Redline SOW dated 05/26/04


Attachment J-1

Statement of Work

For

Development of an Early Flight Fission - Test Facilities (EFF-TF) Liquid Metal Purification Loop

Introduction and Required Elements:

1.0
Background

The Marshall Space Flight Center (MSFC) is conducting research and examining the feasibility of non-chemical advanced propulsion systems for in-space propulsion.  While the U.S. has expertise in fission systems from the nuclear power industry, it has not used this technology in a space flight program for 35 years.  Technology for fission-based subsystems has advanced tremendously in the last 35 years and   MSFC is in the process of identifying the appropriate technology and determining the feasibility of using this technology through hardware based assessments. MSFC has completed a long test series that demonstrated the thermal environment of a fully loaded core concept through non-nuclear testing.  Specifically, MSFC used resistance heaters to simulate the heat from fission. Currently MSFC is working in conjunction with the Los Alamos National Laboratory to develop and test 3 realistic prototypic reactor concepts that can be used for early space flight systems.  The purpose of this contract is to advance the EFF-TF capabilities in prototypic testing to levels required for flight qualification and validation.   As a result, it is a requirement that the contractor must have demonstrated experience in the following areas:  

· Both hands-on hardware experience, as well as managerial expertise in non-nuclear testing of nuclear space flight systems that have resulted in flight. This includes experience, knowledge, and demonstrated expertise in the areas of Space Nuclear Reactor Power System assembly/installation, inspection, acceptance, procurement, shipping, and qualification testing of flight units. 

· Both hands-on hardware experience, as well as managerial expertise with actual nuclear testing of space fission reactor units that have resulted in flight. Specifically, must have experience, knowledge, and demonstrated expertise in the following areas: Systems Assembly, Non-nuclear Component and Systems Qualification, and Nuclear Systems Acceptance Testing.
· Hands on experience, knowledge, and demonstrated expertise in the design, development, fabrication, testing and analysis of flowing alkali metal system.  Specifically, this must relate to the handling and purification of sodium and sodium/potassium mixtures for applications to space nuclear power systems that have resulted in flight.

2.0
Tasks

Task 1.   The Contractor shall perform a theoretical analysis for a candidate liquid metal purification system capable of producing less then 5 ppm oxygen (target value of 1 ppm) content in both Sodium (Na) and Sodium/Potassium (NaK) mixture.  Include theoretical assessment of a technique to determine impurities levels in the purification system flow loop (during processing) with a resolution of 5 ppm or better (target value of 1 ppm).  The contractor shall produce a report that documents the results of this effort in accordance with DRD 1048MA-001.  The contractor shall receive 10 % of the contract value after completion of this effort. 
Task 2.  The Contractor shall generate detailed engineering layout and fabrication drawings for a stand-alone turnkey liquid metal purification system capable of producing 1) Sodium 22wt %-Potassium 78wt% (NaK) mixture, and 2) Sodium 100wt % (Na), with less than 5 ppm oxygen content (target value of 1 ppm) in the liquid metal. The loop should be designed with two primary assemblies 1) a purification loop and 2) a dispensing station (located in an inert gas-atmosphere glove box) that will allow for filling test volumes and low flow rate component level testing (actual component testing is not part of this contract). Specifics for the purification loop include: flow rate of approximately 10 to 20 gpm, pressure rise of 5 to 15 psi, operating temperatures up to 300 oC, a nominal purification loop to be diameter of 0.5 inches. Also, as a minimum the liquid metal purification system should include the following components: liquid metal pump, flow meters, pressure transducers, liquid level sensors, plugging meter, reservoirs, valves, and traps; the liquid metal purification system should also include conditioning equipment necessary to prepare the flow purification loop.– The contractor shall deliver a report documenting the engineering design, parts lists, and calculations showing that the design will meet the purification levels in accordance with DRD 1048MA-001. Upon design and documentation approval by MSFC the contractor shall receive 40 % of the contract value after completion of this effort. 

Task 3.  The Contractor shall fabricate the complete turnkey purification loop designed under task #2.  The system shall be checked out with NaK before sodium. Generate detailed documentation covering the purification loop 1) construction, 2) operating procedures, 3) performance, and 4) maintenance requirements – The contractor shall deliver documentation regarding the liquid metal purification system after purification loop fabrication and checkout are completed in accordance with DRD 1048MA-001. The contractor shall receive 10 % of the contract value after completion of this effort.  
Task 4.  The Contractor shall perform high purity alkali metal fill of 50 to 100 sample cylinders (35 to 70 grams each) and 2 to 4 bulk storage canisters (3 to 6 kg each) of purified sodium at purity levels required in task #1; these shall be shipped to MSFC. MSFC shall provide sample cylinders and bulk storage canisters to the contractor; the contractor shall use the purification loop in task #3 to fill these components with purified sodium.  The contractor shall deliver required material with documentation regarding the purification levels. Following acceptance by MSFC of delivered samples, contractor will deliver purification loop to MSFC in accordance with DRD 1048MA-001.  The contractor shall receive 10 % of the contract value after completion of this effort.  
Task 5.   The Contractor shall develop an engineering layout with fabrication drawings for a 1-inch diameter liquid metal system capable of both purification at Task #1 levels and component test with higher flow rates (up to 2 kg/sec sodium/NaK/Lithium), pressures (15 to 45 psi), and higher temperatures.  Temperatures limits would be set based on system material, which includes options for 1) stainless steel (700 oC or higher) and 2) refractory metal (Nb1Zr) (1000 oC or higher).  Develop detailed parts lists (components, sensors and support equipment), assembly procedures, and checkout/operations procedures.  Also include estimated cost for 1) components/parts, 2) fabrication/assembly and 3) procedure for full system checkout.  The contractor shall examine the overlap between the two system material options and weigh the benefits of each related to the successful progression of testing.  The contractor shall deliver reports documenting the engineering design (with options), performance (with options), and component/parts breakdown (with options).  The contractor shall deliver a report which includes fabrication drawings and a description for the system (including a fabrication, assembly, and operations sequence) in accordance with DRD 1048MA-001.   The contractor shall receive 10 % of the contract value after completion of this effort.

Task 6.  The Contractor shall prepare a final report in accordance with DRD 1048MA-002. 
a. 
b. 
c. 
d. 
The contractor shall receive 20 % of the contract value after completion of this effort.

3.0
Period of Performance

Date of contract award through 18 months.




4.0 Data Deliverables

The contractor shall report and document this work and fulfill the requirements of associated DRDs as outlined in DPD 1048 (Attachment J-2):

The contractor shall prepare an Information Technology Security Plan that documents how the contractor and subcontractor personnel will utilize, in a secure manner commensurate with sensitivity of the information involved, those Federal computer systems and software applications managed by others. The security plan shall be based on an assessment of risks and document the safeguards necessary to ensure sufficient electronic information availability, integrity, and confidentiality as required by NPR 2810.1.  The contractor shall prepare the information technology security plan in accordance with DRD 1048CD-001.

The contractor shall provide technical information concerning any invention, discovery, improvement, or innovation made by the contractor in the performance of work under this contract. Technology Reports shall be prepared in accordance with DRD 1048CD-002.

The contractor shall prepare and maintain a report identifying and listing all equipment, tools, etc., provided by the Government for use by the contractor in the performance of contracted effort, and for which the contractor has been given physical custody.  This report shall be prepared and maintained in accordance with DRD 1048LS-001.

