if applicable)
A standard 21.2°C (Dry bulb) cavern temperature has been selected in consultation with FermiLab. This approach is consistent with the HVAC specification for the DUSEL project at Homestake. 
4.6.2 Rock face
If the embedded heating system is omitted and the rock around the cryostat is permitted to freeze, special consideration shall be given to its behavior i.e. the existence of freezing ground water in the rock may cause thermal heave and hence compromise the cryostat integrity. 
Omission/failure of the heating system shall not be considered as part of the current work scope.

4.7 Ambient Pressure

4.7.1 Surface

Atmospheric.
4.7.2 Cavern

Under normal operating conditions the cavern pressure will be slightly above atmospheric, calculated in accordance with the cavern depth.

The maximum cavern pressure during any credible abnormal condition shall be assessed at a later design stage.

4.8 Physical properties of Argon

The following properties shall be used:
	Temperature of liquid within cryostat
	87.28K (-185.87°C / 302.56°F) at atmospheric pressure

	Temperature variability
	+/- 1°C (Refer Section 5.6)

	Temperature uniformity
	+/- 1°C (Refer Section 5.6) 

	Operating pressure of cryostat 
	200 mbarg (3psig) 

	Purity Levels
	0.03-0.06ppb

	Estimated Value of LAr
	$1000 /ton

	Density (at 87K)
	1400 Kg/m3 

	Latent Heat of Vaporization
	160.81 kJ/kg at atmospheric pressure


4.9 Physical Properties of Nitrogen

The following properties shall be used:

	Temperature of liquid within storage tanks
	77.35K (-195.9°C / -320.5°F) at atmospheric pressure

	Purity Levels
	TBD

	Density (at 77K)
	808 kg/m3

	Thermal Heat Capacity (liquid)
	2.042kJ/kg.K

	Latent Heat of Vaporisation
	198.38 kJ/kg


5 Cryostat

5.1 General

Two cryostat configurations shall be considered:

· Membrane: recessed into floor pit, supported by cavern walls
· Modular: above cavern floor, self supporting, contained in bunded area
In order to minimize working at depth and expedite construction, the use of modularized/ pre-assembled design and construction techniques for both the cryostat and TPC shall be prioritized.

5.2 Oxygen Deficiency Hazard

Design shall notionally be in accordance with the following FermiLab classification (FermiLab ES&H Manual #5064, Oxygen Deficiency Hazards):

· ODH class zero (No hazard) within cavern above tank if pit below is not accessible
· ODH class one (Respirator/Personal monitor) in areas with modular tanks
FermiLab will determine final ODH classification from the supplied design data.
5.3 Storage Requirements
The cryostat shall nominally provide full containment for:
	Gross LAr storage volume
	26,400 m3 (37-kt)

	Active LAr storage volume (~75% of Gross)
	19,800 m3 (27.8-kt)

	Fiducial LAr storage volume (~60% of Active)
	11,880 m3 (16.7-kt)


Contained volumes may vary in accordance with the selected cryostat and/or TPC arrangement. This is governed by the maximum cavern dimensions. In all cases, the fiducial volume should equal or exceed the specified value.

Variations during the cryostat screening process will be made in consultation with FermiLab.
5.4 Construction Materials

There is no project requirement to manufacture concrete for use in the cryostat or throughout the lab space from low-radioactive materials.
5.5 TPC
5.5.1 Screening Process

Details in this section are extracted from reference [3].

The membrane cryostat contains multiple stacked TPC modules, laid side by side and end to end. The TPC modules have the following dimensional arrangement:

	External dimensions
	5 m wide x 7 m high x 11.5 m long

	Vertical clearance between TPC modules or cryostat base
	0.5 m

	Vertical clearance between TPC module and LAr level
	0.25 m

	Vertical ullage at the top of cryostat
	0.25 m

	Horizontal clearance between TPC modules
	0.5 m

	Horizontal clearance between TPC and cryostat side wall
	0.5 m

	Horizontal clearance between TPC and cryostat end wall
	1.0 m


These module dimensions are consistent with the transportation requirements for the shallow site. For the deep site the shaft dimensions restrict the maximum pre-assembled element size. To maintain the same TPC configuration the assembly requirements will increase the time spent working at depth (refer section 4.2).

Gross volume is the total stored LAr. Active volume is the total volume of all TPC modules. The active to gross volume ratio is defined by the clearance required around each TPC module.
The fiducial to active volume ratio is governed by a reduction (cut) in useful volume of each TPC module. The specified cuts are listed below:
	All surfaces perpendicular to TPC length axis
	0.3 m

	Length, upstream beam end
	0.1 m

	Length, downstream beam end
	1.4 m


For the modular cryostat, volume estimates are based on an assumed 0.3 m fiducial cut for each axis. This is applied to every cube of the modular structure. 

The design TPC module mass is 3000 Kg per linear meter (estimated on a 12m length) [8].
Changes made during design development are outlined in Section 5.5.2.

5.5.2 Changes Made During Design Development
Details in this section are extracted from reference [9] and from subsequent discussions with FNAL.

For final design purposes, the membrane cryostat contains multiple lightweight TPC panels (4m x 7m) each with pre-installed wire places. These units are stacked two high and joined to adjacent parallel panels across the cryostat in a “scaffold-like” manner. This configuration increases the fiducial/active volume ratio and hence reduces the total stored LAr. The revised design TPC mass is ~ 50 Kg per linear meter (for each parallel cathode/anode plane spaced at ≤ 2.5m).
For the modular cryostat, the TPC is formed integrally with the inner tank from post-installed vertical wire planes running in the longitudinal direction which are equispaced across the width at ≤ 2.5m. The wire planes are attached to the main frame members and apply a 500 Kg/m maximum load to the end frames only.
All other design assumptions remain unchanged.
5.6 Operating condition

The cryostat shall be operated at slightly above atmospheric pressure (~ 200 mbar [3]) to ensure that air is excluded and evolved gas can be retained.

Temperature variability and uniformity requirements listed in section 4.8 shall be carefully reviewed.  i.e. A 15m depth of LAr results in a pressure rise of ~2 bar. The boiling temperature of the LAr at depth will therefore be higher than that of the LAr at the surface. FNAL have advised that natural convection should maintain temperature uniformity throughout the cryostat. Under this condition, the addition of heat will cause the low pressure LAr at the surface to boil first.
Any heat gain at the edge of the tank will result in temperature non-uniformity and potential boiling / bubble formation on the base and walls. Bubbles should be prevented from entering the fiducial volume.
5.7 Tank Performance

5.7.1 LAr Vaporization

Local LAr vaporization may occur at support points (and other thermal bridges). This causes bubbling and disrupts the active TPC volume. A bottom shield plate, to limit this effect which acts to divert evolved bubbles around the tank edges (within the non-fiducial volume)shall be included.  This will form part of the TPC arrangement (by FNAL) and will not be part of the cryostat [8].
5.7.2 Roof
The detector roof shall be designed to span between edge supports under the action of an over-pressure equal to the lower relief valve cut-off of 240 kPa. The roof shall be designed to ensure leak tightness at all corners and around penetrations.
5.7.3 Minor Leak
For a membrane tank, there is the potential for minor pin-hole leaks to develop through the tank wall. These will be swept up by the argon purge in the insulation space.  Liners shall be used on the concrete face to ensure the tank remains leak tight. Based on the behavior of LNG tanks, acceptable annual leak rates are in the order of TBC.
A similar scenario applies to a modular tank.

5.7.4 Minor Spill
For membrane or modular tanks, a minor spill on the roof (e.g. due to a pipe fracture) shall be contained and funneled to a vessel designed for vapor recovery.  A minor spill elsewhere shall be contained in a drip pan (as per FERC requirements for LNG lines in the US).

Associated health and safety issues are described in section 8.
5.7.5 Major Spill (Upset condition)
Full spill containment shall be provided for complete failure of the primary tank.
In the case of the membrane tank, containment is provided by the pit in the ground.  For modular tanks not built in a pit, some form of secondary containment, such as a bunded area shall, be provided. The bund depth (or selection of sumps) shall be sized on the full cryostat volume. 
Associated health and safety issues are described in section 8.
5.8 Heat Leak and Insulation Design
Calculations for heat leak shall be based on the passive insulation of the cryostat.
Initial heat load calculations have assumed a cryostat heat load of 35kW (including contingencies) and a heat load of 15 kW from the associated pipework, vessels and mechanical equipment, giving a total heat load of 50kW. 

5.9 Outfitting

5.9.1 Penetrations

All penetrations into the cryostat shall be located above the maximum liquid level.

Penetrations shall be included for:

· Pump wells

· Boil off gas lines

· Liquid return / fill lines

· LAr monitoring instrumentation (temperature, density, level)

· Man-ways

· Pressure relief valves and vent lines
· Insulation space monitoring systems (temperature, liquid / condensation ingress)
· Cryogenic feed throughs housing fiber optic cables, copper cable feed throughs and high voltage feed throughs [3]
· TPC Module Instrumentation (instruments and or sensing elements) if required (Note: need to determine whether instruments are ‘cold’ or ‘warm’)
Overhead access is required.  The vertical clearance between the cryostat roof and the cavern roof shall be minimsed to reduce the excavation volume.  Vertical clearance is required for:

· Extraction of the vertical submerged cryogenic pumps located within the cryostat.
· Construction access to the cryostat

· Personnel access on the cryostat roof for access to instrumentation, relief valves etc

Options to include pockets in the roof above the pump wells/other items of equipment with bespoke rigging arrangements shall be considered.
6 Cryogenic System

6.1 General Requirements
6.1.1 Piping

Piping shall be metallic and designed in accordance with the requirements of ASME B31.3 Process Piping and ASME B31.5 Refrigeration Piping and Heat Transfer Components.
Pipe material shall be seamless Austenitic Stainless Steel in accordance with ASTM A312 Grade TP304 or TP304L.  No corrosion allowance is required with this material in this service.
Vacuum insulated pipe shall be used to minimize heat load on straight runs.  Where necessary due to the number of connections, changes in direction or the inclusion of valves and fittings, mechanically insulated pipe may be used.  All mechanical insulation shall be protected by waterproof cladding detailed to prevent water ingress.

Cryogenic piping shall be laid to falls such that any boil off vapor returns to the interim storage dewar, cryostat or other vessel designed for vapor recovery.

A flange minimization policy shall be adopted for the LAr systems to reduce the risk of leakage.  Flanges may be justified for the connection of the piping to proprietary equipment and vessels. The minimum flange rating shall be in accordance with ASME B16.5 class 150.
The design of the argon system shall aim to eliminate all fugitive ingress so as to ensure that the required levels of purity are maintained.  In addition to the minimization of flanges discussed above, potential leak paths (such as valve stem packing) shall be eliminated where possible.  Where leak paths cannot be eliminated a positive purge with gaseous argon shall be provided.   

All piping systems shall be sized to limit liquid flow velocities to a maximum of 2.5m/s and gaseous flows to less than 20m/s. 
Where the pipe system design results in the potential for isolated sections of lines to be filled with cryogenic fluids (e.g. fluid trapped between valves) a means of relief shall be provided to prevent over pressure. 

6.1.2 Pipe support arrangements

All piping systems shall be adequately supported to limit stress and vibration.  Thermal, mechanical, environmental, installation, long term fatigue and seismic loads shall be considered.

Stress analysis shall be undertaken in accordance with the requirements of ASME B31.3.

6.2 LAr and LN2 Offloading Facilities

Cryogenic liquids (LAr and LN2) are to be delivered to the site by road tanker (rail access not available).  They will be offloaded at a receipt facility located at the surface.  The facility will incorporate valving, metering and distribution pipework.

It is assumed that adequate offloading pumps will be located on the delivery vehicles. 
6.3 Interim Storage Dewar (optional)
Following receipt, the LAr may be transferred to an interim storage dewar.  This will:

· facilitate the intermittent receipt of LAr prior to its continuous transfer to the underground cryostat,

· ensure that adequate stock is ‘to hand’ before the cryostat filling commences, and
· will provide a location for the storage of LAr that is displaced from the cryostat.
It is envisaged that the dewar would be located above ground.
The dewar would be sized to provide sufficient ullage to accommodate the LAr contained in the largest single cryostat so that the cryostat may be fully drained into the dewar.  It has been assumed that no more than one cryostat would be filled/drained at any one time and that the dewar would not be available for displaced LAr whilst a second cryostat is being filled. 
In addition, the dewar would also be able to contain a sufficient volume of LAr to continuously maintain the dewar at low temperature.

The dewar should provide single containment, in accordance with BS EN 14620 and should include all necessary bunding to prevent the loss of liquid argon in the event of a failure of the containment vessel.

A recondenser and liquefaction plant would be provided as part of the interim storage system.  This system would cool the boil off gas and return it to the dewar.

	Minimum LAr Ullage 
	26,400m3 (37-kt)

	Gross storage volume (ullage + retained volume)
	~30,000m3 

	Assumed heat load
	25kW


Outfitting of the interim storage dewar would include:

· Facilities for the offloading of road tankers and rail tanks into the dewar

· Vertical submerged in-tank pumps for the transfer of LAr and associated pump wells

· Boil off gas lines

· Liquid return / fill lines

· LAr monitoring instrumentation (temperature, density, level)

· Man-ways

· Pressure relief valves and vent lines

· Insulation space monitoring systems (temperature, liquid / condensation ingress)
6.4 LAr Piping

6.4.1 Delivery System

LAr shall be supplied from the interim storage dewar to the cryostat.
The net rate of transfer shall permit the filling of the cryostat in less than 90 days.  In sizing the LAr delivery system, allowance shall be made for the anticipated boil off during cool down and initial filling.

The minimum size of LAr flow line shall not be less than 50mm (2”NB).
Where road access is provided to the cryostat, LAr may be delivered directly to the cryostat by road tankers.

Piping delivering LAr to the deep cavern option shall incorporate pressure control valves and break tanks to limit the pressure within the vertical risers.  An argon vapor return header shall also be provided from the vapor space of each break tank. 

6.4.2 Cryostat Insulation Purge

A cryostat insulation  purge system shall be provided.  The purge system shall circulate argon vapor through the insulation.  The vented purge gas shall be recondensed, purified and returned to the cryostat.LAr DrainSystem

A cryostat drain system shall be provided to transfer LAr from the cryostat to the surface for disposal or release.  The system shall be designed to transfer the cryostat volume in less than 30 days.

The minimum size of LAr flow line shall not be less than 50mm (2”NB).

Submerged vertical pumps located within the cryostat will lift LAr from the cavern level to the surface.  For the deep cavern option, a series of intermediate LAr booster pumps may be required to limit the head rise on the lower pumps.
6.4.3 LAr Boil off Relief Lines
A boil off gas pressure relief line shall be provided from the cryostat to the surface.  
6.5 Liquid Nitrogen (LN2) Systems
A closed loop Nitrogen systems is required as back up for the refrigeration plant and to charge the argon refrigeration plant.  The argon plant will require an initial charge of LN2 and may require additional intermittent Nitrogen make up following maintenance or leakage.
6.5.1 LN2 Storage and Delivery
Bulk on site LN2 storage is envisaged although there is a limited ongoing requirement for LN2.
Following receipt, the LN2 will be transferred to a holding tank.  The LN2 will be piped to the refrigeration plant.

Piping delivering LN2 to the deep cavern option shall incorporate pressure control valves and break tanks to limit the pressure within the vertical risers.  A Nitrogen vapor return header shall also be provided from the vapor space of each break tank. 

If the shallow cavern option is selected then the LN2 may be delivered directly by road tanker to the cavern.  
Given the infrequent requirement to transfer cryogenic gases to the facility the use of common L.Ar and LN pipework may be considered. 
Nitrogen make up of the closed loop systems may be by portable dewars transferred to the cavern level using the access lifts.
6.5.2 Refrigeration plant

A LN2 refrigeration system shall be provided to re-liquefy the argon that boils off in the cryostat or in other items of equipment.

The refrigeration plant shall be a closed system which requires an initial charge of LN2.  Subsequent recharging will be as a result of minimal leakage or maintenance. The required volume of Nitrogen is TBD   

The refrigeration plant: capacity is defined as follows based on the use of LN2 as the heat transfer fluid.
	LN2 Refrigeration Plant Heat Load (kW)
	Refer section 5.8

	LN2 supply pressure (bar a)
	TBD

	LN2 liquid supply temperature (to argon recondenser)
	< 85 K


The heat load equates to a boil off rate of 26.8 tons of LAr per day.

The refrigeration plant shall consist of:

· LN2 compressor

· LN2 Expander

· Recondenser

The recondenser consists of an insulated tube and shell heat exchanger. 

The heat load to the Argon in the detector vessel, pipework and associated equipment ishall be removed in the recondenser vessel by cooling the gaseous Argon to below its dew point.   The resultant condensate shall be prufied and returned to the cryostat.

For sizing purposes, it is to be assumed that the Argon flows through the recondenser by natural convection.
6.6 LAr Purifiers 
The specification, design and costing of the purification filters are excluded from this scope of work.  Assumptions in relation to the purifiers and the associated utilities are based on the specimen design provided in reference [5].
The purifier vessels shall be located on the cavern floor.  i.e. Location on the cryostat roof will significantly increase the height and overall dimensions of the cavern. The proposed arrangement (by others) shall be included on the cavern layout drawings.
6.6.1 Initial Purification Requirements

The purifier systems shall be sized to filter the LAr for the initially filling condition at a specified flow through rate of 600 gpm (~ 136.3 m3/hr).

6.6.2 Continuous Purification Requirements

During normal operation a stream of LAr shall be continuously extracted from the cryostat and purified. The specified flow rate through the filters is 150 gpm (~ 34.1 m3/hr).

6.6.3 Circulation Pumps
LAr will be pumped to the purifiers from submerged vertical pumps within the cryostat.  The purified LAr may be returned to the cryostat via the LAr fill line.  The fill line will be located remote from the extraction pumps and the discharge will be submerged to avoid bubble entrainment and turbulence.

6.6.4 Purifier Utilities

The purifiers require Argon and Hydrogen gas at 225 °C for regeneration/drying.
The source and specification of the Argon and Hydrogen gases are TBC.
7 Contingencies

7.1 Cryostat Leakage

A high level of reliability is required.  Leakage is to be mitigated during construction by design, specification, workmanship, inspection and pressure testing.

7.1.1 Provisions
· Provide bund to contain spilled LAr
· Any boil off into cavern space handled by HVAC (sized to maintain ODH specification)

· Recover LAr from bunded area after cryostat is repaired using bilge pump.

7.2 Cryostat Draindown
Extensive works will be required to commission and cool down the cryostats.  It is not envisaged that the cryostat will be regularly drained down to maintain the cryostat or the detector array.

7.2.1 Draindown Procedure

In the unlikely event that the cryostat is to be drained then: 

· Pump LAr to spare empty cryostat or dewar – location, cool down time

· Pump into other (operational) cryostats - if available and ullage is provided

· Remove by tanker (only valid for shallow case) – to be taken to TBC
8 Health and Safety Requirements

8.1 Tank Performance
8.1.1 Minor Spill
The ODH associated with a minor spill as described in section 5.7.4 shall be assessed in accordance with FermiLab requirements.

8.1.2 Major Spill
The ODH and increased boil-off gas evolution associated with a major spill as described in section 5.7.5 shall be assessed in accordance with FermiLab requirements.

9 Environmental Requirements

Environmental Requirements shall be defined by FNAL.
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