Attachment A

Liquid Methane Roadable Dewar Specifications

NASA Glenn Research Center

Creek Road Cryo Complex – SMiRF


General Description

The product to be provided is a portable vacuum-jacketed cryogenic storage vessel with associated piping and controls.  The vessel and piping shall be provided mounted on a suitable truck chassis or trailer to provide over-the-road transportation and storage of high purity cryogenic liquid methane.  The vessel and piping mounted on a suitable structure shall comply with applicable ASME, ANSI and DOT regulations to provide safe, efficient transportation and storage of liquid methane.  

Inner Vessel
Cryogenic Fluid – 



Liquid Methane (LCH4)
Minimum net liquid volume – 

Min: 2,800 gallons, Max: 4,000 gallons
Design temperature – 



-320 to +100 deg F

Inner Vessel MAWP – 


150 psig minimum

Inner vessel design specification – 

ASME Section VIII, Div 1

Inner vessel to be provided with suitable internal baffles for over-the-road transport
A nameplate shall be clearly attached to the outer vessel exterior with the inner and outer vessel specifications and at minimum will have information such as vendor/ fabricators name(s) and addresses(s), fabricators National Board registration number, date of fabrication, inspection types done, material type and thickness for heads and shell, the applicable pressure ratings and temperature ranges, the ASME “U” stamp and the national board registration number

Outer Vessel Jacket

Jacket shall be designed to 30 psi critical collapse per MC-338 and CGA341.
Jacket safety device should be sized per CGA 341 and 49 CFR

Jacket materials shall be per 49 CFR 178.338-2

The outer vessel jacket shall be constructed of carbon steel complying with Section VIII, division I of the ASME code at temperatures at or above the minimum allowable temperature as listed in table 1A of the ASME code section II, part D. The insulation of the annulus space shall be with use of multiple layer insulation and vacuum, therefore the design of the outer vessel shall be based on ASME section VIII parts UG-28, UG-29, UG- 30 and UG -33 using an external pressure of not less than 15 psi. 

The outer vessel shall have a relief device that complies with NFPA 59A requirements and ASME section VIII division I requirements. 

The outer vessel shall have supports and mounting brackets installed as needed to ensure that all items to be affixed to the outer vessel are secure.  The calculations for these supports shall include thrust induced by discharge of relief devices and valves. 

A tag shall be provided for the outer vessel as well that shall contain the same information as the tag for the inner vessel. 

Vacuum Annulus

The annulus shall be evacuated.  The vendor shall apply a vacuum to the annulus prior to shipping.  The outer vessel shall have a port with valve assembly for vacuum pump down with an external vacuum source and a port with isolation valve.  On the down stream side of the isolation valve a vacuum gauge (electronic readout) (Hastings) shall be provided.  The calibration curve and product literature shall be supplied with the vacuum gauge. 

Piping

External piping material – 


304/316 Stainless Steel

External piping valves & components – 
Stainless Steel, bronze or brass

Piping design specification – 


ANSI B31.3

Piping systems required Top & bottom liquid fill with manual isolation valves
 Bottom liquid withdrawal minimum 25 gal/min withdrawal capacity shall include manual isolation valve in series and upstream of pneumatically actuated remote operated valve (ROV)Automated pressure building ci.  The pressure control circuit shall include a back pressure regulator to maintain the Dewar set pressure at a given point. The backpressure regulator will have an isolation valve and a bypass valve.  These valves shall be manual, non vacuum jacketed, extended stem cryogenic valves.  The backpressure regulator, associated piping and valves shall be sized based on the estimated boil off for the Dewar in the worst case situation (low liquid) and for the typical highest temperatures conditions for the Cleveland, Ohio area.4. Vent & safety relief  The vendor shall perform calculations for all relief devices ensuring that they meet the manufacture’s stated performance and all ASME and NFPA requirements and will submit these calculations as part of the procurement.5. Liquid level & pressure instrumentation
6. Full trycock for LCH4, LN2 and LAR
7. Ullage gas withdraw line shall include manual isolation valve in series and upstream of pneumatically actuated remote operated valve (ROV)  Final line connection downstream of ROV shall be 1” AN male fitting.
8. Top tapping nozzles for vent, relief and tank ullage pressurization. 

a. Provide a nozzle at the top of the tank for venting, back pressure control valve and relief devices.  The vendor shall size this nozzle based on the design of the tank and requirements of NFPA 59A and ASME division VIII, section I.

The vent nozzle shall be sized based on the “worst case situation” based on the temperature/pressure/density and the cryogen in the inner vessel.  In no case shall this nozzle be less than 1 ½” NPS. 

b. Provide a nozzle in the top of the inner vessel that is 1 ½” NPS. This nozzle will be used to supply helium pressure to the ullage space to move Liquid Methane.  It will also be used to purge the tank during filling operations.  Provide this nozzle with a blind flange. 

Overall System

System Design Specification – 

DOT MC-338, FMVCSS
System Maximum Length – 


35 ft

System Maximum Overall Height – 
 
11 ft
System Maximum Width – 


8.5 ft    
Fluids – although this vessel is intended for use with LCH4, system design shall be such that this vessel can be used in LCH4, LN2 or LAR service.  Maximum fill density shall be per 49 CFR 173.318
Performance
Maximum Normal Evaporation Rate (NER) in LN2 – 
1.0%/day
Withdrawal rate (pressure transfer) – 


25 gal/min (Minimum)
Vacuum level - shipped with a warm vacuum of less than 10 micron Hg.  The vacuum system shall capable of maintaining the required vacuum in the sealed insulation space for the design life of the dewar.

Paint




Epoxy primer, acrylic urethane finish coat in White

Labeling

The vendor will label all components with permanent metal tags and provide a laminated component list, and instrument and piping diagram attached to the inside of the cabinet door.  The Dewar and all components shall be labeled in accordance with NFPA, DOT and all other applicable requirements.

Electrical





All electrical devices, wiring, enclosures and associated electronic apparatus shall be designed, electrically rated and installed in accordance with the following design codes as they apply: 
NFPA 70  –  National Electric Code (NEC) 

NFPA 496 – Purged and Pressurized Enclosures for Electrical Equipment

NFPA 497 – Recommended Practice for the Classification of Hazardous Gases for Electrical Installations – Methane Class 1, Div 2, Group B
Under Writers Laboratory (UL)
Testing

Inner vessel

1. Pressure test – The liquid container shall be hydrostatically tested in accordance with the requirements of the ASME Code for Unfired Pressure Vessels Section VIII, Division 1.
2. Liquid container leak test – the Contractor shall perform a mass spectrometer leak test of the inner vessel as per either ASTM specification E498-05 or E499-05 methods as appropriate.  Acceptance will be based on “no-leak” indication at sensitivity of 10-6 cc per second. Any leaks shall be repaired by the manufacturer, and the test repeated. 

3. Radiography – Liquid container pressure vessel welds shall be radiographed in accordance with the requirements of ASME Section V – Non-destructive Examination and ASME Section VIII, Division 1 – Rules for Construction of Pressure Vessels.

Outer Vessel 

1. Vacuum Retention Test – Upon completion of the outer vessel and before painting, a 5-day, warm vacuum retention test shall be performed.

System

One Way Travel Time (OWTT) test per MC-338

Procurement Submittals

NASA Glenn Research Center has requirements specific and internal to the site. All pressure systems must have a pressure vessel/system documentation package (PV/S).  This package will include the pedigree of every component in the pressure system.  This will include the vessel (ASME U-1 form), fittings, hard lines, valves, and instrumentation.  It will include every item subjected to the system pressure.  A requirement of this procurement is to provide this information.  For most items it will include the manufacture of the part, the manufacture’s part and serial numbers,  MAWP (both of the body and the soft goods) , material of the part (both hard parts and soft goods), size, type of connection (AN fitting, flanged, etc.) and any specific remarks (on a PCV the orifice sizing and the spring number). For all relief devices a calculation will be required to ensure the relief valve will meet the manufacture’s specifications in regards to flow.  For hard lines they will need to be proofed per ASME B31.3 requirements and tagged with a metal etched tag listing the material type, wall thickness, size and MAWP based on proof. Instrument and piping diagrams will be provided in both AutoCAD and hard copy by the vendor as part of this procurement for the PV/S package.  The PV/S package submittals shall include:

Data/Analysis – Design calculation shall be submitted for the following:

1. Liquid container ASME Code calculations (outer vessel)
2. Vacuum Jacket design calculations  (inner vessel)
3. Heat leak calculations through insulation, support and piping for LCH4 service

4. Estimated vessel weight

5. Relief device sizing calculations

6. Piping flexibility analysis

Drawings – The following shop fabrication drawings shall be submitted for each assembly:

1. Liquid Container assembly

2. Outer Vacuum Jacket assembly

3. Overall Final assembly

4. External Piping arrangement isometric
5. Piping and Instrumentation Diagram (P&ID)

6. Electrical Wiring Diagram (if applicable)
Manufacturer’s Catalog Data shall be provided for the following at a minimum:

Valves

Relief Devices

Pressure Regulators

Instrumentation

Trailer running gear (tires, suspension, lights, etc)

Procedures – 

1. NDT Procedures and Inspection Procedures

2. Cleaning and Certification Procedures

3. Paint Specifications

Reports – 

1. Certified Mill Test Reports for plate, forging, and welding materials

2. Certified Impact Test Reports (as applicable)

3. Certified Nil-ductility Test Reports (as applicable)

4. Heat Treatment Procedures (as applicable)

Desired documentation – 

1. Tank Manufacturer's Data Report and Certification (required per 49 CFR 178.338)

2. Pipe MAWP calculations

3. Design loading distributions (tractor, trailer, payload, vessel supports, etc)

4. Pressure relief device certifications, test reports & serial numbers

5. Picture of inner pressure vessel data plate 

6. U-1 Form for inner vessel

7. Mill certs for piping and vessel materials

8. Impact test report and sketch showing the location of each plate

9. Post weld heat treatment reports  (as applicable)

10. NDE certifications and reports

11. Vacuum leak test reports

12. Certified Welding Procedures and Welder Qualifications/Certifications

13. Radiography reader sheets (film if possible)

14. Hydrostatic/Pneumatic test reports

15. Operations & Maintenance Manual


Bid Submittals

In order to evaluate bids, the RFQ response shall include written demonstration of the vender’s ability to meet these specifications with specific responses to each item.  Clearly identify any and all deviation from this specification.  

Technical
1. The NASA specification includes actual valves for example:

Minimum net liquid volume – 

Min: 2,800 gallons, Max: 4,000 gallons

Design temperature – 



-320 to +100 deg F

Inner Vessel MAWP – 


150 psig minimum

The bidder shall provide their actual proposed values for each area of the specifications where an actual value is given.

2. A general piping and instrumentation drawing(s) representative of the type of vessel being proposed.
3. Actual internal vessel MAWP in psig
4. Actual net liquid tank volume in gallons

5. Overall vessel dimensions including chassis in inches 

Past Performance

The vendor shall be competent in the design, fabrication, and construction of Liquid Methane containers.  The vendor shall be required to submit credentials and a list of completed methane vessel projects to NASA Glenn Research Center for verification of qualifications.  Vendor must be a National Board registered fabrication shop per ASME requirements.  Vendor’s failure to submit this documentation will be considered a non responsive bid.

Price

The bidder shall provide pricing information including the dewar price, shipping costs, optional items (although not specifically mentioned in this specification), terms, warranties and anything else the vendor believes is necessary to provide the total cost to the government for this procurement.
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