Attachment A

STATEMENT OF WORK

CEV Propulsion Advanced Development Project

Main Engine Advanced Development


Exploration System Architecture Studies have identified an integrated main and reaction control propulsion system utilizing Liquid Oxygen (LO2) / Liquid Methane (LCH4) propellants to provide CEV Service Module (CEVSM) Propulsion.  This system utilizes a common pressurization system, common propellant tankage, and a sub-cooled liquid feed system with reaction control system (RCS) thrusters and multiple main engines, all pressure fed.   The CEVSM will be developed to perform two primary missions:  International Space Station (ISS) Rendezvous and Return, and Lunar Return.  The ISS mission will require a series of burns to rendezvous with the ISS and a deorbit burn.  The Lunar Mission will require a series of burns for trans-Earth injection (TEI) with direct entry into Earth atmosphere.  Both for the ISS mission and the Lunar mission, the CEVSM Main Engine will have the capability to perform an Ascent Abort burn after the Escape tower has been jettisoned.  The ascent abort case will drive the thrust level and timing of the Main Engine(s).  The TEI maneuvers will drive the life of the engine.  Both the ISS and Lunar missions will have an on-orbit life of approximately 180 days. 
The propellant combination and architecture of this propulsion system are novel and require risk reduction prior to detailed design and development. This Government led project will perform analysis, design, fabrication and testing to provide risk reduction for this propulsion architecture to support CEV Preliminary Design Review (PDR). This project will build and test high-risk subsystems and features in relevant or near relevant ground and aircraft flight test environments to accomplish primary risk reduction. Once the CEV prime contractor is selected, the prime contractor will participate with the Government in conduct of the Propulsion Advanced Development, in order to incorporate all risk reduction and knowledge gained into the Flight Propulsion System Design.

Within the LO2/CH4 risk reduction effort for the CEV Service Module, advanced development of a LO2/CH4 main engine will be undertaken, in parallel with the advanced development of other high-risk propulsion elements.  The Main Engine will be an expendable, high-performance liquid oxygen/liquid methane engine that could be used by the CEV Service Module to perform the orbit-change and deorbit burn(s) to/from the International Space Station and Trans-Earth Injection burn(s) from Lunar Orbit.  The main engine will also be capable of executing an ascent abort maneuver.  The main engine will be pressure-fed with a nomimal pressure of 325 psia with variable propellant inlet temperatures and will have fixed thrust with multiple restart capability.
The goal of this procurement is to raise the Technical Readiness Level (TRL) such that feasibility of a LOX/CH4 main engine can be established in support the CEV Preliminary Design Review.  TRL 6 is the target, but this procurement will not explicitly require that the prototype engine be tested at altitude.  However, specific components may require vacuum testing to establish feasibility of the overall engine design.  This procurement will be for a prototype engine.  The prototype engine does not necessarily have to meet the redundancy requirements of a flight engine.  However, where human-rating requirements will drive the design, those requirements will have to be addressed as a part of this procurement. 
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

As part of the proposal, the Contractor shall provide a Work Plan as defined in Section F.5.  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 contractor’s schedule, included in the Work Plan, shall include the activities necessary to obtain any required export licenses (see SOW paragraph 1.7 below).     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., Program Operating Plan (POP) 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 Section F.5.
The Contractor shall provide written monthly Technical Progress Reports as defined in Section F.5.

The Contractor shall provide a final report as defined in Section F.5.
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 shall participate in and support the following CEV Program meetings and milestone reviews:
	Integration w/ CEV Prime Contractors
	June 2006

	Flight Concept Design Review (CoDR)
	November 2006

	
	


The contractor shall conduct the following Prototype Engine meetings and reviews:

	Prototype System Requirements Review (PSRR)
	ATP+ 1 month

	Prototype Concept Design Review (PCoDR)
	ATP + 3 months

	Prototype Preliminary Design Review (PPDR)
	October 2006

	Prototype Critical Design Review (PCDR)
	March 2007


1.4.3 Other Meetings and Reviews

The contractor shall support other project meetings and reviews. These meetings shall comprise up to 4 technical and 4 budget reviews per year, status meetings, anomaly resolution meetings, and Government and non-contractor design reviews that impact the contractor’s area of responsibility.  The contractor shall provide for subcontractor participation where necessary. 

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


1.7 Export Control

As part of the proposal, the contractor shall deliver an Export Control Plan that addresses the contractor’s plan for compliance with the International Traffic in Arms Regulations (ITAR), 22 CFR Parts 120 through 130, and the Export Administration Regulations (EAR), 15 CFR Parts 730 through 799, during contract performance.  Pursuant to 1852.225-70 and performance based contracting principles, the contractor shall be primarily responsible for export compliance under this contract and should not rely on NASA to obtain necessary licenses in execution of the contracted work. The export control plan shall be integrated with and address impacts to the contractor’s overall performance schedule. 

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. This task includes 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.

In addition, the systems engineering effort shall include the design and engineering essential to evaluate and allocate hardware performance and operability requirements. Technical metrics shall be established with NASA concurrence, 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.  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.

The contractor shall define all external mechanical, fluid, and electrical interfaces required for operation of the provided hardware and/or software. The external interfaces shall be documented in an Interface Definition Document.  
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 include in progress/update reports specified elsewhere in the contract, 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:

Test and Instrumentation Plan (DRD 001)
Test Reports (DRD 101 and 103)
Test Readiness Review Package (DRD 202)

Problem Failure Reports (DRD 102)
Risk Assessment (DRD 401)
Hardware Specifications  (DRD 302)

Interface Definition Document (DRD 302)
Technical Performance Metrics (TPM) Assessment (DRD 002)
Design/Analysis Data Package (DRD 402)
Design Review Presentation (PSRR, PCoDR, PPDR, PCDR) (DRD201)
Fabrication Plan (DRD 003)
3.0 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.

If any tasks under this contract are implemented on NASA property or in NASA facilities, these tasks shall comply with NPR 8715.3, NASA Safety Manual, as a minimum.  NASA Centers may have more restrictive safety requirements.

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, Guide to Safety of Hydrogen and Hydrogen Systems (note - as logically adapted for the physical properties and characteristics of methane).


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.

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 design improvements, and increase system reliability and supportability - the intent is not to count 9's, but to promote a more robust, capable system.  The following paragraphs should be used in defining the reliability analyses that will be used to asses the design.  Not all analysis techniques are required, but it is up to the contractor to propose a suitable reliability approach.




3.2.1 Failure Modes and Effects Analysis and Critical Items List

The contractor shall perform a Failure Modes and Effects Analysis (FMEA) at a level appropriate for advanced development. Likewise, a Critical Items List (CIL) shall be compiled to document the potential safety critical and mission critical failure modes. Critical Items are specific failure modes associated to a specific hardware item, which are safety critical or mission-success critical. 



3.2.2 Analysis of Test Data

The contractor shall 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 Quality Assurance (QA) program that describes the hardware and software QA work that will be done.  A QA program should be employed to ensure that products conform to specified requirements and demonstrate appropriate processes supporting a progression to flight hardware.  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 non-conformances, 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. 

3.4 Deliverables

Deliverables include 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.

Product Assurance Plan shall be delivered in accordance with DRD 004 for the base and each exercised contract option.  Updates to the base Product Assurance Plan for each option are acceptable.
4.0
LOX/LCH4 Main Engine

The objective of the effort described herein is the design, manufacture, testing and delivery of one 7500 lbf engine workhorse and a 7500 lbf  prototype engine with flight-like bipropellant valves.  This effort will contain two periods of performance: a Base Period and an Option.  During the base period, the contractor will test a workhorse chamber, design and test the bi-propellant valve package, and design the Prototype Engine. If Option 1 is exercised, one prototype will be manufactured and tested, along with sufficient spare parts to fabricate a spare prototype engine.    
4.1 Base Period

4.1.1 Workhorse Engine

The contractor shall provide manpower, facilities, consumables, and materiel to design, analyze, build, test, and deliver one workhorse engine in accordance with the master schedule. The workhorse engine shall include, as a minimum, an injector, igniter, thrust chamber, and a truncated nozzle.  The workhorse engine shall be roughly the same thrust class as the prototype engine. The contractor shall design the workhorse engine for flexibility in order to assess and optimize performance. 



4.1.2 Workhorse Engine Test

The contractor shall perform sea level testing for the assembled workhorse engine.  The contractor shall address startup, shutdown, valve sequencing, and steady state operation.    The contractor shall allow NASA access to all test readiness reviews.  The contractor shall also provide test data to NASA.  The workhorse engine design package and test report shall be provided to the government as a part of the PPDR package.

4.1.3 Bipropellant Valves

The contractor shall analyze, design, manufacture, test two prototype engine bipropellant valves.  The bi-propellant valve (BPV) is considered to be a package that controls the flow of fuel and oxidizer into the injector.  The igniter may have valving separate from the BPV.  The actuation method (e.g., electromechanical and/or pneumatic) shall be established for the BPV and all fluid, electrical, and structural interfaces with the rest of the vehicle shall be defined in an Interface Definition Document. The contractor shall provide an analysis and design package for the BPV as described in master schedule.  The contractor shall test the valves per the PSRD.  The contractor shall have completed the design and testing of the BPV prior to the PCDR.  NASA shall be permitted to attend all reviews with the BPV vendors.  

4.1.4 Prototype Engine Design

The contractor shall design a prototype flight like LOX/LCH4 engine to the CDR level.  The contractor shall conduct a Prototype System Requirements Review (PSRR), a Prototype Concept Design Review (PCoDR), a Prototype Preliminary Design Review (PPDR), and a Prototype Critical Design Review (PCDR) per the master.
The contractor shall provide a list of long-lead items, containing the item designation, proposed vendor, cost, and lead time, to the COTR.  The contractor shall obtain the concurrence of the COTR before initiating procurement of long-lead items.  The contractor shall obtain concurrence of the COTR before starting fabrication of the Prototype Engine.


4.1.5 Milestone Reviews 
The contractor shall conduct a Prototype System Requirements Review (PSRR) within two months of Authority to Proceed. During the PSRR, the contractor shall finalize the Prototype System Requirements Document (PSRD), which will set the requirements for the Prototype Engine.  At the conclusion of the PSRR, the PSRD will be maintained as a contractor-owned and contractor-controlled requirements document.  The contractor shall also develop a subset of the PSRD to cover the workhorse design and testing.

The contractor shall prepare for and conduct a Prototype Concept Design Review (PCoDR), Prototype Preliminary Design Review (PPDR), and Prototype Critical Design Review (PCDR) per the master schedule.  The contents of the PCoDR, PPDR, and PCDR shall comply with DRD TBD.  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 contractor shall allow NASA to attend all milestone reviews, as well as any subcontractor and component reviews.  

4.2 Option 1

4.2.1 Prototype Engine Fabrication
If Option 1 is exercised, the contractor shall provide manpower, facilities, consumables, and materiel to manufacture, assemble, test, and deliver one prototype engine per the master schedule.  The flight like prototype engine shall comply with all specifications defined in the PSRD.  The contractor shall also provide spare parts sufficient to assemble a second prototype engine.  The Prototype Engine shall include the bi-propellant valve package developed during the base period.  The Prototype Engine shall include the necessary instrumentation to assess engine performance. 
4.2.2 Prototype Engine Test

The contractor shall test the assembled prototype engine.  The contractor shall perform testing per TBD of the PSRD and shall address startup, valve sequencing, and steady state operation.  The contractor shall allow NASA access to the TRR.  The contractor shall also provide a test data distribution to NASA.  The design package and test results for the Prototype Engine shall be provided as a part of the PCDR package.

4.3  Deliverables

The contractor shall provide the following deliverables:

Base:

Prototype System Requirements Document

Workhorse Engine System Analysis and Design Package 
Bipropellant Valve Analysis and Design Package
Workhorse Engine Test Plan 
Workhorse Engine Igniter Test Results 

Prototype Engine IDD and Component Specifications 
Workhorse Engine Test Results 
Workhorse Engine 
Prototype Engine Bipropellant Valve Test Results 
Prototype Engine Bipropellant Valves 
Prototype Engine Test Plan 
Prototype Engine System Analysis and Design Package 
Option 1:

Prototype Main Engine with Bipropellant Valves
Prototype Engine Test Results 
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 appendix sets forth the data requirements in each Data Requirements Description (DRD) and shall govern that data required by the contract 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 DRDs are numbered as follows:

0xx
Plans

1xx
Reports

2xx
Review Requirements

3xx
Specifications/Interface Control Documentation

4xx
Other

	DRD Number
	Document
	Due Date
	Quantity
	Type

	001
	Test and Instrumentation Plan
	30 days prior to 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
	Fabrication Plan
	PCoDR.  Updates at PPDR and PCDR
	1 hardcopy 

1 electronic
	3

	004
	Product Assurance Plan
	PCoDR
	1 hardcopy 

1 electronic
	3

	101
	Formal Test Report
	30 days after test
	1 hardcopy 

1 electronic
	2

	102
	Problem Failure Reports
	24hrs following significant failure
	1 hardcopy 

1 electronic
	3

	103
	Quick-Look Test Report
	1 day after test
	1 hardcopy 

1 electronic
	3

	201
	Design Review Presentation Package (PSRR, PCoDR, PPDR, PCDR)
	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
	3

	301
	Hardware Specifications
	PPDR. Update at PCDR
	1 hardcopy 

1 electronic
	2

	302
	Interface Definition Documentation
	PPDR. Update at PCDR
	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 and Models
	PPDR. Update at PCDR
	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 hardware required (including spares), test facility and required facility/rig adaptations, 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 and prototype 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:  Fabrication Plan
DRD NO: 003

The Fabrication Plan shall provide narrative material and flow charts which define the Contractor’s/Sub-Contractor’s manufacturing plan. The Fabrication Plan shall include, but not limited to:

1.
Identification of the site(s) of the operation(s)

2.
Identification of unique/special tooling and facilities required.
3.
Identification of phased fabrication and assembly, including identification of long lead items.
Fabrication Plan shall be submitted with the PCoDR package with updates at PPDR and PCDR.
TITLE:  Product Assurance Plan
DRD NO: 004

The Product Assurance Plan (PAP) outlines the entire structure and plan for the Safety and Mission Assurance program, and describes each of the following activities:
a. Define the interfaces and responsibilities among the Project, SE&I, and S&MA.

b. Incorporate health and safety principles in all planning. 

c. Perform assessment and documentation of each hazard. 

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

e. Provide a reliability, maintainability, and parts assurance program appropriate to the needs of the project. 
f. Provide for an effective Quality Assurance (QA) Program, which assures that quality requirements are met through control of design, operations, processes, procedures, testing, and inspection. 

g. Provide for a software development approach that complies with NASA Software Policy. 
h. 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 PCoDR 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

7. Appropriate Product Assurance procedures

8. Conclusions and recommendation

This report shall be a Formal Report (NASA Cars) prepared in accordance with the guidelines for Formal Report outlined in GRC Technical Memorandum 100270 that can be reviewed at http://ltid.grc.nasa.gov/Publishing/editing/vidcover.htm.
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, schedule, or cost. The Contractor shall notify the NASA COTR of such problems/failures within twenty-four (24) hours of the problems/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

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

A Quick-Look Test Report (QLTP) 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 QLTP shall be issued within 1 working day of the conclusion of each test.  Each QLTP 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 thirty (30) calendar days after request.

TITLE:  Design Review Presentation/Package
DRD NO: 201

A Design 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 design 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. An analyses and supportive 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. One (1) transparency of each figure requested by the NASA COTR
7. Products from previous design reviews may be reused (if unchanged) but must be included in the design package for completeness
In addition, the following items shall be submitted for the indicated reviews:

A. Prototype System Requirements Review (PSRR)

1.  Propulsion System Requirements Document

B. Conceptual Design Review (PCoDR)

1. Draft\ drawings and specifications

2. Estimated operating characteristics

3. Initial Design Requirements

4. Estimated Cost and Schedule
5. Overview of work horse and prototype design and testing

6. Technical Performance Measures

7. Scaleability of prototype design to other thrust levels
C. Preliminary Design Review (PPDR)

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 schedular projections

10. Metrics assessment

D. Critical Design Review (PCDR)

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 required to take the Prototype Engine Design to the Flight Development Level.
Each Design Review Package shall be submitted no less than 5 days prior to the start of the review
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. 
8. Safety and Hazard Analysis

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

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

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

In addition to the above, the Contractor shall provide one (1) transparency of each figure request by the NASA COTR.  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 system prototype engine components and support equipment.  Hardware specification shall be submitted as part of the PPDR and PCDR design packages.
TITLE: Interface Definition Documents
DRD NO: 302

The IDD containdescribes the engine side of the mechanical, electrical, and fluid interfaces with the propulsion and vehicle system.  The IDD shall clearly describe all external interfaces. The IDD shall be submitted with the PPDR and PCDR packages.
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 and Models
DRD NO: 402


Analysis shall be made to predict performance within the operating boundaries defined in the Prototype Requirements Document (PSRD) 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.
