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1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 Statement of Work (SOW) for LO2/Ethanol Vacuum Jacketed Tank and Feedsystem
The purpose of this SOW and specification is to procure an ASME tank and feedsystem that will be used to test 3 reaction control system thrusters as an integrated system in order to advance technology for a non-toxic auxiliary propulsion system. The basic principle of operation for this system is the use of pressurized subcooled LO2 and ethanol propellants. The  LO2 is kept subcooled by using multi-layer insulation in a vacuum environment. A vacuum jacketed propellant run tank will be used to simulate the flight vehicle tank.  The vacuum jacketed feedsystem will be capable of simulating different line lengths of a vehicle by selectively configuring valves.  A vacuum jacketed accumulator, provide as GFE by NASA, will be used to maintain propellant pressure during transients as required at the engine interface for vehicle configurations that need to distribute propellant over long distance.  The NT APS test article will be able to demonstrate both of these principles of operations. As shown in figure figure 1,  the end item is a propellant tank, feedsystem, and support frame.  The LO2 and ethanol systems are identical.  Note that quantity 2 of these will be manufactured.  In addition spare hardware is requested in the statement of work. 
8.1.1 

8.1.2 
8.1.3 
8.1.4 
8.1.5 
8.1.6 
8.2 The contractor shall provide design, analysis, and drawing documentation for a cryogenic tank and feedsystem per the specifications, envelop drawings, and schematics attached.  The data package will be provided at a preliminary design review at 30 days from contract start in accordance with data requirement description (DRD) #2 and a critical design review 60 days from contract start in accordance with DRD #3. The design reviews will be held either at WSTF in NM, or at MSFC in Huntsville.  The contractor shall also support 2 site visits to WSTF and Houston Texas for planning.   The contractor shall resolve any discrepancies with design prior to start of fabrication of the end items.
8.3 The contractor shall fabricate two identical propellant tank and feedsystems, one for liquid oxygen and one for ethanol service per the end item specification.
8.4 The contractor shall fabricate long lead piece parts necessary to assemble a spare tank that can be used either as a LO2 tank or an ethanol tank.  Final welding of piece parts is not required. 
8.5 The contractor shall fabricate two identical (ox and fuel) main propellant lines with isolation valves, one for liquid oxygen and one for ethanol.   

8.6 The feedlines fluid interfaces will utilize one 1.5 inch NPS bayonet connections (LHe service insulation) and 2 AN fittings per figure 2.

8.7 The contractor shall provide ports for pressure transducers, high point bleed, relief valves and shall install thermocouples as specified in end item spec.
8.8 The contractor shall weld the accumulator, (SMN24-100269, to be furnished by the government)  into the feedsystem as shown in figure 1 and 2.  
8.9 The contractor shall fabricate the support frame for each tank per drawing SDN24-100274. 

8.10 The contractor shall fabricate the secondary support structure for the lines to attach to support frame. 

8.11 The contractor shall perform a heat leak test of the propellant tanks prior to delivery at White Sands Test Facility (WSTF) in Las Cruces, NM.  The testing may be performed with LN2 and must be performed over a time period that allows verification within 5%. 
8.12 The contractor shall assemble the LO2 tank, feedsystem, and support frames at the as a single unit for shipping to WSTF.   The contractor shall design the end item and shipping containers for transportation to WSTF. 
8.13 The contractor shall assemble the ethanol tank, feedsystem, and support frames at  the vendor facilities as a single unit for shipping to WSTF.  The contractor shall design the end item and shipping containers for transportation to WSTF. 
8.14 
8.15 Written procedures, including purges, for cleanliness during final assembly welding shall be submitted to the government at CDR for approval.  These procedure may require a representative of NASA to be present during certain stages of the manufacturing and cleaning processes.
8.16 The contractor shall perform tests to verify proof pressure, cleanliness, leak, electrical, and instrumentation integrity prior to shipping.
8.17 The contractor shall perform a pressure drop test across the test article using liquid nitrogen.
8.18 The contractor shall provide a monthly progress report, as well as support a 1 hour telecon tag-up every two weeks.  
8.19 The contractor shall deliver the end items 7 months after contract start.  
8.20 Documentation Delivery


DELIVERY SCHEDULE
	
	Deliverables
	Qty
	Total Price
	Schedule

	1
	Monthly Status Report
	2
	
	See DRD # 1

	2
	Preliminary Design Review Package
	2
	
	See DRD #2

	3
	Critical Design review Package
	2
	
	See DRD #3

	4
	Tank and Feed-system Assembly Acceptance data package
	2
	
	See DRD #4

	5
	Notification of problem
	
	
	As needed


8.21 The Offeror shall be an ISO 9001 certified vendor. 
9.0 Definitions and Applicable Documents

9.1 Definitions 
Maximum Operating Pressure (MOP) is defined as the maximum operating pressure that the fluid systems, including engine valves, is expected to operate under.)
Maximum Allowable Working Pressure:  (MAWP) is defined as the maximum pressure that the system or component can be subjected to and not sustain damage, but is not expected to operate. This will be used for the relief valve settings. 
10.0 
10.1 Applicable Documents

The following documents are referenced throughout this systems requirement document.  In the event of a conflict between the referenced documents and the contents of this systems requirement document, the contents of this SRD shall supersede all other documents.

ISO-9001
Quality Systems 

ASME-BPVC8 Div 1
ASME Boiler and Pressure Vessel Code, Section VIII, Division 1, latest edition

ASME A13.1
Scheme for the Identification of Piping Systems

ASME B31.3
Process Piping

O-E-760D
Type 3C, Grade A per 27 CFR 21.37 
Ethyl Alcohol (Ethanol); Denatured Alcohol; Proprietary Solvents and Special Industrial Solvents

MIL-PRF-25508F
Propellant, Oxygen

MIL-PRF-27401B
Propellant Pressurizing Agent, Nitrogen

MIL-PRF-27407B
Propellant Pressurizing Agent, Helium

MIL-STD-1246C
Product Cleanliness Levels and Contamination Control Program

MSFC-SPEC-164 
Cleanliness of components for Use in Oxygen, Fuel and Pneumatic Systems

NFPA 50
Standards for Bulk Oxygen Systems at Consumer Sites

NFPA 70
National Electric Code

NFPA 496
Standard for Purged and Pressurized enclosures for electical equipment in hazardous locations

MIL-STD-100
Engineering Drawing Practices



NPG 6000.1E
Requirements for Packaging, Handling and Transportation

MIL-STD-889
Dissimilar Metals

MIL-STD-1246
Product Cleanliness Levels and Contamination Control Program

MSFC-SPEC- 222
Specification Resin Compounds, electical and environmental Insulation, Epoxy

MIL-C-5015
Connectors, Electrical, Circular Threaded, AN type

MIL-W-22759
Wire, Electrical, Fluoropolymer-Insulated, Copper or Copper Alloy

NASA-STD-5008
Protective Coating of carbon steel, stainless steel, and aluminum on Launch structures, facilities, and ground support equipment

MSFC-STD-486
Threaded Fasteners, Torque Limits,  Standard for

NASA-STD-5005a
Ground Support Equipment
(for reference)

NSTS -SN-C-005
Contamination Control Requirements
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Figure 1. One shown: Propellant tank, feedsystem, and support frame [Note: Quantity 2 of these is required]. The LO2 and ethanol systems are identical
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Figure 2  Reference NT APS Ground Test Article Fluid System. (One shown, each identical)
	11.0 End Item Specification

11.1 Liquid Oxygen and Ethanol Propellant Tanks

	11.1.1 
	The total heat leak (for LO2) into the propellant tank shall be less than 45 BTU/hr including supports, instrumentation, and ports
	

	11.1.2 
	The propellant tank shall be capable of operating at up to 375 psia maximum operating pressure (MOP).
	

	11.1.3 
	The propellant tank shall be sized for 500 gallons of propellant.with a 10% ullage
	

	11.1.4 
	The propellant tank shall each be equipped with one 1.5 inch NPS outlet at the bottom to connect to the VJ feedline with vacuum continuous between tank and line to minimize heat leak per DWG SLN24-100266.
	

	11.1.5 
	The propellant tank shall be equipped with a delta-pressure (continuous liquid level) sensor, installed by the vendor per DWG SLN24-100266.
	

	11.1.6 
	The propellant tanks shall each be equipped with a discrete level sensor shall, installed by the vendor per DWG SLN24-100266.  The sensor shall provide indication when the tank fluid level is 0%, 5%, 95%, and 100% of the 500 gallon usable capacity.
	

	11.1.7 
	The propellant tank shall be equipped with one 3 inch port at the top per DWG SLN24-100266.
	

	11.1.8 
	The propellant tank shall be equipped with one 1 inch fitting at the top for GHe pressurant per DWG SLN24-100266.
	

	11.1.9 
	The propellant tank shall be equipped with propellant bulk temperature measurement to be made at the bottom, mid-point, and 95% to the top of the tank.
	

	11.1.10 
	The propellant tank shall be equipped with one vent and pressure relief port with valve per DWG SLN24-100266.  This port and relief valve shall be sized for pressure relief in the event of fire 
	

	11.1.11 
	The propellant tank shall be supported on three legs and interface with the feedsystem structure per DWG SLN24-100266.
	

	11.1.12 
	The propellant tank inner vessel shall be designed, fabricated, inspected, tested and stamped in accordance with ASME Boiler and Pressure Vessel Code, Section VIII, Division 1, latest edition for an MAWP of 415 psia between 143R and 600 R.
	

	11.1.13 
	The propellant tank shall be designed to control pressurant inlet flow effects on propellant condition by utilizing a diffuser that spreads flow out radially.  This diffuser shall not be submerged when the tank is at 100% or 500 gallon capacity.
	

	11.1.14 
	The propellant tank shall prevent propellant vortexing or its detrimental effects.
	

	11.1.15 
	The propellant tank pressure vessel shall be spherical.
	

	11.1.16 
	The external vacuum enclosure shall be stainless steel. 
	

	11.2 Piping

	11.2.1 
	The piping shall be capable of a maximum operating pressure (MOP) of 375 psia.
	

	11.2.2 
	The piping shall be capable of a MAWP of 415 psia per ASME piping code B31.3
	

	11.2.3 
	The piping shall conform to the layout and mechanical interfaces per DWG SLN24-100270.  The lengths of individual segments between valves shall be within +/- 1 inch
	

	11.2.4 
	The average heat leak, including heat leaks from valves, supports, and instrumentation ports, shall be less than 1.25 Btu/ft/hr averaged over the entire test article feedsystem, from the tank to the thrusters, including long transfer line segments.
	

	11.2.5 
	The average heat leak, including heat leaks from feedlines, valves, bayonets supports, and instrumentation ports, shall be less than 5.22 Btu/ft/hr averaged over the short line (aft) configuration of the test article, from the tank to the thrusters, not including long transfer line segments.
	

	11.2.6 
	All piping shall include ports/lines for pressure relief for all segments that may be isolated while containing propellants. The ports/line diameters shall be adequately sized for flowrates corresponding to failure of vacuum-jacketing and length and volume of line.
	

	11.2.7 
	The feedline shall incorporate high point bleeds that will use the same line as the relief valve and pressure transducer port/line.   
	

	11.2.8 
	The piping shall be equipped with six (6) redundant RTD surface temperature measurements on the outside of the internal pipe, totaling twelve (12) RTDs. Note that RTD’s shall be attached to the hardware at the locations specified in the referenced drawings either by welding or another method approved for LOX service.  Locations will be specified at contract start prior to PDR.
	

	11.2.9 
	The piping shall incorporate one LO2 and one ethanol accumulator provided as GFE per drawing SMN24-100269 and SMN24-100268.
	

	11.2.10 
	The LO2 and ethanol feedsystem structural mounts and tie downs shall be designed to withstand thermal contraction and expansion.
	

	11.2.11 
	Feedlines shall incorporate bellows expansion/contraction joints to account for thermal effects associated with expected propellant condition ranges.
	

	11.3 Isolation Valves

	11.3.1 
	The valves shall be 1.5 inch NPS with a minimum Cv of 34.
	

	11.3.2 
	All isolation valves in the feedsystem and RCE stinger shall be vacuum-jacketed LHe service insulation.
	

	11.3.3 
	Feedsystem and RCE stinger isolation valves shall be fail-closed valves.
	

	11.3.4 
	The valves shall be capable of being remotely actuated using pneumatic actuators.
	

	11.3.5 
	Feedsystem and RCE stinger isolation valves shall include a position indicators that indicates the two positions, open and closed.
	

	11.4 Design and Construction

	11.4.1 
	The oxidizer fluid system components shall use materials compatible with LO2 (143 R minimum), GO2 (600 R maximum), LN2 (143R minimum), GN2 (600 R maximum), HFE7100, ethanol and isopropyl alcohol (500 R minimum, 600 R maximum), and GHe. 
	

	11.4.2 
	Safety factor:  All test article components shall be designed using a minimum safety factor of 2 against yield or permanent deformation and 3 against ultimate failure or collapse.
	

	11.4.3 
	Pressure Vessels:  All ASME code stamped vessels shall be registered with the National Board of Boiler and Pressure Vessel Inspectors.
	

	11.4.4 
	Vacuum-jacketing:  All vacuum-jacketed components shall allow periodic remote monitoring of VJ annulus vacuum level, between and during testing.
	

	11.4.5 
	Vacuum-jacketing:  All vacuum-jacketed components shall include a minimum of 30 layers of multi-layer insulation (MLI) in the annulus and be designed for LHe service.
	

	11.4.6 
	LO2 systems safety:  LO2 fluid systems and components shall be designed and operated according to NSS 1740.15 (Jan 1996) or  equiv. ASME standard.
	

	11.4.7 
	Drawings:  All drawings shall be per Mil-STD-100 or equivalent.
	

	11.4.8 
	Passivation/anodization shall be performed per MSFC-STD-250.
	

	11.4.9 
	Item Identification and Traceability:  The major components of the NT APS Test Bed shall be identified, marked, and tracked. 
	

	11.4.10 
	Operating Pressure: The maximum operating pressure (MOP) of the test article fluid systems shall be 375 psia. *(Note:  MOP is defined as the maximum operating pressure that the fluid systems, including engine valves, is expected to operate under.)
	

	11.4.11 
	Maximum Allowable Working Pressure:  The maximum allowable working pressure (MAWP) of the tank and feedsystem system components shall be a minimum of 415 psia.  
	

	11.4.12 
	The contractor shall control any materials that are not compatible with LO2 during the fabrication, assembly, and welding of the lines to preclude the material remaining in the tank and feedsystem during LO2 operation.   The contractor shall document controls in the written procedures for PDR and CDR.
	

	11.4.13 
	External leakage of each joint for each test article components shall be less than 1x10-4 sccs GHe at maximum operating pressure (MOP) at ambient and planned operational temperatures.
	

	11.4.14 
	Painted surfaces are not preferred. Specification for painted surfaces should follow NASA-STD-5005a for ground support equipment.
	

	11.5 Cleanliness

	11.5.1 
	All tank and feedsystem components and any components that interface with the test article, shall be cleaned to level 100A for LOX, ethanol, and inert gas service per SN-C-005, rev. D.
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End Item:  Tank, Feedsystem, Valves, and Structure Assembly
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