STATEMENT OF WORK

Lunar Surface Thermal Control Study SOW


Exploration architecture options for the lunar transportation system include a lander ascent stage with liquid oxygen/ liquid methane propellant (ref. ESAS report, with government updates provided at the study kickoff meeting). A Lunar Lander (LL) may be required to operate for as long as 219 days with a surface stay of 210 days.  Since heat leak into the propellant tanks cannot be eliminated, there is a risk of not having sufficient propellant to perform the mission due to excessive propellant boiloff.  Thus adequate propellant to accommodate propellant boiloff loss must be loaded in addition to the usable propellant.  The purpose of this study is to investigate candidate thermal control systems for a conceptual LL ascent module which would minimize the mass of boiloff loss and the overall mass of the hardware required to implement the system.  At least three thermal control systems shall be traded in order to determine which is the most promising candidate.

1.0 Project Management
The Contractor shall perform management functions and establish a management structure to plan, direct, and integrate all activities required by this Statement of Work (SOW) to assure compliance with technical, schedule, and financial commitments of the contract. The Contractor shall include a process for the timely disposition of issues and provide for the reporting of technical data and financial management data as required.  The Contractor shall utilize established management structures and assign a Project Manager (PM) with the authority to direct contract activities. The PM shall assure that the technical, schedule and cost requirements of this contract are fully met.

1.1 Work Plan

The Contractor shall provide a Work Plan for the initial kickoff meeting as defined below.  The Contractor shall revise the Work Plan as deemed necessary by either the Contractor or NASA COTR during the period of contract performance.  The Work Plan shall include a Work Breakdown Structure (WBS).  The Work Plan shall be approved by the NASA COTR.
a. Introduction/Objectives

b. Background

c. Technical Approach (including analytical tools to be used, the limitations of the tools/analytical techniques, and assumptions.

d. Performance (Key Study Parameters)

e. Resource requirements (including skill mix)

f. WBS

g. Schedule

h. Security Plan

1.2 Resource Planning

The contractor shall support special requests for budget impacts.  

1.3 Programmatic and Technical Reporting

The Contractor shall provide a monthly progress report as described in section 3.3.

The Contractor shall provide a written final report as defined in section 3.3.
1.4 Meetings and Reviews

1.4.1 Team Meetings

The contractor shall participate in a monthly status meeting with the COTR to discuss programmatic and technical progress as well as programmatic and technical issues.  These meetings shall be conducted via teleconference.

1.4.2 Technical and Business Meetings

The contractor shall provide presentation charts for and support at least 3 reviews and meetings at MSFC.

1.4.3 Other Meetings and Reviews

The contractor shall support the reviews identified in the milestones below.  The contractor shall provide for subcontractor participation where necessary.
1.4.3.1 Milestones
Contract Award



6/03/08
Study Kickoff Meeting



6/10/08

Approved Study Criteria/Storage Concepts


6/24/08
Phase 1 Review

 

7/01/09

Phase 2 Review



6/03/10
1.5 Data Management

The contractor shall perform data management for the contract deliverables including documentation (in any media), automated databases, analytical data, and related products. 

Although not anticipated, during the course of this study, the contractor may have access to NASA sensitive data.  All contractor personnel (and subcontractor personnel) shall sign the standard NASA non-disclosure agreements.

2.0 Lunar Surface Thermal Control Study Description

The purpose of this study is to identify the most promising thermal control/propellant storage system which will minimize propellant boiloff loss on a conceptual LL ascent module, while minimizing hardware mass impact to and power required from the vehicle.  In Phase 1 which is the Base effort, candidate systems will be identified, analyzed, and traded based on a pre-set evaluation criteria for a polar outpost lunar surface stay.  Phase 2 is composed of two options.  In Option 1, the same three systems traded in Phase 1 will be analyzed with respect to thermal performance during the mission phases from Low Earth Orbit (LEO) entry through the completion of lunar landing.  In Option 2, the same three systems traded in Phase 1 will be analyzed for a Sortie Mission scenario for the mission phases from LEO entry, through the lunar surface stay, and up to the lunar ascent burn. 

2.1 Study Objectives

The primary objectives of this study are to:

1. To trade different tank thermal control/propellant storage configurations over the entire ascent module life with the emphasis on the lunar surface stay.

2. Determine which candidate system is the best with respect to (but not limited to) the following factors:
a. Maintaining the required amount of propellant for ascent from the lunar surface as well as the descent abort scenario performed by an ascent module.
b. Maintaining the propellant at the conditions required to meet engine start box conditions for all mission phases including the descent abort scenario performed by an ascent module.
c. System Mass

d. Power Required

e. Technology Readiness

f. Technical Complexity
g. Operational Complexity

h. Requirement for New Facilities
i. DDT&E Cost

2.2 Study Requirements

2.2.1 Study Constraints

1. The same generic mission profile, provided by the government, shall be used for all concepts traded.
2. The contractor must have analytical tools and capability in hand.  No project time and resources are allocated to procure tools.
3. The propellants analyzed for this study shall be liquid methane (LCH4) and liquid oxygen (LO2) with a gaseous helium (GHe) pressurization system.  The gaseous helium (GHe) shall be stored at the LCH4 propellant temperature.

4. Only one candidate system using all SOA technology (out of the 3 possible candidate systems) is allowed in the trade.

5. One candidate system shall use propellants which are loaded densified (liquid temperature reduced to a value below its saturation temperature at 14.7 psia).

6. Any possible crew involvement shall be identified (e.g. deploying a shield) in a given scenario.  (Crew time or human factors studies are not within the scope of this effort.)

7. Although this study is independent, the government reserves the right of approval regarding:

· Systems to be traded

· Assumptions

· Mission Scenario

· Environments during mission phases

· Operating conditions such as flow rates, pressures, temperatures.

· Tank geometry

8. All margins applied to inputs and outputs of analyses shall be identified in the study documentation.

9. The contractor shall provide its interpretation of the requirements provided by the government, including its assessment of the derived requirements.
2.2.2 Phase 1:  Polar Outpost Mission (Base Effort)

The period of performance for the Base Effort is 13 months.  Three candidate systems will be traded in order to determine which system performs the best on the lunar surface with respect to the specified evaluation criteria in Section 2.3.  

2.2.2.1 Define at least 3 candidate systems to trade.
2.2.2.2 Define assumptions made for each system.
2.2.2.3 Information provided by the government:

· Lunar surface landing site and stay time

· Engine start box or required tank storage conditions for the lunar ascent burn.

· Required propellant mass prior to the lunar ascent burn

· Required propellant temperature and pressure prior to the lunar ascent burn.

· Minimum ullage volume required in the propellant tanks prior to ascent burn.

· An estimate of the propellant properties at lunar landing.

· Propellant Mass

· Propellant Temperature

· Propellant Pressure

· Ullage Volume

· A generic system packaging envelope in stowed configuration (although the system shall be analyzed in the deployed configuration.)

2.2.2.4 Perform thermal analysis to determine: 

· Tank system heat load during the lunar surface stay while in a deployed configuration.

· Propellant mass and state at the beginning and end of the lunar surface stay, including plots of these properties over time, such that the engine start box and propellant mass requirements just prior to ascent engine burn are met.

· Propellant lost, if any, due to boiloff/venting.
2.2.2.5 Assess power requirements for each concept traded.

2.2.2.6 Assess the system mass for each concept traded.  The mass estimate shall include the mass of components of thermal control/propellant storage system plus the mass impact on other systems in order for the concept to operate.  The estimate shall also include the mass of additional power generating hardware for concepts requiring significant power
2.2.3 Phase 2:  Mission Phases Preceding Lunar Outpost Mission (Option 1)

The period of performance for Option 1 is 5 months.  Although the emphasis of this study is on thermal performance on the lunar surface, a cursory thermal analysis of the concepts in their stowed configurations shall be made for all of the mission phases starting with entry into LEO up to the lunar stay. 

2.2.3.1 The contractor shall provide a list of environment inputs required from the government for the mission phases to be analyzed during Option 1.

2.2.3.2 The same 3 configurations investigated in the base effort shall be used for Option 1.

2.2.3.3 The propellant mass and properties required at the beginning of the lunar surface stay, in order to meet the engine start box conditions at and the propellant mass required for lunar ascent shall be used.

· These are not the estimates provided by the government, but the values determined by the contractor thermal analysis of the lunar surface stay in Phase 1.

2.2.3.4 Define assumptions made for each system.

2.2.3.5 Information provided by the government:

· Representative environments for mission phases leading up to the lunar surface stay.

· Engine burn times and durations

· Coast periods and durations

· When RCS is used and/or duty cycle

· Propellant required for engine burns/RCS

· A generic system packaging envelope in stowed configuration.

· Engine start box or required tank storage conditions for the lunar descent abort scenario.

2.2.3.6 Perform thermal analysis to determine: 

· Tank system heat load during all phases of the mission profile up to the lunar surface stay.

· Propellant mass and state at the beginning and end of each phase of the mission profile up to the lunar surface stay including the temperature that the propellants would need to be upon entry into LEO.

· Propellant lost, if any, due to boiloff/venting.
2.2.3.7 Assess power requirements for each concept traded.

2.2.3.8 Assess the system mass for each concept traded.  The mass estimate shall include the mass of components of thermal control/propellant storage system plus the mass impact on other systems in order for the concept to operate.  The estimate shall also include the mass of additional power generating hardware for concepts requiring significant power.
2.2.4 Phase 2:  Sortie Mission Including Lunar Stay and Mission Phases Preceding It (Option 2)

The period of performance for Option 2 is 6 months.  Option 2 shall include thermal analyses of the three configurations investigated in the Base and Option 1 efforts.  The lunar stay and preceding mission phases, LEO entry up to the ascent engine burn, shall be analyzed. 

2.2.4.1 The same 3 configurations investigated in Phase 1 shall be used for Phase 2.

2.2.4.2 The contractor shall provide a list of environment inputs required from the government for the mission phases to be analyzed during Option 2.

2.2.4.3 Define assumptions made for each system.
2.2.4.4 Information provided by the government:

· Lunar surface landing site location and stay time

· Engine start box or required tank storage conditions for the lunar ascent burn.

· Required propellant mass prior to the lunar ascent burn

· Required propellant temperature and pressure prior to the lunar ascent burn.

· Minimum ullage volume required in the propellant tanks prior to ascent burn.

· An estimate of the propellant properties at lunar landing.

· Propellant Mass

· Propellant Temperature

· Propellant Pressure

· Ullage Volume

· Engine burn times and durations

· Coast periods and durations

· When RCS is used and/or duty cycle

· Propellant required for engine burns/RCS

· Representative environments for mission phases leading up to the lunar surface stay.

· A generic system packaging envelope in stowed configuration

· Engine start box or required storage conditions for the lunar descent abort scenario.

2.2.4.5 Perform thermal analysis to determine: 

· Tank system heat load during the lunar surface stay while in a deployed configuration.

· Propellant mass and state at the beginning and end of the lunar surface stay, including plots of these properties over time, such that the engine start box and propellant mass requirements just prior to ascent engine burn are met.

· Tank system heat load during all phases of the mission profile up to the lunar surface stay, while in a stowed configuration.

· Propellant mass and state at the beginning and end of each phase of the mission profile including the temperature that the propellants would need to be upon entry into LEO.

· Propellant lost, if any, due to boiloff/venting.
2.2.4.6 Assess power requirements for each concept traded.

2.2.4.7 Assess the system mass for each concept traded.  The mass estimate shall include the mass of components of thermal control/propellant storage system plus the mass impact on other systems in order for the concept to operate.  The estimate shall also include the mass of additional power generating hardware for concepts requiring significant power.
2.2.4.8 Based on the study results, if the same concept is not favored in the Base, Option 1, and Option 2 efforts, the contractor shall provide recommendations as to which of the three systems would be the best for both the Lunar Outpost and Sortie missions while performing at an acceptable level for the mission phases leading up to the lunar surface stay.
2.3 Evaluation criteria and weighting factors used during the Base effort and both options shall be approved by the government.  A minimum set of factors shall consist of, but not be limited to, the following:

1. Total Propellant Mass




2. Tank System Hardware Mass

3. Mass of Hardware Added to Other Systems




4. Power Required




5. Thermal Performance

6. Technology Readiness



7. Technical Complexity




8. Operational Complexity



9. DDT&E Cost
10. Requirement for New Facilities

2.4 Schedule and Reviews

The schedule and reviews for Phase 2.
Contract Award






6/03/08
Study Kickoff Meeting






6/10/08

Approved Study Criteria and Requirements Assessment

6/24/08
Phase 1 Complete 






6/03/09

Phase 1 Report and Presentation




7/01/09

Phase 2 Complete






5/06/10

Phase 2 Report and Presentation




6/03/10

3.0 Data Requirements

3.1 Data Deliverables

The contractor shall conduct the necessary efforts to ensure all data, required and deliverable, for this task is prepared and managed in accordance with this contracted effort.  Data shall be made available to the government in hardcopy and electronic form. Communication of the data may include on-site reviews, electronic data transfer, or other means used to provide information in advance of activities, to report status, and to document formal reviews, requirement compliance.  
3.2 Type Definition

The following definitions apply to “Type” column in Section 3.3 of this SOW.

Type 1 – Approval: NASA Approval required. The Contractor shall not implement the document until NASA approval is granted.

Type 2 – Reviews: NASA Review required. The Contractor may implement the document if not notified of corrective actions within 21 calendar days after receipt by NASA.  All NASA identified corrective actions must be resolved before continuing with document implementation.

Type 3 – Information: No NASA action required.

3.3  Deliverables

Contractor shall deliver all DRDs under Section J-2-9 of this contract. The Government reserves the right to approve DRDs in accordance with paragraph 1.3 of section J-2-3.
	Document
	Due Date
	Quantity
	Type

	Monthly Report
	10th of each month
	1 hardcopy 

1 electronic in MSWord
	3

	Phase 1 Report
	7/04/09
	1 hardcopy 

1 electronic in MSWord
	2

	Phase 1 Review Presentation Package
	7/04/09
	1 hardcopy 

1 electronic in MSPowerpoint
	2

	Phase 2 Review Presentation Package
	5/06/10
	1 hardcopy 

1 electronic in MSPowerpoint
	2

	Phase 2 Report
	6/03/10
	1 hardcopy 

1 electronic in MSWord
	2


The content requirements for the documentation deliverables identified in this Statement of Work are described in the following paragraphs:

TITLE:  Monthly Report


A monthly report shall document the programmatic and technical progress made during the month and document any issues.
1. Monthly technical progress

2. Issues and issue mitigation plans

3. Accomplishments

4. Analysis results

5. Upcoming work
TITLE:  Phase 1 Report


A formal study report shall document the results from Phase 1 of the study and shall include, but not be limited to the following information:

1. Complete description of the systems analyzed.

2. Mass statement for each system analyzed.

3. Geometry for each system analyzed.
4. Assumptions made for the study.
5. Description of the analysis techniques used for the study.

6. Thermal analysis results.
7. Listing of the evaluation scores for each concept.
8. Conclusions and recommendation.
TITLE:  Phase 1 Review Presentation Package


The interim review presentation package shall be a summary of the Phase 1 Report and shall include:

1. Description of the systems traded.

2. Mass and Geometry summary of all of the systems traded.

3. Study assumptions

4. Analysis approach

5. Sample of analysis results

6. Evaluation scores for each concept.

7. Conclusions and recommended system.

TITLE: Phase 2 Review Presentation Package


The final review presentation package shall provide the results from Phase 2 of the study and shall include:

1. Brief description of the systems traded

2. Study assumptions

3. Mass and Geometry summary of all of the systems traded.

4. Summary of the environments used during all mission phases

5. Analysis approach.

6. Sample of analysis results.
7. Evaluation scores for each concept.
8. Compare Phase 1 results to Phase 2 results.
9. Conclusions
TITLE:  Phase 2 Report


The final report shall include a brief summary of the Phase 1 effort followed by detailed documentation of the Phase 2 effort.  It shall include:

1. Complete description of the systems analyzed.

2. Mass statement for each system analyzed.

3. Geometry for each system analyzed.

4. Description of the environments used during all mission phases.
5. Assumptions made for the study.
6. Description of the analysis techniques used for the study.

7. Thermal analysis results.
8. Listing of the evaluation scores for each concept.
9. Discussion of the implications if the system found favorable for Options 1 and 2 is not the same as the system found favorable for the Base effort.

10. Conclusions and recommendations
J-1-1

