Attachment 1


Statement of Work

Self-Sustaining High Temperature Synthesis Combustion for Contingency Sterilization of a Mars Sample Study
1. Introduction

The Mars Sample Return Mission, as currently planned, will transport a 0.5 kilogram surface sample from Mars to Earth.  Preliminary Planetary Protection requirements dictate a probability of less than 1:1,000,000 that non-sterilized Mars material will be released into Earth’s biosphere.  The returning sample container and its Earth Entry Vehicle (EEV), which protects the sample container from entry heating and landing loads, would be released on an Earth-intercept trajectory as the parent spacecraft approaches Earth.    The parent spacecraft includes micrometeoroid shielding around the Earth Entry Vehicle (EEV) for the interplanetary transit, but current plans call for releasing the EEV from the spacecraft four days before Earth entry.  In those four days, there is an estimated 1:100,000 risk of being struck by small meteorites or debris in a way that compromises the integrity of the sample container during entry, violating the planetary protection requirement.  The micrometeoroid shielding must thus be carried all the way to atmospheric interface, or another alternative must be developed. 
To retain the simplicity of the EEV release, it would be desirable to have a contingency method to sterilize the sample in the unlikely event of a critical impact after shielding ejection.  The sterilization system should be passive, stable, lightweight, simple, and extremely reliable.  These requirements could be met using a multi-layer, self-sustaining high temperature synthesis (SHS) combustion material.

A feasibility study would analytically address key implementation questions and build a proof-of-principle model to demonstrate the technology.
2. Scope

Given system design parameters, the University Partner will trade off and recommend an optimal material for contingency sample return sterilization, and provide input to system design studies for the optimal deployment of that material.  Additionally, the University Partner will demonstrate in the laboratory that SHS technology has the potential to sterilize an appropriately sized sample.
3. Description of Task

3.1 Material Trade

The partner shall perform a trade-off and recommend an optimum SHS material for bringing all 0.5 Kg of simulated Mars rock to a temperature not less than 500ºC lasting at least 0.5 seconds.  This must occur in no more than 10 seconds.  The selected material shall be one that has been previously space qualified.  It shall have an ignition temperature not more than 1200ºC nor less than 500ºC.  The out-gassing properties of this material must be in accordance with NASA Reference Publication 1124 relative to Planetary Protection requirements.  It shall minimum mass and volume.
3.2 Material Selection

The partner shall provide material properties information on the optimum space qualified SHS materials including, but not limited to, reaction mixture, burn time and temperature, specific heat, heat/energy of combustion, lay-up, potential ignitions systems, risks of unplanned ignition, mass properties, structural properties, hot and cold operating temperature limits, hot and cold storage limits, ignition temperature and risk of ignition from impact.
3.3 Material Deployment

The university partner shall recommend appropriate deployment for the selected SHS system.  Deployment descriptions shall include all parameters and processes required to deploy the SHS material as an integral part of the spacecraft’s sample container.  These parameters and processes shall include, but are not limited to, thickness specification, fabrication/lay-up parameters, any heterogeneous ignition sources, hazardous handling procedures, appropriate coatings and treatment, sample container preparation.
3.4 Proof of Principle

The university partner shall design and execute an experimental proof of principle demonstration to verify that the recommended material and deployment are capable of achieving the required specimen heating in a realistic sample container configuration.  Design and execution shall include all materials, processing, fabrication, integration, execution, data acquisition, facilities and disposal.

4. Task Deliverables

4.1 Kick-off Meeting

The partner shall participate in a kick-off meeting to be held at the partner’s facility.  Topics to discuss are (i) the range of SHS reaction stoichiometries to be tested, (ii) the experimental plan, (iii) the tasks to be conducted and timeline.
Delivery:  Within (1) week after award date 
4.2 Interim Status Review
The partner shall provide a mid-term status review to the contract task monitor that details progress towards task completion and technical risks or issues identified by the partner.  This may take the form an on-site informal review or tele/video conference per government preference.
Delivery: Three (3) weeks after award date

4.3 Feasibility Study Review
The partner shall provide a status review to the contract task monitor that details the final results of the Feasibility Study.  If results warrant this review shall also serve as the initial review for the Proof of Principle Demonstration.  This may take the form an on-site informal review or tele/video conference per government preference.
Delivery: Six (6) weeks after award date

4.4 Final Review and Final Report

The partner shall provide a final review and formal final report to the contract task monitor that formally documents the results of both the Feasibility Study and the Proof of Principle Demonstration.

Delivery: Nine (9) weeks after award date

5. Schedule

The contract period of performance shall not exceed nine (9) weeks after award date.

