Cryogenic Test Bed Tank 2 Specification (6-18-2010)
INTRODUCTION
The Cryogenic Test Bed 2 (CTB2) shall be a single tank to enable testing with cryogenic fluids – LH2, LCH4 or LN2 – in a configuration that is capable of testing and evaluating representative Cryogenic Fluid Management (CFM) technologies. The test tank shall be capable of LO2 testing with minor changes of flange and access door seal material.  It differs from the original CTB tank mainly in maximum allowable working pressure (MAWP) and in the manway access ports.  
CRYOGENIC TEST BED 2 TANK

1. The contractor shall design and fabricate one pressure vessel (tank), for use with liquid methane (-258 F), liquid nitrogen (-320 F), liquid hydrogen (-424 F) and liquid oxygen (-298 F). The maximum fluid density is 71 lb/cu ft (LO2).
2. The CTB2 tank shall be manufactured in accordance with the design defined by the included drawing package for the original CTB, with modifications as described below.  Non-destructive evaluation (NDE) requirements are not shown on the above drawings; they will be provided on line 32 and customer Quality will review for inspectability only.   
3. The nominal operating temperature range for all hardware wetted by the test fluid shall be +100 F to -424 F. All seals, gaskets and non-metallic materials shall be suitable for this temperature range. A lower temperature specification of -432 F typical of subcooled (or densified) liquid hydrogen is identified as a contract goal and the contractor shall identify any material wetted by the test fluid which is not suitable for use at -432 F
4. The maximum allowable working pressure shall be 50 psig, at a maximum temperature of 100 F and minimum of -424 F with an external vacuum pressure of 1x10-6 Torr, absolute.  Also, the tank shall be designed for a full internal vacuum (-15 psig). The corrosion allowance is zero. Note: As specified in Item 3, a lower operating temperature of -432 F is a contract goal.
5. The CTB2 tank design and fabrication shall be in accordance with intent of the current edition of the ASME Boiler and Pressure Vessel Code, Section VIII, Division 1 and other sections as applicable. The tank shall be stamped with the highest pressure for which it qualifies and hydro-tested accordingly.  It is required that the tank be ASME code certified, National Board registered, and stamped. Nipples and flanges will need to be analyzed and reinforced as necessary (see line 15). It has to be shown through stress analysis that the stresses are below the ASME allowable stress, including dry lift and wet support loading.  It is further required that the supplier hold a current ASME certification at the time of bid.  
6. The contractor shall provide the ASME certification documentation after the tank has been ASME certified.  This shall include: (1) shop drawings, (2) calculations, (3) material test reports, (4) welding documentation : Weld Procedure Specifications (WPSs), Procedure Qualification Records (PQRs), Welder Performance Qualification (WPQs), (5) Manufacturer’s Data Report, (6) NDE and hydrotest reports, and (7) nameplate facsimile.  
7. The CTB2 tank cycle life capability at the MAWP shall be consistent with the ASME code.  Supplier shall perform an ASME Section VIII, Division 2 fatigue calculation to demonstrate this.

8. The wetted tank material shall be type 304L or 304/304L dual grade stainless steel, meeting SA-240, SA-182, SA-312, SA-479 and SA-666.
9. The non-wetted tank material shall be type 304, 304L or 304/304L dual grade stainless steel, meeting SA-240, SA-182, SA-312, SA-479 and SA-666.

10. Bolting material shall be as specified, or the approved equivalent, in the included drawing package.
11. Whenever possible, the tank shall be designed with a weld joint efficiency of 1.0, to obtain a minimum wall thickness, and minimum tank weight, which is important. Lifting rod and channel welds shall be 100% liquid penetrant examined.
12. The pressure vessel outer dimensions shall be maintained as specified in the included drawing package.

13. The two pressure vessel access doors as specified in the included drawing package shall be deleted.  A single circular flanged manway with inside diameter of 20 inches on the top dome shall be added, with the same leakage requirements as the rest of the tank and a double concentric seal design.  The 6” port on the top dome shall be part of the manway cover plate.  
14. The pressure vessel tank penetration ports shall conform to the dimensions and angles specified in the included drawing package, except that the 4” ports shall be moved away from the tank axis to clear the new manway, maintaining their axial alignment (both top and bottom dome ports will be moved).  
15. The tank shall consist of a cylinder with top and bottom ASME 2:1 elliptical heads. The length shall be maintained as specified in the included drawing package. The top and bottom heads shall be modified to add a nominal 6” ID port on the tank centerline plus four (4) nominal 4” ID ports offset from the center, using the flange design shown on the drawing except as stated in item 14 above. Opening reinforcement shall be added as required, with the added stipulation that no reduction of reinforcement requirements shall be allowed as specified by the “F” factor in table UG-37 of the ASME code.   No pipe/reinforcement projections are allowed inside the tank and inside weld surfaces shall be ground smooth. 
16. The 32 ¼”-20 tapped holes on the inside tank wall shall be deleted.  
17. After welding the lower girth ring to the cylinder, machine the ring bottom surface, so it is flat within 0.02 inch and has a 63 RMS or better finish. Machine the minimum necessary. Chase the threads.
18. Using a full penetration weld, the contractor shall weld the manway flange to the top dome, centered on the tank axis to within 0.05 inch. Use a technique to minimize distortion of the flange. After welding, verify that the sealing surfaces are still within specification for the seals used, and machine as required if they are not.  
19. Mating type 304L stainless steel ConFlat (or equivalent) blind flanges, with seals and bolting, shall be used for hydro-testing and leak testing. 
20. The flange joint seals shall be compatible with cryogenic fluids and cold gases at temperatures as low as -424 F Note: As specified in Item 3, a lower operating temperature of -432 F is a contract goal.
21. The CTB2 test tank shall use removable lift rings which thread into the top girth ring to provide an overhead crane hoist capability for test processing. The contractor shall provide the lift rings, with load certifications documented and marked on the lift rings.  Rated lift capacity shall be at least dry tank weight (including flange covers) plus 50%. 
22. The finished tank shall be weighed (accurate within +/- 10 pounds) and the weight metal stamped on the tank name plate. The name plate shall be located on the top dome or cylinder section.
23. The CTB test tank shall be designed to have a total leakage rate of less than 10-8 SCCS of gHe at 50 psig operating pressure and over the operating temperature of +100 F to -424 F. Note: As specified in Item 3, a lower operating temperature of -432 F is a contract goal. 

24. The contractor shall provide documentation and verification of the acceptance test results and the ASME inspection process, including any deviations and their remediation processes. 
25. The finished tank shall have all surfaces de-scaled per ASTM A-380 and passivated per federal specification SAE/AMS QQ-P-35C, or approved equal.

26. The CTB2 tank shall be cleaned of all manufacturing residual dirt, grease, oil or processing debris in accordance with MSFC–SPEC-164B Class V – Visually Clean definition. 
27. Immediately after cleaning, the CTB2 tank shall be sealed for shipment using the corresponding blind flanges and filled with a clean inert gas at 2 - 5 psig.

28. The contractor shall provide one spare set of flange bolting hardware, one blank cover plate, and 5 spare sets of flange seals for each distinct flange type.  
29. For shipping, the CTB2 tank and all spare parts shall be properly supported, anchored, packaged, and protected to prevent damage. Any open tube ends shall be capped.  
30. The delivery of the CTB2 tank at the MSFC, Huntsville, Alabama shall occur on or before 5-Months ARO.

31. Within 7 calendar days of award of contract, the contractor shall provide one copy of his normal in-house fabrication schedule and tank cleaning procedure (for SOW Item 26 above). Weekly thereafter, the contractor shall FAX or E-mail a copy of the progress report, using their normal in-house format. At major fabrication stages, digital camera pictures of the tank shall be E-mailed.

32. Within 14 calendar days of award of contract, the contractor shall E-mail his engineering calculations, weld inspection plan and procedures, welder qualifications, NDE requirements, stress analysis and detail drawings, in PDF format.  This will be the first look at NDE requirements and customer Quality will review for NDE inspectability.
33. The customer will respond with “approved” or “approved as noted” within 5 working days of receipt of the information in line 32 above.  Fabrication shall not proceed until this approval is received. 
34. Within 7 calendar days of fabrication completion, the contractor shall E-mail the drawings and applicable CAD models with as-built dimensions.
35. Customer reserves the right to witness any of the several manufacturing and processing operations in the production of these tanks, on a non-interference basis, for engineering verification purposes.  Where customer approval of a document is specified in drawing general notes, the approvals required shall be obtained before proceeding with manufacturing operations.

36. Any deviations from specified requirements shall be dispositioned by contractual correspondence with the customer.  Explanation of deviations shall be made as clearly as possible in writing, and customer responses shall be provided to the supplier in less than 6 working days after receipt of an acceptably clear description of the deviation.  
37. The CTB2 tank is required to pass an acceptance test program specified in a separate procurement, based on the requirements in this document, and the contractor shall be responsible for transportation to and from the test facility.  Contractor shall be responsible for any modifications to the tank required post-testing to meet the requirements in this document.  
NOTES TO BE SUPPLIED TO THE GENERAL DRAWINGS:
1. Dimensioning and tolerancing shall be per ANSI Y14.5 – 82.  Assembly dimensions apply after all welding and testing is completed.

2. Interpret weld symbols per ANSI/AWS A 2.4 – 98.

3. Chloride containing solvents and/or solutions shall not be used in contact with type 304L stainless steel or its welded assemblies.  This includes marking pens, paints, and electrochemical etching solutions.
4. Vessels shall be proof tested hydrostatically per ASME Boiler and Pressure Vessel Code, Section VIII, Division 1 guidelines.
5. After water hydrotest, all wetted vessel surfaces shall be thoroughly flushed with deionized or distilled water and then dried.
6. Provisions for vessel shipment shall be approved by the customer.
QUALITY ASSURANCE REQUREMENTS:

1. Seller shall maintain a quality control system approved by ASME, verified and certified for design and fabrication of pressure vessels per Section VIII Div 1 of the ASME Boiler and Pressure Vessel Code.  Seller’s Quality Assurance shall ensure that necessary quality and safety requirements are implemented and controls are maintained throughout all phases of design and analysis, fabrication, assembly, inspection, and sell-off.
2. All inspection records and raw material certifications are to be made available for customer review.
3. All welds and weld inspections are to be performed by qualified welders, weld operators, and weld inspectors as defined in the ASME Boiler and Pressure Vessel Code.  Records of qualification are to be maintained and made available to Buyer’s Quality Assurance upon request. All welding inspection records including NDE will be provided in the final data package.
4. Any customer in-process or final inspection does not replace Seller’s responsibility in furnishing an acceptable end item.  Customer reserves the right to perform process assessments; in-process and final inspection at the Seller’s facility and its major subcontract sites. No material or process substitutions, deviations, waivers, quantity variations or splits from the purchase order may be made without prior written authorization from the Customer.
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