Liquid Hydrogen Vessel

Statement of Work (Revision 1)
Scope 

Manufacture a vertical vessel designed for use with liquid hydrogen (LH2) in accordance with specifications listed below.  

Background

This vessel will serve as a replacement for an American Society of Mechanical Engineers (ASME) Coded hydrogen vessel that was originally manufactured by Standard Steel Corporation in 1963.  Cryenco modified the vessel in 1975, as part of a system constructed to test liquid hydrogen pumps for NASA. The vessel was used for cryogenic test operations for 20 years.  The system was recently deactivated and transferred to another test facility.  The vessel was damaged beyond repair during transportation, however, salvaged components (listed below) will be used on the replacement vessel. There are no numbers representing NB registration on the vessel or on the associated documentation.  The original vessel has been dissected in search of a national board number, but no numbers or symbols were found that indicates tracability.

An overview of the vessel requirements is explained in this document, while more specific requirements are defined through the attached drawings.  Cryenco provided supplemental drawings when the vessel was modified.  Please note that drawings are not to scale and may not meet ASME requirements.  Original weld callouts and nonessential dimensions and information have been omitted and should be designed by the vessel supplier to meet current ASME Code, Section VIII.  Most dimensions and callouts that have been included in the drawings are key characteristics of the vessel and should be regarded as design criteria.  However, it is possible that pipe sizes or dimensions on the drawings do not meet current standards.  In no way shall any part of this Statement of Work imply that any part of the applicable code be ignored. The code shall be followed in all instances and any discrepancies should be brought to the attention of the NASA Contracting Officer.

An additional drawing is attached, labeled “Flow Schematic”.  This simplified drawing shows the basic valving in and around the vessel.  

All supplier generated engineering drawings and calculations will be submitted for NASA approval prior to fabrication. 

NASA will supply components labeled “CS” on the drawings.  A list of NASA supplied components is provided below.  All NASA supplied components will be shipped by NASA prior to initiation of fabrication and will be ready for use with minimum cleanup.

	#
	Component
	Page
	Description
	Comments

	CS #1
	Scroll housing
	2
	Mock-up pump assembly that will be bolted to adapter flange in bottom head of inner vessel.
	To be used for fitup of system plumbing.

	CS #2
	“Detail H”
	2
	Transfer line or “U-Tubes”
	To be used for fitup of Detail F (Male Bayonet) return legs.

	CS #3
	“Detail F”
	2
	Referred to as Male Bayonet or pump discharge leg
	To be used for fitup of system plumbing

	CS #11
	MISC
	
	Screws and washers that go with adapter flange, pump, and cover plate
	

	CS #4
	“Detail I”
	3
	Inlet pipe and gasket
	

	CS #5
	Cryolab 2” valve
	3
	Flow control valves (3 req’d)
	Must be welded in place.  The actuators will not be supplied unless necessary.

	CS #6
	Detail 1
	4
	Cover plate
	

	CS #8
	Detail 4
	4
	Adapter Flange and cold manway seal
	To be used for fitup of pump plumbing.

	CS #10
	Turbine Flowmeter
	1
	Spool pieces, identical in dimension to turbine flowmeters that will be used in testing  system
	To be used for fitup of inner tank plumbing.


The completed vessel will be delivered to White Sands Test Facility in Las Cruces, NM, 88004.

Vessel Specifications

1. The inner vessel shall be built to current ASME Code, Section VIII, Division I, Subsections UG, UW, and UHA.  A standard ASME Code document package shall be provided with the vessel.

2. Outer vessel shall be built to current CGA standards.  ASME code compliance of the outer vessel is not required.

3. Top and bottom heads on both vessels shall be torispherical.

4. Outer vessel shall be of carbon steel construction. 

5. Outer vessel shall be equipped with a vacuum rupture disk and vacuum pumpout port.  ITT Dia-flow WEIR valve or equivalent is required for pumpout of the vessel annulus.  If a proprietary vacuum port is used, any special tools necessary to operate the port shall be included.

6. Vessel’s vacuum annulus shall be capable of maintaining less than 20 microns and shall have a leak rate less than 0.1 micron/hr.

7. The inner and outer vessels shall be leak checked using a helium mass spectrometer or equivalent.

8. All exterior surfaces of the carbon steel outer shell will be sandblasted, primered and painted white.

9. The inner vessel shall be rated for  external pressure of 14.7 psi and internal pressure of 150 psi.

10. Inner vessel shall be of ASME SA-240 TP304 construction with super insulation applied to the vessel annulus.  Perlite, foam, or any blown-in or poured-in insulation is not acceptable.  There is no specific heat leak requirement for the vessel.  The vessel is not intended for long term LH2 storage, hence the heat leak rate of the vessel is not a critical specification.

11. The overall heat transfer coefficient of the insulating material of the vessel shall be provided at the time the engineering drawings and calculations are submitted for NASA approval.  This will be used by NASA in relief valve sizing calculations per CGA S-1.3 paragraph 5.2.2 
12. Design pressure of inner vessel shall be no less than 150 psi.  Design temperature of inner vessel shall be –423 deg F. 

13. Operating pressure of the inner vessel will be less than 50 psi.  NASA installed relief device for the inner vessel will be set at 70 psi.  This relief device is not part of the solicitation and will be installed by NASA following delivery to WSTF.  The inner vessel relief device will be manifolded to the flanged vent line, as shown in Detail J, on Sketch 3 of 8.

14. Vessel shall be equipped with standard ullage and liquid level indicators with a dial gauge.  The liquid level indicator shall be a differential pressure type.  A tee fitting shall be installed on the exterior plumbing of the liquid level indicator so that a delta-pressure transducer may be run in parallel with the indicator.  The delta-pressure transducer is not part of this solicitation and will be installed by NASA upon delivery of vessel. 

15. Vessel vent line and connection shall be built as shown in Detail J, Sheet 6.

16. Top outer and inner heads shall accommodate customer supplied fill line shown in Detail I, Sheet 6. Diagrams of top heads are shown on Sheet 5, Details 6 and 8. 
17. Design of mounting feet will be consistent with Detail 16, Sheet 6.  Required placement of 4 mounting feet is shown on View A-A, Sheet 1.    

18. The outer vessel diameter and mounting feet placement are shown on Sheet 1.  These dimensions are critical, as the vessel shall be placed on a support stand, shown on Sheets 7 and 8. The vessel support stand has been designed and built, and is not within the scope of this solicitation.

19. The vessel shall be designed for seismic-risk zone 2 (Reference UBC).  The vessel’s support stand has been designed and built per this requirement.

20. The diameter of the outer vessel shall be 60”, as shown on Sheet 5.

21.  Inner vessel volume shall be no less than 500 gallons.

22. Internal supports between the inner and outer vessel should be capable of supporting the weight of the internal vessel when completely full of water (approximately 4000 lbs.).  Supports should also be capable of withstanding loading associated with transporting vessel from fabricator’s shop to NASA facility in Las Cruces, New Mexico.

Special Features

1. Vessel shall be outfitted with flanged openings in the bottom heads of the inner and outer vessels.  Flanges are shown in Details 2 and 5, Sheet 4.  Bottom heads are shown in Details 7 and 9, Sheet 5.  Cold manway seal will be provided by NASA, with other customer supplied items. 

2. A turbine pump assembly with three turbine pumps will be installed in the bottom of the inner vessel.  The maximum flow rate of each pump will not exceed 225 gpm.  The flow will be discharged through Male Bayonets and Transfer Lines (shown in detail F and H respectively, Sheet 2) and back into the vessel.   The pumps will run at 11,800 rpm for the duration of each test (up to 4 hours)  The loads associated with the pump flow rates and speeds should be considered when performing weld design for inner vessel manway.

3. The outer flange shall be lined with expansion bellows that adjoin to the inner flange.  Expansion bellows shall be designed to absorb thermal expansion and contraction associated with liquid hydrogen temperatures (-423°F).  Vessel will experience no more than 20 thermal cycles per year, and will not be used for long-term liquid hydrogen storage.  A thin protective sleeve shall be installed along the inner diameter of the expansion bellows to protect the bellows during yearly removal and installation of the manway flange.

4. Three return flowlegs (2”OD x 0.065 Tube; 304 SS) shall extend from the exterior of the bottom head of the outer vessel to the interior of the inner vessel as shown on Sheet 1.  Each flowleg inlet shall connect to NASA supplied transfer lines (Detail H) and male bayonets (Detail F), both shown on Sheet 2. 

5. Each flowleg shall accommodate a customer supplied 2” turbine flowmeter.  Flowmeter outlet flanges shall be 14’’ from the upstream flow control valves as shown on Section E-E, Sheet 3. 

6. Each flowleg shall accommodate a NASA supplied flow control valve that is actuated from the top head of the outer vessel. The valve bonnet assembly shall penetrate the inner and outer top heads to allow for actuation above the vessel. 

7. Each flowleg shall discharge to a common spray ring downstream of the flow control valves, Detail 12, Sheet 5.  In the original design, this spray ring was welded on to the inner vessel.  However, current requirements call for a spray ring that can be disconnected from the piping and removed from the vessel.  Detail 12 indicates that piping between each flow control valve and the spray ring be flanged and that the spray ring itself be flanged in two places.

8. The inner vessel shall be cleaned per Compressed Gas Association Pamplet, CGA G-4.1.  Surfaces shall be free of all visible contaminants when inspected under both bright and ultra-violet light.  Inaccessible surfaces shall be indirectly inspected using wipe, swab, or liquid flush methods.  The following are contaminants that shall not remain (but are not limited to these): hydrocarbon oils or greases; unapproved pipe-thread or gasket sealants; water, conventional paints, varnishes, fluxes, or organic rust protectants; and loose or loosely adherent rust or mill scale, shop dirt, filings, chips or loose weld spatter.  

Best Value Criteria

The offeror shall provide adequate information so that the government can evaluate the following: 

1. Demonstration and verification of previous experience with double walled cryogenic pressure vessels

2. Demonstration and verification the offeror is an ASME Code shop

3. Past performance - (Offeror shall provide past performance information and points of contact on past contracts that can be evaluated for efforts similar to those required by this solicitation). NASA will also do an independent review on the Offerors past performance.

4. The delivery schedule for completion of the vessel
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