Attachment A

STATEMENT OF WORK

Propulsion and Cryogenic Advanced Development Project (PCAD)

Ascent Main Engine Technology Development


The Exploration Systems Architecture Studies (ESAS) along with multiple other study activities have identified that Liquid Oxygen (LOX)/Liquid Methane (LCH4) propulsion systems are a promising option for some future space vehicles, due to a substantial savings in overall systems mass when compared to conventional hypergolic systems. Although recent work in LOX/LCH4 technology advancement has shown progress, this propellant combination is still considered novel and requires a dedicated risk reduction program prior to proceeding with detailed design, development, and fabrication of an integrated LOX/LCH4 propulsion system.  This present phase of risk reduction will focus on LOX/LCH4 technology in the context of a notional lunar ascent main engine (AME) application.

The AME is expected to be an expendable, high-performance pressure-fed engine with the primary function of powering an ascent module (AM) from the lunar surface to lunar orbit. The lunar missions are assumed to have a maximum on-orbit life and on-lunar polar surface life of approximately 19 days and 210 days, respectively. After the ascent burn, the engine could be required to perform orbital phasing burns.  During descent to the lunar surface, the AME could also be required to perform an abort maneuver that would place the crew module back into a stable lunar orbit. Therefore, the AME is assumed to provide positive separation of the AM from a descent module, at any point in the descent trajectory, which would require the AME to achieve full thrust within a very short timeframe. The AME is assumed to operate at a nominal engine inlet pressure of 325 psia with variable inlet temperature due to the nature of cryogenic propellants. The AME is expected to produce a nominal vacuum thrust of 5500-lbf within +/-100-lbf. For the next two years, the Propulsion and Cryogenic Advanced Development (PCAD) project will focus on the primary technology risks, associated with the LOX/LCH4 AME, as follows:

1. Establishing reliable and robust engine ignition in vacuum conditions.

2. Maximizing vacuum specific impulse (Isp).

3. Establishing the rapid start capability, for the descent abort capability.

4. Establishing the capability for two starts.

5. Establishing the total engine burn-time capability of 550 seconds. 

The goal of this procurement is to mature technology, such that feasibility of a LOX/CH4 AME can be established in support of the Lunar Lander System Requirements Review and Preliminary Design Review.  All of the critical technologies are to be addressed within the period of performance of this contracted effort. 
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 corrective actions 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.

The contractor shall accomplish the management and technical control of interdivisional, subcontractor, and vendor activities required to fulfill the contract requirements. The financial and performance data provided by the contractor shall provide management visibility into aspects of interdivisional, subcontractor, and major vendor activities relevant to accomplishing the contract requirements.

1.1 Work Plan

The contractor shall provide a Work Plan as defined in DRD 003. The contractor shall revise the Work Plan as deemed necessary by either the contractor or NASA COTR during the period of performance.  The Work Plan shall include a Work Breakdown Structure (WBS). The Work Plan shall be approved by the NASA COTR.  

1.2 Resource Planning

The contractor shall provide financial planning as required to support the government budget process [i.e., Planning, Programming, Budgeting, and Execution (PPBE) budget calls, monthly operating plan budget calls and geographical economic impacts], and to support special requests for budget impacts.  

The contractor shall develop and maintain a master schedule.  The master schedule must be viewable by NASA in a commonly used electronic format that is approved by the COTR.

1.3 Financial, Technical, and Schedule Reporting

The contractor shall provide financial reports (533M and 533Q) as defined in DRD 105.

The contractor shall provide written monthly Technical Progress Reports as defined in DRD 106.

The contractor shall provide a final report as defined in DRD 104.

1.4 Meetings and Reviews

1.4.1 Weekly Technical Meetings

The contractor shall conduct weekly technical meetings to provide NASA with current status of the contractor’s technical, schedule and financial performance under the contract. The meetings may be conducted by telecon from the contractor’s facility.

1.4.2 Technical and Business Meetings

The contractor should be prepared to participate and support, if requested the following Lunar Lander Project Office meeting and milestone reviews:

	Lunar Lander Propulsion System Requirement Review
	February 2009


The contractor shall conduct the following workhorse engine meetings and reviews:

	Workhorse Engine System Requirements Review (SRR)
	ATP + 1 month

	Workhorse Engine Concept Design Review (CoDR)
	ATP + 2 months

	Workhorse Engine Preliminary Design Review (PDR)
	

	Workhorse Engine Critical Design Review (CDR)
	


The contractor shall conduct the PDR and CDR  in a timely-manner to ensure that the project will meet its overall schedule.

1.4.3 Other Meetings and Reviews

The contractor shall provide personnel to support other ad hoc project meetings and reviews.  (For estimation purposes, the contractor should plan for 4 technical and 4 budget reviews per year, weekly status meetings, and anomaly resolution meetings, and up to 4 non-PCAD design reviews that impact the contractor’s area of responsibility.)  The contractor shall provide for subcontractor participation where necessary. 

The contractor shall invite the government to attend all subcontractor reviews.  The government will respect privacy of contract between the contractor and its subcontractors during these meetings.

1.4.4 Final Report Presentation

Contractor shall prepare and present a presentation of the information contained in the final report at a government specified location.  This presentation shall be conducted no later than 7 calendar days after submittal of the final report. 

1.5 Configuration Management and Control

The contractor shall perform the configuration management and control required to ensure that the configuration of the hardware and software, for which the contractor is responsible, is reflected in the hardware deliverables, data deliverables, and contractor drawings.

1.6 Data Management

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

2.0 Systems Engineering

The contractor shall conduct the necessary efforts to establish definition, allocation and technical control of the hardware and/or software requirements and coordination of the engineering interfacing requirements. These tasks include the identification, coordination, definition and control of design and test requirements, interface requirements, test planning and execution, and data evaluation. The contractor shall utilize a combination of simulation analyses, testing results, and other design approaches to produce and mature the design that meets the requirements, cost and schedule constraints of the task.

The systems engineering effort also shall include the design and engineering essential to evaluate and allocate hardware performance and operability requirements. Technical performance metrics shall be established with NASA concurrence in accordance with DRD 002, tracked and reported to ensure that the evolving design meets the requirements. 

The contractor shall provide technical data and analyses which describe the studies, analyses, and results of specific engineering activities in accordance with DRD 402.  The data shall include such technical specialties as theoretical analyses, models, engineering verifications, engineering design trades, current problems and proposed solutions, and conclusions and recommendations.

Risk Management is a continuous process that identifies risks; analyzes their impact and prioritizes them; develops and carries out plans for risk mitigation, acceptance, or other action; tracks risks and the implementation of mitigation plans; supports informed, timely, and effective decisions to control risks and mitigation plans; and assures that risk information is communicated among all levels of a program/project. The contractor shall conduct and document risk assessment in accordance with DRD 401. The risk assessment shall include in the progress/update reports a list of significant open risks and associated mitigation plans.  Significant risks are those that have the potential to affect major development milestones & goals (ie: delivery delay, design-freeze date, cost ceiling, safety, technical trade-offs, etc.).

Deliverables:

The contractor shall deliver the following DRD’s

Technical Performance Metrics (TPM) Assessment (DRD 002)

Risk Assessment (DRD 401)

3.0 Safety, Health, and Mission Assurance

The contractor shall develop, document, and implement a plan to ensure that all safety and mission assurance (safety, reliability, maintainability, and quality) activities are implemented and are effective in the mitigation of risk for the program, including methods to measure their performance.  In addition, the contractor shall ensure that subcontractors implement similar safety and mission assurance plans.  The contractor shall develop an approach to risk management which integrates safety, reliability, maintainability, and quality.  

The contractor shall provide a Product Assurance Plan that describes the approach that will be used to meet the requirements of Section 3.0.  The Product Assurance Plan shall meet the requirements stated in DRD 004.

3.1
Safety and Health

The contractor shall develop documented and auditable approaches to achieve safe project operations. The contractor shall establish and implement an industrial safety, occupational health, and environmental program that (1) prevent employee fatalities, (2) reduce the number of incidents, (3) reduce the severity of employee injuries and illnesses, and (4) protects the environment through the on-going planning, implementation, integration and management control of these programs

If any tasks under this contract are implemented on NASA property or in NASA facilities, the contractor shall ensure these tasks comply with applicable portions of NPR 8715.3, NASA Safety Manual, as a minimum.  NASA Centers may have more restrictive safety requirements. Hence, the contractor shall comply with applicable Center safety requirements for any work performed at a NASA facility. Compliance with Occupational Safety and Health Standards, 29 CFR 1910, Department of Labor; Occupational Safety and Health Administration Standards for General Industry shall be included.  In the interests of cost effectiveness and efficiency, the contractor should consider the suitability of utilizing existing in-house programs/practices when possible.
In developing the safety and health plan, the contractor should consider performing technical reviews of the safety aspects of all development efforts and operations to ensure that they are being conducted in accordance with sound safety engineering principles.  The contractor should consider using, as a minimum, generally accepted industry standards as related to the fluids, systems and operations involved with fulfillment of this contract effort, especially as they relate to oxygen, methane, cryogenics and pressurized systems.  The contractor can reference the following documents for guidance on some of these matters:   ANSI/AIAA S-080-1998, Space System – Metallic Pressure Vessels, Pressurized Structures, and Pressure Components; ASTM-MANL-36, Manual for Safe Use of Oxygen Systems: Guidelines for Oxygen System Design, Materials Selection, Operations, Storage, and Transportation; and, ANSI/AIAA G-095-2004, MIL-PRF-32207 Performance Specification Propellant, Methane, October 6, 2006, and WSTF-RD-1056-001-07.A Fire, Explosion, Compatibility, and Safety Hazards of Liquid and Gaseous Methane and Natural Gas.
3.1.1
Systems Safety

The contractor shall develop and implement an approach that provides for the identification of hazards.  A Preliminary Hazard Analysis (PHA) can be used as a tool for identifying and mitigation planning for all hazards.  This PHA can be used to understand the safety risks associated with the hardware/technologies being developed and identify areas where additional hardware/technologies development work might be needed.  NPR 8715.3, “NASA Safety Manual” can be used as a guideline for the development of this PHA.

For test operations the contractor should develop integrated test operations Hazard Analyses for all test operations involving the hardware being developed under this contract and coordinate this analysis effort with the facility safety organization.

3.2
Reliability

The contractor shall develop and implement an appropriate level of reliability analysis.  Reliability analyses should be performed concurrently with design to indicate areas of risk, promote a more robust, capable workhorse engine, and increase system reliability.  Reliability analysis techniques typically used to assess designs include reliability prediction analysis, failure modes, effects and criticality analysis, and fault tree analysis.  Not all analysis techniques are required, but it is up to the contractor to propose a suitable reliability approach. 

The contractor should fully utilize test information during the normal test program to assess equipment reliability performance and identify potential or existing problem areas.

3.3
Quality Assurance 

The contractor shall provide a tailored Quality Assurance (QA) program that describes the hardware and software quality planning, assurance and control appropriate for this level of technology readiness.  A QA program shall be implemented to ensure that products conform to specified requirements; risks, hazards and failures are mitigated; and test data is traceable to an as-built configuration. .The contractor shall consider appropriate controls for subcontracting and purchasing, configuration, critical processes, inspection (including Non-destructive evaluation) of critical parameters at appropriate points in the process, assembly and disassembly processes, nonconformance identification, documentation and disposition, packaging and handling  The contractor shall certify to the test facility that the test article has been precision cleaned for liquid oxygen, fuel, hydraulic and pneumatic service as applicable,  and that cleanliness has been maintained. In the interests of cost effectiveness and efficiency, the contractor should consider the suitability of utilizing existing in-house programs/practices when possible.
The contractor shall have a means to identify, document, and correct problems, and failures.  The contractor shall notify the NASA COTR of any problems or failures that occur that may affect function, schedule, or cost during this contract effort.  The level of effort for failure investigation shall be determined on a case-by-case basis for the test articles. The contractor shall prepare problem failure reports in accordance with DRD 102 when appropriate or requested by NASA CORT.  If damage to a government facility occurs, the NASA mishap reporting and investigation processes apply.
3.4 Deliverables

Deliverables include as built drawings, all safety assessments, preliminary hazard analysis, integrated test operations hazard analysis, reliability prediction analysis, failure mode and effects analysis and critical items list and fault trees documenting work performed during this contract effort in accordance to Section 5.3.

4.0 LOX/LCH4 Workhorse Engine

4.1
Workhorse Engine Design and Hardware Developments 
The objective of the effort described herein is the design, manufacture, testing and delivery of a workhorse engine including necessary spare parts and alternate-configuration components for successfully conducting engine tests and obtaining test data to validate the engine design. The alternate-configuration components, which have different configurations than the baseline ones, are used in testing to evaluate design parameters for deriving the optimum design.  The contractor shall provide manpower, facilities, consumables, and materiel to, analyze, design, fabricate, assemble, test, and deliver a workhorse engine in accordance with the contract project schedule. 

The contractor shall design the workhorse engine to meet the requirements listed in the Engine Specification in the System Requirement Document. The engine should be considered as a pathfinder for mitigating all the primary technology risks including, but not be limited to, reliable and robust engine ignition in vacuum conditions, high engine performance, rapid engine start capability, multiple engine starts, and long engine burn duration as stated in the Engine Specification. The engine, however, does not necessarily have to meet the mass, power-supply usage, or the redundancy requirements of a flight engine. The engine will be composed of, as a minimum, an injector, igniter, thrust chamber, main propellant valve(s), and a nozzle.  Existing or COTS valves are acceptable for testing with the workhorse engine.  However, the contractor shall conduct analyses of the conceptual valve design required by the Engine Specifications. In developing the dimensions of the workhorse engine, the contractor should be cognizant  that the ultimate flight engine will be constrained by the engine envelope stated in the Engine Specifications.

For the technology test simplification, cryogenic propellants at normal boiling point temperatures can be used in testing.  However the contractor shall verify by analysis that the engine could operate in the propellant condition ranges specified in the Engine Specification.   The workhorse engine should be a 5500 +/-100 lbf vacuum-thrust class engine. The contractor shall also conduct engine scaling designs for the vacuum thrust levels of 4500 lbf and 6500 lbf and report appropriately at PDR and CDR. The contractor shall design the workhorse engine for flexibility in order to assess and optimize performance.

4.2. Workhorse Engine Test at Sea-Level Ambient Conditions 

The workhorse engine testing activities will be composed of two steps: sea-level tests and vacuum tests. The purpose of the sea-level tests is to assess the components and sub-systems performance and operations with a relatively quick and low cost approach in comparison with testing in vacuum test facility. It is acceptable for the contractor to offer other alternate test conditions and/or approach as long as the objective and cost-effectiveness of the subject test series are met.  The contractor shall develop a schedule that allows preliminary assessment of engine performance by hot fire testing before February 2009.  The contractor shall perform all necessary workhorse engine components, sub-systems, and assembled engine tests to verify the design.  The contractor shall address startup, shutdown, valve sequencing, and steady state operation. The contractor shall demonstrate the engine is dynamically stable during combustion when operated within the defined inlet conditions indicated in Table 1 of the engine specifications. High-frequency test data shall be required to assess the combustion stability behavior of the engine. Combustion stability test and measurements shall be in accordance with CPIA Publication 655, “Guidelines for Combustion Stability Specifications and Verification Procedures for Liquid Propellant Rocket Engines.” The contractor shall prepare test readiness review packages in accordance with DRD 202 and NASA will participate in all test readiness reviews.  The contractor shall sufficiently complete testing the workhorse engine ahead of vacuum tests.  The contractor shall prepare and submit a Sea-Level Test and Instrumentation Plan in accordance with DRD 001. The contractor shall submit as-built drawings and final design analyses in accordance with DRD 402 at the end of this program phase. The contractor shall prepare and submit sea-level test reports in accordance with DRD 101 and DRD 103.
4.3. Workhorse Engine Test in Vacuum Test Facility

After the sea-level testing, the contractor shall deliver the workhorse engine, including valves, to the White Sands Test Facility (WSTF) for government led testing in simulated-vacuum conditions. The contractor shall also determine and deliver the appropriate hardware required to interface with the WSTF test cell 401. Along with the engine delivery, the contractor shall also deliver the engine instrumentation (pressure transducers, temperature sensors, and accelerometers), associated special test equipment, and spare and/or alternate-configuration components required to complete the test program at WSTF.  Note that as-built drawings and final design analyses must also be delivered with the workhorse engine in accordance with DRD 402. The government will have full authority to conduct testing of the workhorse engine and, if necessary, to modify features of the engine. 

The contractor shall prepare and submit a simulated-vacuum test and instrumentation plan in accordance with DRD 001. The contractor shall prepare test readiness review packages in accordance with DRD 202 and NASA will participate in all test readiness reviews. The contractor shall prepare and submit simulated-vacuum test reports in accordance with DRD 101 and DRD 103.

The contractor shall provide engineering, technical, and management assistance/support to NASA for conducting testing at WSTF.  The contractor shall participate in day-to-day test meetings, participate in test readiness reviews, and perform test data reduction analysis. For planning purposes and cost estimate, the contractor should plan for four full-time personnel with appropriate skill mix for a period of three months (between the third and fourth quarter of 2009 fiscal year) at WSTF to support the engine vacuum test activity.

4.4. Design Analysis of Conceptual Engine

The contractor shall conduct appropriate analysis of subject engine at the end of this technology development phase utilizing the sea level and vacuum test results.  The level of effort shall be sufficient to demonstrate applicability of the technology in this conceptual (more flight like pre-prototype) engine design.  The contractor shall perform an engine weight estimate. This design analysis along with the engine weight shall be included in the final report (DRD 104). 
4.5. Milestone Reviews 

The contractor shall conduct a Workhorse Engine System Requirements Review (SRR) within one month of ATP. During the SRR, the contractor shall finalize the Workhorse Engine System Requirements Document (SRD) in accordance with DRD 302.  At the conclusion of the SRR, the SRD will be maintained as a contractor-owned and contractor-controlled requirements document.  

The contractor shall prepare for and conduct a Workhorse Engine Concept Design Review (CoDR), Workhorse Engine Preliminary Design Review (PDR), Workhorse Engine Critical Design Review (CDR) per the contract master schedule.  The contents of the CoDR, PDR, and CDR shall comply with DRD 201.  The contractor shall provide engine system analyses including propulsion, performance, fluids, loads/stress, and thermal analyses (as a minimum) to support the milestone reviews.  

The government will attend all milestone reviews, as well as any subcontractor and component reviews.  

4.6.  Deliverables

The contractor shall provide the following deliverables

Workhorse System Requirements Document (DRD 302)

Test Readiness Review Package (DRD 202)

Hardware Specifications (DRD 301)

Workhorse engine hardware for vacuum testing at WSTF

5.0 Data Requirements

5.1  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, and hardware performance. 

5.2  Type Definition

The following definitions apply to “Type” column in Section 5.3 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.  However, to be a satisfactory delivery, the data must satisfy all applicable contractual requirements.

5.3  DRD Deliverables

Subject to the Rights in Data clause, this section sets forth the data requirements in each Data Requirements Description (DRD) and shall govern the data required to be submitted by the contractor as referenced in the Statement of Work. In cases where data requirements are covered by a Federal Acquisition Regulation (FAR) or NASA FAR Supplement (NFS) regulation or clause, the regulation will take precedence over the DRDs, per FAR 52.215-8.  The due date on DRD deliverables shall be in calendar days unless otherwise specified. The DRDs are numbered as follows:

0xx
Plans

1xx
Reports

2xx
Review Requirements

3xx
Specifications/Document Packages

4xx
Other

	DRD Number
	Document
	Due Date
	Quantity
	Type

	001
	Test and Instrumentation Plan
	30 days prior to sea-level testing; 60 days prior to simulated-vacuum testing
	1 hardcopy 

1 electronic
	2

	002
	Technical Performance Metrics (TPM) Assessment
	Initial TPM Assessment with task proposal.

Updates at established frequency and at design reviews.
	1 hardcopy 

1 electronic
	2

	003
	Work Plan
	30 days after ATP and updates at established frequency and at design reviews.
	3 hardcopies 

1 electronic
	2

	004
	Product Assurance Plan
	CoDR
	1 hardcopy 

1 electronic
	2

	101
	Formal Test Reports


	One each, 30 days after sea-level testing and simulated-vacuum testing
	1 hardcopy 

1 electronic
	2

	102
	Problem Failure Reports
	Initial notification (electronic format only) within 24hrs following significant failure; Subsequent submittals per DRD.
	1 hardcopy 

1 electronic
	3

	103
	Quick-Look Test Report
	1 day after test (electronic format only; hardcopy to be postmarked within 1 business day of electronic submittal)
	1 hardcopy 

1 electronic
	3

	104
	Final Report
	30 days after technical effort completion as defined by CO
	1 hardcopy

1 electronic
	2

	105
	Financial Management Reports
	
	
	3

	106
	Monthly Technical Progress Reports
	
	1 electronic
	3

	201
	Milestone Review Presentation Package (SRR, CoDR, PDR, CDR)
	5 working days prior to the review
	1 hardcopy 

1 electronic
	3

	202
	Test Readiness Review Package
	5 days prior to test
	1 hardcopy 

1 electronic
	2

	301
	Hardware Specifications
	PDR. Update at CDR
	1 hardcopy 

1 electronic
	2

	302
	System Requirements Document
	5 working days after SRR
	1 hardcopy 

1 electronic
	2

	401
	Risk Assessment
	Initial risk assessment with task proposal.

Updates as risks are identified or retired
	1 hardcopy 

1 electronic
	3

	402
	Analyses, models, and drawings
	PDR. Update at CDR. Final submittal with engine delivery 
	1 hardcopy 

1 electronic
	3


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

TITLE:  Test and Instrumentation Plan
DRD NO: 001

Facility/rig adaptations, instrumentation or testing efforts shall not proceed until NASA COTR approval of the relevant test and instrumentation plan.

Test plans shall include, but not be limited to: test objectives, test techniques, test procedures, test matrices, interface definitions (including electrical, fluid, and structural interfaces), redline cut parameters, control sequences, data reduction procedures, and detailed schedule changes. Changes that affect test intent, cost, or schedule require NASA COTR review and approval.  Minor test plan changes that do not affect test intent, cost or schedule, may be accomplished without prior NASA approval. NASA shall be notified of these minor changes.

Instrumentation plans shall include, but not be limited to: a layout of proposed instrumentation locations, list of types selected, estimate of accuracy of all measurements and calculated performance data, fabrication or assembly requirements, and data acquisition and reduction equipment. Methods used to determine performance during operation shall also be included.

Test and Instrumentation Planning shall cover all tests of workhorse engine components, assemblies, and systems.

TITLE:  Technical Metrics Plan/Assessment
DRD NO: 002

The Technical Metrics Plan/Assessment shall:

1.
Define the metrics tracking and management process

2.
Identify the assessment frequency

3.
Identify the key metrics for tracking

4.
Provide all periodic assessments along with trending information

This document shall be submitted to the NASA COTR for concurrence of the assessment process and frequency within 60 days of task initiation.  Updates of this document shall be provided based on the assessment frequency.
TITLE:  Work Plan
DRD NO: 003

The contractor shall submit three (3) copies of the Work Plan to the NASA Project Manager/COTR for approval.  The Original Work Plan shall be submitted along with the proposal.  The Work Plan shall consist of the following: 

1. A narrative statement reflecting the methods and technical approach to be used by the contractor in achieving the objectives and requirements set forth in the contract.    

2. A program schedule (milestones, tasks, activities, events) in adequate detail to provide reasonable measurement of the technical accomplishments which can be summarized to the cost reporting level of the WBS. The schedule shall reflect the integration with, and the impact of, any export control plans (see Paragraph 4 below).  The schedule shall include tasks and projected time required to obtain any required export licenses.

3. Graphs reflecting cumulative estimated costs (exclusive of fee) and man-hours by months for the total contract effort. 

4. INTELLECTUAL PROPERTY The contractor shall address any Intellectual Property issues anticipated under this contract, especially its plan for compliance with Export Controls in accordance with clause H.3, “Export Licenses, any anticipated copyright requests, and any claims of "Limited Rights" or "Restricted Rights". 

5. For revisions to Work Plan, the contractor shall submit revisions to the Work Plan described above: 

5.1. When directed by the NASA Project Manager/COTR pursuant to the clause entitled "Technical Direction"; and

5.2. Whenever the contract requirements are changed by appropriate contract modification.  The contractor may submit recommended revisions to the Work Plan when the contractor believes such revision is deemed desirable for optimum achievement of contract objectives.  Every revision to the Work Plan shall be approved by the NASA Project Manager/COTR prior to implementation by the contractor.  

TITLE:  Product Assurance Plan



         DRD NO: 004

The Product Assurance Plan (PAP) outlines the structure and plan for implementation of a tailored Safety and Mission Assurance program, and describes each of the following activities:

1. Define how Safety, Reliability and Quality Assurance will be implemented on this effort

2. Incorporate health and safety principles and OSHA compliance in all planning.  The methods of controlling potentially hazardous 
conditions in the work area or in operations shall be described. This includes the generation of plans, procedures, and other working documents which clearly identify the hazardous situations in the work are or operation and the necessary precautions taken to mitigate the hazards
3. Perform assessment and documentation of each hazard, and mitigation techniques. 

4. Perform a safety assessment of readiness, explicitly noting any exceptions arising from safety issues and concerns. 

5. Provide a hazard analysis for the test article along with planned mitigations, and describe how coordination will be done with the testing organization, so that any analysis that is performed for test operations includes applicable test article information. 
6. Provide for an effective, tailored Quality Assurance (QA) Program, which assures that quality requirements are met through control of design, fabrication, configuration, operations, processes, procedures, non-conformances, testing, and inspection/NDE. 

7. Provide for a tailored risk management approach that complies with NASA Policy.

The PAP applies to products (hardware, software, testing services, and scientific research) throughout their life cycle including the development, design, fabrication, assembly, testing, and operation.  The PAP shall be submitted at CoDR and shall be updated as necessary.

TITLE:  Formal Test Report
DRD NO: 101

A formal Test Report shall include, but not be limited to the following information:

1. Description of test objectives, test facility, and hardware

2. Discussion of test techniques and procedures

3. Layout of instrumentation including types, accuracy, and locations (include appropriate pictures, drawing and sketches)

4. Summary of problems and corrective action

5. Discussion of test results versus objectives

6. Presentation of analyses conducted to support test activities, including pre-test predictions and post-test data correlation

7. Methods and approaches of utilizing test data results for engine thrust-size scaling. 

8. Appropriate Product Assurance procedures

9. Conclusions and recommendation

10. Any material containing proprietary data shall be indicated on an individual page basis and justification for labeling as such must be given.

The engine performance data shall be analyzed and reported in accordance with JANNAF reference as described in CPIA Publication 245, “JANNAF Rocket Engine Performance Test Data and Acquisition and Interpretation Manual” and CPIA 246 “JANNAF Rocket Engine Performance Prediction and Evaluation Manual”. This report shall be a Formal Report (NASA Cars) prepared in accordance with the guidelines for Formal Report outlined in GRC (formally, NASA Lewis Research Center) Technical Memorandum 100270, “Technical Writing Standards for contractor reports.” The contractor shall prepare and submit two versions of the Formal Test Reports. This first report version shall contain complete materials and data in accordance with the stated guidance for this DRD. The second report version should contain only non-proprietary materials and data. The contractor shall prepare both report versions in a manner of readable continuity with self-containing information and data. Formal Test Reports shall be submitted within 30 days of the conclusion of each significant test series.

TITLE:  Problem/Failure Report
DRD NO: 102

The contractor shall prepare a failure report for each problem/failure that may affect overall program, function, design, objectives, schedule, or cost. The contractor shall notify the NASA COTR of such problems/failures within twenty-four (24) hours of the problem/failure occurrence. An interim issue of the report shall be prepared and issued within five (5) working days containing such information as is known at the time of the problem/failure. Two copies of each report shall be sent to the NASA COTR. Failure report format shall be included in the Product Assurance Plan. Failure reports that are pending will be listed in the monthly reports. A final Failure Report shall be prepared and issued upon completion of the analysis and corrective action. The Problem/Failure Report shall include:

1. Description of the problem/failure

2. Date and time of occurrence

3. Operating conditions at time of problem/failure or at time of detection

4. Cause (or probable cause for the interim report)

5. Corrective action(s) taken or planned to prevent recurrence including reference to design changes incorporated to correct the condition (for final problem/failure report)

6. Failure analysis reports, test data, or other information

7. If the failure results in damage to a NASA facility, the NASA Mishap Reporting and investigation process outlined in NPR 8621.1 “NASA Procedural Requirements for Mishap Reporting, Investigation and Recordkeeping” shall apply.

TITLE:  Quick-Look Test Report (QLTR)
DRD NO: 103

A Quick-Look Test Report (QLTR) shall contain a description of the test along with a summary of test results and reduced test data in a format consistent with best industry practices. A QLTR shall be issued within 1 working day of the conclusion of each test.  Each QLTR does not require formal NASA approval. However, if the NASA COTR deems the document deficient, the NASA COTR can request the contractor to provide additions and/or modifications required to correct the deficiencies. These additions and/or modifications shall be submitted to the NASA COTR within five (5) calendar days after request.

TITLE:  Final Report
DRD NO: 104

The report shall include the following requirements, which are supplemental to those stated in NFS clause 1852.235-73. 

1. In addition to the requirements of NPG 2200.2, the format and content of the Final Report shall also follow NASA/SP-2005-7602 (Rev.1) "NASA Publications Guide for Authors", incorporated herein by reference and made a part hereof.  This document is available at http://www.sti.nasa.gov [Click on "Publish STI" and scroll down to "NASA/SP-2005-7602 (Rev.1)", where you can choose the format for viewing the publication]. 

2. The Final Report shall include a section entitled "New Technology".  This section shall identify all non-patentable discoveries such as improvements, innovations, and computer codes; and all patentable inventions, whether developed or discovered during the performance of the contract.  Possible secondary applications of reported new technology shall also be included in this section. 

3. Printing, duplicating, binding and other reproduction required under this contract is subject to the provisions of the government Printing and Binding Regulations published by the Joint Committee on Printing, Congress of the United States and the clause at NFS 1852.208-81 entitled "Restrictions on Printing and Duplicating". 

4. The contractor is solely responsible for managing the technical effort, the schedule, and the contract funds to ensure delivery of the Final Report on time.  Failure to deliver the Final Report as scheduled, or a request that additional funding be provided by the government to ensure delivery of the Final Report, may result in a Performance Evaluation of "Unsatisfactory", or a reduction in profit/fee equal to the additional cost associated with delivery of the Final Report, or both.

5. Any pages containing proprietary data shall be indicated on an individual page basis and justification for labeling as such must be given.
The contractor shall prepare and submit two versions of the Final Reports. This first report version shall contain complete materials and data in accordance with the stated guidance for this DRD. The second report version, which can be published as a NASA Contractor Report, should contain only non-proprietary materials and data. The contractor shall prepare both report versions in a manner of readable continuity with self-containing information and data. 
TITLE:  FINANCIAL MANAGEMENT REPORTS

         DRD NO: 105

1. The following financial reports shall be submitted pursuant to clause NFS 1852.242-73, "NASA Contractor Financial Management Reporting": 

1.1. NASA Form 533M&Q (Monthly and Quarterly Contractor Financial Management Report) 

1.2. Upon written request, the contracting officer may authorize an alternative format that provides substantially the same level of detail as the required Form 533(s), but is more compatible with the contractor's standard accounting/reporting format.   

2. The Reporting Categories of the Financial Reports are:

2.1. Direct Labor Categories/Hours/Dollars 

2.2. Labor Overhead Dollars 

2.3. G&A Dollars 

2.4. Other Indirect Dollars 

2.5. Travel Dollars 

2.6. Materials/Supplies Dollars

2.7. Other Direct Cost Dollars 

2.8. COM Dollars 

2.9. Fee Dollars 

3. Within ten (10) working days after the cutoff date, the Financial Report(s) shall be submitted in the number of copies and to the addresses indicated in the "Document Distribution Requirements". 

4. The required report(s) shall be prepared in accordance with the instructions contained in the aforementioned clause, NPR 9501.2 “NASA Contractor Financial Management Reporting” and on the reverse of the forms.  

5. Report Periods, Dates and Submission 

5.1. The cutoff date to be used for all 533 reports is the closing date of the contractor's accounting month that has just been completed. 

5.2. The first 533M report shall be submitted within thirty (30) calendar days after incurrence of cost and, as with all subsequent 533M reports, is due not later than the tenth working day of the month after the close of the contractor's accounting month.  The regular 533Q report (which is a PLANNING report) shall be submitted not later than the tenth (10th) working day of the month preceding the quarter being reported. 

5.3. The 533 report(s) shall be submitted electronically and in hardcopy format as indicated in clause GRC 52.227-104 of this contract, entitled "Document Distribution Requirements". 

The contractor shall provide a short explanation of any variance WHICH EXCEEDS 5%, between a previous estimated month-specific expenditure and the actual expenditure experienced.  
TITLE:  Monthly Technical Progress Reports

         DRD NO: 106
The reports shall be brief, factual and informal.  They shall be prepared as set forth below: 

(i) A cover page containing: 

(A)  Contract number and title. 

(B)  The type of report ("Monthly Technical Progress Report", "Task Report", "Quarterly Narrative Report", etc.), sequence number of the report (when applicable), and the period/unit being reported. 

(C)  Contractor's name, address, and organizational segment generating the report. 

(D)  Signature of contractor's cognizant Project Manager (or, if submitted electronically, an unambiguous indicator that the Project Manager has generated/reviewed the report) 

(E)  Date of issuance. 

(F)  Inclusion of the following statement:  "Prepared for NASA Glenn Research Center, Cleveland, OH 44135." 

(ii) Section I -- Technical Progress Summary:  A description of the work performed during the report period and the overall technical progress achieved.  The current schedule status shall also be addressed in this summary. 

(iii) Section II -- Current Problem(s):  A description of any current problem(s) which may impede technical, schedule and/or cost performance, along with proposed corrective action(s).  Include an explanation of how the problems could affect the cost and schedule of the reporting categories in the financial and schedule reports if applicable, as well as the effects at the total contract level. 

(iv) Section III -- Risk Management:  Include a list of Significant Open Risks and associated Mitigation Plans.  Significant Open Risks are those that have the potential to affect major development milestones & goals, such as a delivery delay, a design-freeze date, a cost ceiling, a safety or health concern, environmental impacts, a technical trade-off decision, etc.  Further guidance, if needed, is available from the GRC Risk Management reference documents (listed below), which are available at the following web-sites:   

(A) NPR 7120.5C--"NASA Program and Project Management Processes and Requirements.”

(B)GRC-P2.9 -- "Risk Management.”

(v) Section IV -- Work Planned:  A description of the work to be performed during the next monthly reporting period. 

(vi) Section V -- Analysis:  Interpretation of the results obtained, recommendations of further action, and discussion of the relationships between work performed and the ultimate objectives of the contract.  Applicable diagrams, sketches, graphs, photographs, and drawings should be included, if they assist in conveying the intended meaning of this Section.  The COTR may waive this Section V requirement on a month-by-month basis. 

(3) Report Period, Dates and Submission 

(i) Periodic Reports (Monthly, Quarterly, etc.) 

(A) The report shall reflect a period of performance comparable/traceable to the contractor's accounting period (such as, an accounting month), from the beginning date to the cutoff (closing) date.  NOTE: The initial reporting period depends on the date of contract award and may be less or more than a full contractor's accounting period.  When the date of contract award is before the middle of the contractor's accounting period, the initial reporting period shall be from the date of award to the end of that same accounting period.  When the date of contract award is on or after the middle of the contractor's accounting period, the initial reporting period shall be from the date of award through the end of the following accounting period.  Thereafter, each reporting period shall incorporate one complete contractor's accounting period. 

(B) The report shall reflect actual progress through the cutoff date.  The following report of the same type will begin on the day after the previous period's cutoff date, so that the reporting periods are continuous and uninterrupted. 

(C) Within ten (10) working days after the cutoff date, the contractor shall submit the report electronically to the addresses indicated in clause GRC 52.227-104 of this contract, entitled "Document Distribution Requirements". 

(ii) Work Unit-Based Reports (Task, Sub-Task, Phase, Milestone, etc.) 

(A) The report shall cover the entire Work Unit. 

(B) Within fifteen (15) working days after the completion of the work Unit, the contractor shall submit the report electronically to the addresses indicated in clause GRC 52.227- 104 of this contract, entitled "Document Distribution Requirements". 

TITLE:  Milestone Review Presentation/Package
DRD NO: 201

A Milestone Review package shall provide the NASA COTR with the design information required for evaluating the technical merit and programmatic impact of a proposed design. A milestone review package shall include as a minimum:

1. Review Agenda

2. Responses to status open action items/recommendations generated at prior reviews
3. Full size, reproducible copies of each figure presented at the subject review including brief, approximately one-page, written discussion of each figure, for those figures that are not self-explanatory
4. All analyses and supporting material (e.g., results from prior test which support the proposed design, etc.), as appropriate
5. Discussion of Risk Assessment/Mitigation status and plans
6. Products from previous design reviews may be reused (if unchanged) but must be included in the design package for completeness
7. Any pages containing proprietary data shall be indicated on an individual page basis and justification for labeling as such must be given.
In addition, the following items shall be submitted for the indicated reviews:

A. Workhorse Engine System Requirements Review (SRR)


1.  Propulsion System Requirements Document

B. Workhorse Engine Conceptual Design Review (CoDR)

1. Draft\ drawings and specifications

2. Estimated operating characteristics

3. Initial Design Requirements

4. Estimated Cost and Schedule

5. Overview of workhorse engine design and testing

6. Technical Performance Measures

7. Scalability of workhorse engine design to other thrust levels

C. Workhorse Engine Preliminary Design Review (PDR)

1. Pertinent drawings and specification including definitions of all system interfaces and interactions.

2. Predicted operating characteristics

3. Design Requirements

4. Systems safety hazards assessment

5. Design Analysis Methodology

6. Parts Identification and Materials Lists

7. Requested deviations and waivers

8. Cost status vs. plan and cost projections (through fabrication, test and analysis)

9. Schedule status vs. plan and schedule projections

10. Metrics assessment

D. Workhorse Engine Critical Design Review (CDR)

1. Updates to PDR items

2. A discussion of follow-on testing including preliminary test and instrumentation plans

3. Reliability analysis

4. Safety and Hazard Analysis

5. Assessment of the design changes

Each Milestone Review Package shall be submitted no less than 5 days prior to the start of the review.  The contractor shall choose and manage the process for identifying, documenting, and correcting issued raised during the milestone reviews.

TITLE:  Test Readiness Review Package
DRD NO: 202

A Test Readiness Review Package shall provide to the NASA COTR information required for evaluating the contractor’s preparedness for, the technical merits of, and the programmatic impact of the planned test and test series. A Readiness Review Package shall include as a minimum:

1. Review Agenda

2. Responses to status of open action items/recommendations generated at prior reviews

3. Full size, reproducible copies of each figure presented at the subject review including brief, approximately one-page, written discussion of each figure that is not self-explanatory

4. Updates of items required from appropriate Conceptual, Preliminary or Detailed Design Review

5. Summary of Test and Instrumentation Plans

6. Status of preparation for the tests

7. Safety and Hazard Analysis and mitigation status

8. Evidence that corrective action resulting from analyses was incorporated into the articles involved

9. Supporting material, (e.g., relevant model test results, etc.).

10. Quality Assurance readiness assessment

11. List of open work/items and proposed schedule for closure

12. If performed at the contractor’s facility: facility schematics, readiness assessment, hazard mitigations, access control, test conduct and procedures

Where supporting material has been submitted prior to or concurrent with this requirement, such material may be incorporated within this requirement by reference.

Each TRR Package shall be submitted not less than 5 days prior to the relevant Test Readiness Review.

TITLE: Hardware Specifications
DRD NO: 301

Specifications shall be provided for the performance, design detail, and verification requirements for the workhorse engine components and support equipment.  Hardware specifications shall be submitted as part of the PDR and CDR design packages.

TITLE: System Requirements Document
DRD NO: 302

The System Requirements Document (SRD) shall be prepared prior to the SRR.  The contractor shall finalize it during the SRR. The SRD shall be contained, as a minimum, the following information and data:

1. Requirement descriptions that will be referenced to the paragraph and section number of the Engine Specification.

2. Verification Matrix  to include method and/or approach 

3. Verification plan in details.

4. Verification and/or criteria for success and/or completion

The subject document will then be maintained as a contractor-owned and contractor-controlled requirements document.

TITLE:  Risk Assessment
DRD NO: 401

Risk Assessments shall be prepared to identify possible high risk areas and appropriate plans for risk mitigation for individual task orders. Risk assessments also define critical program paths for each risk element and assess the risk of achieving technical objectives, goals, and schedules within budget. Risk Assessments shall be based on individual risk assessments for constituent activities, i.e. the various WBS components and subsystems. The individual risk assessments shall define critical program paths for each element and shall assess the risk of achieving technical objectives and goals on schedule and within budgeted funds. Plans and associated costs to provide risk reduction through alternate or backup approaches, if such action is required, shall be included. Risk assessment methodology, trade-offs and impact of risk reductions (alternate or backup approaches) on goals, schedules, and task order costs shall also be included. 

TITLE:  Analyses, Models, and Drawings
DRD NO: 402

Analysis shall be made to predict performance within the operating boundaries defined in the workhorse engine Requirements Document (SRD) for the LOX/LCH4 Main Engine.  Analysis shall include thermal performance, injector sizing and stability, chamber performance, igniter performance, inlet valve performance, engine life, and engine performance, as a minimum, for transient and steady state operations. Analytical processes shall be described and analysis inputs identified.  Nominal performance predictions shall be described. 

The engine performance data shall be analyzed and reported in accordance with JANNAF reference as described in CPIA Publication 245, “JANNAF Rocket Engine Performance Test Data and Acquisition and Interpretation Manual” and CPIA 246 “JANNAF Rocket Engine Performance Prediction and Evaluation Manual”.
The drawing package shall consist of 2D engineering drawings, 3D models, and all associated lists, that are sufficient to depict the detailed design configuration definition of all systems, subsystems, and components. The package shall be disclosed in the following media: 2D engineering drawings, 3D models, textual presentations, or a combination thereof, that completely and unambiguously sets forth the physical and functional characteristics of the product.

The contractor shall prepare the drawings, fluid system schematics, and electrical system schematics, in accordance with ASME Y14.100 Engineering Drawing Practices including Appendices B through E (must be used in conjunction with ASME Y14.24, ASME Y34M, and ASME Y14.35M) and ASME Y14.41-2003 Digital Product Definition Data Practices.

The contractor shall provide the 2D drawings in Computer Graphics Metafile (CGM) format.  The contractor shall provide 3D models in the native CAD, neutral STEP, or Low End Viewer format.  Simplified drawings that require a 3D model to complete the product definition will also include a validated STEP file in the drawing package.  Preferred authoring format is Pro/Engineer; however, delivery of the native CAD is not required.  Alternate formats may be acceptable upon negotiation. 

All documents produced under this DRD must be maintained current.  Changes to and/or updating of the drawing package and associated lists shall be in accordance with the contractor's approved drawing or modeling system and the provisions herein. Contractor shall maintain capability to restore, operate, and modify any product definition data used in the design through the project lifecycle.

Abbreviation List

AM

Ascent module

AME

Lunar ascent main engine

ATP

Authority-to-proceed

CDR

Critical Design Review

CoDR

Concept Design Review

COTR

Contract officer’s technical representative

DRD

Data Requirements Description

ESAS

Exploration Systems Architecture

FAR

Federal Acquisition Regulation

Isp

Vacuum specific impulse
JANNAF
Joint Army-Navy-NASA-Air Force
LOX

Liquid Oxygen

LCH4

Liquid Methane

NASA

National Aeronautics and Space Administration

NFS

NASA FAR supplement

PCAD

Propulsion and Cryogenic Advanced Development

PDR

Preliminary Design Review

PHA

Preliminary Hazard Analysis

PM

Project Manager

PPBE

Planning, Programming, Budgeting, and execution
QA

Quality Assurance

SOW

Statement of work

SRD

System Requirements Document

SRR

System Requirement Review

TPM

Technical Performance Metrics

WBS

Work Breakdown Structure

WSTF

NASA White Sands Test Facility
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