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PREFACE

The payload-unique Integration Agreement (IA) is the Payload Developer (PD) and Fluids and Combustion Facility (FCF) Utilization Team agreement on the responsibilities, tasks, and requirements that directly relate to the assignment and integration of the payload into the FCF on the International Space Station (ISS).  The IA further defines the roles and responsibilities, technical requirements, and schedules to integrate, launch, operate, and return an FCF payload.  

The FCF is being developed under the Space Flight Systems Development and Operations Contract (SpaceDOC), the follow-on to the MRDOC, through sponsorship of the National Aeronautics and Space Administration (NASA) John H. Glenn Research Center (GRC).  The FCF is a modular, multi-user experimentation facility for conducting fluid physics and combustion science experiments in the microgravity environment of the ISS.  The FCF consists of two laboratory facilities: the Fluids Integrated Rack (FIR), and the Combustion Integrated Rack (CIR). 

The Multi-user Droplet Combustion Apparatus (MDCA), which operates within the CIR, is a modular, multi-user experimentation mini-facility for conducting droplet combustion science experiments in the microgravity environment of the ISS.  The MDCA is being developed under the MRDOC, through sponsorship of NASA and GRC.

The abbreviations and acronyms list is found in APPENDIX A.  The glossary of the terms requiring definition is found in APPENDIX B.  
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1.0 INTRODUCTION

1.1 Purpose

The IA is the primary management and technical agreement between PD and the FCF Utilization Team.  Throughout this document, the MDCA Project Team shall be referred to as the PD, and the MDCA, with its complement of experiments, shall be referred to as the payload.  The IA specifies management and technical activities required for integration, transportation, launch, on-orbit operation, and return of the payload.  The appendices of this document provide the detailed set of on-orbit resources to be implemented for conducting science investigations. 

The CIR/MDCA Utilization Schedule, which is referenced throughout this document, is negotiated between the PD and the FCF Utilization Team.  It identifies planning, integration, and operation milestones (such as reviews, resource requirements, document deliverables, testing, verification and data submittals for the ISS Program) required manifesting and operating the payload on a particular increment. 

1.2 Scope

This IA defines management roles and responsibilities, flight and ground safety requirements, interface design requirements, verification and testing requirements, operational requirements, launch/landing site processing requirements, and resource and interface commitments for the Multi-user Droplet Combustion Apparatus (MDCA) and its payload elements.  Appendix C documents the set of on-orbit resources required for the Flame Extinguishment 1 (FLEX-1) experiment. Appendix D documents the set of on-orbit resources required for the Flame Extinguishment 2 (FLEX-2) experiment

The ISS Data Sets document the requirements for planning, configuration, training, ground data services, payload operations, procedures and displays, command and data handling, as well as Kennedy Space Center (KSC) technical and support requirements.  A description of the Data Sets is defined in FCF-IA-DS-HB.

1.2.1 Documentation

The primary documentation required to ensure proper integration of the payload consists of the IA, the Interface Control Document (ICD) and the Payload Verification Plan (PVP).

1.2.2 Approval Authority

The IA, ICD, PVP, and associated changes are to be approved jointly by the FCF Utilization Team and the PD.  

1.2.3 Configuration Management

This document is under the Configuration Management of ZIN Technologies; however, any changes or revisions to the baseline version must be approved by the ESD Control Board Chair.

1.2.4 Intellectual Property and Goods

Each Participant to this IA is obligated to transfer to the other any and all technical data and goods necessary to fulfill its responsibilities under this IA, subject to the following:

All payload data requested will be used exclusively for the purpose of assigning payload resources, relevant to integration, accommodations, services, operations, safety, and document development.  This data includes detailed design data, but excludes manufacturing, processing data, and associated software.  Design data will be exchanged without restriction as to use or disclosure for the purpose of integration of the payload into the FCF.  In the event of transfer of proprietary or export controlled technical data or goods for which protection is to be maintained, such technical data or goods will be adequately marked with a notice indicating that the technical data or goods will be used and disclosed by the receiving Participant and its contractors and subcontractors only for the purpose of fulfilling the receiving Participant’s responsibilities under this IA.  Proprietary or export controlled technical data or goods will not be disclosed or further distributed to any other entity without prior written permission of the originating Participant.  The receiving Participant agrees to abide by the terms of this notice and to protect any such marked technical data or goods from unauthorized use and disclosure.  The PD, through the FCF Utilization Team, will assure compliance with SSP 50223.

The Participants are under no obligation to protect any unmarked proprietary technical data, documentation, or other unidentified protected goods. 
1.3 Precedence

In the event of an inconsistency among payload integration documentation contained within the applicable documents, resolution will be achieved by observing the following order of precedence:

a. Safety documents

b. Payload Integration Agreement for Fluids and Combustion Facility (SSP 57117)

c. C.  Multi-User Droplet Combustion Apparatus Integration Agreement Main Volume (FCF-IA-MV-MDCA)

1.4 Public Information

Either participant may make distribution of information in this document to the public after agreement with the other participant as further referenced in section 1.2.4of this document.

The ISS communications system is considered sufficiently secure to protect the downlink of sensitive material.  On-board, password protection may be desired for some information.  Distribution of sensitive material following receipt by the ground via mail, fax, or electronic means will be done using appropriate data privacy measures.  The PD will supply encryption equipment (flight and ground) and requirements for secure communications channels and encryption techniques if the PD determines that this level of protection of proprietary payload data is justified.

1.5 Financial Arrangements

Each Participant involved, unless otherwise mutually agreed upon, will sustain the cost of discharging their respective responsibilities under this IA.  The technical agreements contained within this IA will be subject to the availability of appropriated funds.  Should either Participant encounter financing problems, that Participant will notify the other Participant in a timely manner.

1.6 Entry into Force and Duration

This IA shall enter into force on the date of the last signature hereon and will remain in force until: completion of all activities under this agreement or termination by mutual agreement by all Signatories.

2.0 DOCUMENTS

2.1 Applicable Documents

The following documents require reference and/or action by the users of this IA.  The list below includes specifications, models, standards, guidelines, handbooks, and other special publications.  The current issue of the following ISS documents is identified in SSP 50257.  The documents listed in this section are applicable to the extent specified herein.  Inclusion of applicable documents herein does not in any way supersede the order of precedence identified in section 1.3of this document.

2.1.1 Government Documents

	FCF-GPVP-CIR
	Combustion Integrated Rack Generic Payload Verification Plan

	FCF-IA-DS-HB
	Integration Agreement Data Set Handbook for Fluids and Combustion Facility Payloads

	FCF-IA-DS-MDCA
	Integration Agreement Data Set for the Multi-User Droplet Combustion Apparatus

	FCF-ICD-CIR-MDCA
	Multi-User Droplet Combustion Apparatus Interface Control Document

	FCF-PLN-0788
	FCF User Training/Certification Plan

	N/A
	CIR/MDCA Utilization Schedule

	FCF-PLN-0031
	Ground Processing Plan Fluids and Combustion Facility

	FCF-PLN-0875
	FCF Utilization Process

	FCF-PVP-CIR-MDCA
	Multi-User Droplet Combustion Apparatus Payload Verification Plan Fluids and Combustion Facility

	FCF-TPP-1108
	FCF Environmental Test Plan

	KHB 1700.7
	Space Shuttle Payload Ground Safety Handbook

	NASA-STD-3000/T
	ISS Crew Integration Standard

	NASA-STD-5003
	Fracture Control Requirements for Payloads Using the Space Shuttle

	NSTS 1700.7B
	Safety Policy and Requirements for Payloads Using the International Space Station 

	NSTS 1700.7B/ISS Addendum
	Safety Policy and Requirements for Payloads Using the Space Transportation System

	NSTS 08242
	Limitations for Non-flight Materials and Equipment Used In and Around the Space Shuttle Orbiter Vehicles

	NSTS/ISS 13830
	Payload Safety Review and Data Submittal Requirements for Payload Using the:  Space Shuttle, International Space Station

	NSTS 14046
	Payload Verification Requirements

	NSTS 18798
	Interpretations of NSTS/ISS Payload Safety Requirements

	NSTS 21000-IDD-MDK
	Shuttle/Payload Interface Definition Document for MDK Accommodations

	NSTS 21000-SIP-MDK
	Shuttle/Payload Standard Integration Plan for Middeck-Type Payloads

	NSTS 37329
	Structural Integration Analyses Responsibility Definition for Space Shuttle Vehicle and Cargo Element Developers

	SSP 50004
	ISS Ground Support Equipment Design Requirements

	SSP 50005
	International Space Station Flight Crew Integration Standard (NASA-STD-3000/T)

	SSP 50223
	International Space Station Export Control Plan

	SSP 50257
	Program Controlled Document Index

	SSP 50431
	Space Station Program Requirements For Payloads

	SSP 50502
	ISS Hardware Pre-Flight Imagery Requirements

	SSP 52005
	Payload Flight Equipment Requirements and Guidelines for Safety-Critical Structures

	SSP 52000-PAH-KSC
	International Space Station Payload Accommodations Handbook – Payload Processing Accommodations at KSC

	SSP 52054
	ISS Program Payloads Certification of Flight Readiness Implementation Plan, Generic

	SSP 57117
	Payload Integration Agreement for the Fluids and Combustion Facility

	SSP 58002
	Multilateral Payload Regulations

	SSP 58309
	Payload Training Implementation Plan (NPTIP)

	SSP 58313
	NASA Payload Regulations

	SSP 58700-ANX
	U.S. Payload Operations Data File Management Plan Annex 5:  Payload Display Review


2.2 Reference Documents

The following documents contain supplemental information to guide the user in the application of this document.  These reference documents are not specifically cited within the text of this document.

	DoD STD 100
	Engineering, Drawing Practices

	FCF-IDD-CIR
	Combustion Integrated Rack Payload Interface Definition Document

	GRC-M0510.002 
	Space Assurance Requirements and Guidelines (SARG)

	MSFC-PLAN-2846
	NASA Payload Training Implementation Plan (NPTIP)

	SSP 50123
	Configuration Management Handbook

	SSP 52000-PAH-PRP
	ISS Payload Accommodations Handbook - Pressurized Payloads

	TSC-DOC-006
	GRC Telescience Support Center User Guide


3.0 MANAGEMENT OVERVIEW

3.1 General Payload Description

The MDCA is a mini-facility designed to support Principal Investigators (PIs) interested in studying various aspects of fire suppression/flame extinguishment investigations in a microgravity environment.  The MDCA will be integrated into the CIR on-board the ISS.

The MDCA will support the Flame Extinguishment Experiment (FLEX).

The MDCA hardware consists of the Chamber Insert Assembly (CIA), PI-specific Diagnostics Packages, and an Avionics Package.  The CIA provides the platform and mechanisms for the combustion event, including dispensing, deploying, and igniting fuel droplets.  Current MDCA diagnostics consist of a Color Camera, and a Radiometer Package, as well as an MDCA-provided modified lens for the CIR-provided camera High Bit Depth/Multi spectral Imaging Package (HiBMs).  The Avionics Package is the center of control and power distribution for the MDCA and is mounted on the CIR Optics Bench.

The MDCA will use the Combustion Chamber to maintain specific environments, to provide structural support to the MDCA CIA, and to provide unobstructed views and alignment of the MDCA CIA for the diagnostic packages.  The CIR-provided water-cooling will control the temperature of the CIA.  The CIR also provides additional diagnostics, power, data storage and processing, fluid control, interconnections, and a crew/ground interface.  The crew will secure the CIA to the inside of the Combustion Chamber, making any necessary connections.  During the mission, the crew may replace various items (e.g. igniters, the fiber support mechanism, fuel syringes, tubing, and deployment needles) on the CIA.

3.2 Payload Function

The MDCA’s function is to provide an on-orbit test bed capable of modeling fire suppression and post-fire recovery investigations to validate and define preliminary Crew Vehicle design rules.  The MDCA will allow investigation using pure liquid fuels and mixtures of liquid fuels at various chamber atmosphere pressures, compositions, and oxygen concentrations.  The modular design of MDCA allows for flexibility in configuring for specific experiments and easy maintainability of the hardware.
3.3 Responsibilities

The responsibility for ensuring the definition, control, implementation, and accomplishment of requirements and activities specified within this document is vested within the FCF Utilization Team and the PD.  The FCF Utilization Team is responsible for the integration of the payload into the FCF, operation of the FCF, and interfacing with the ISS Program.  The PD is responsible for the development of the payload, operation of the payload within the FCF, and support of the FCF-led activities.  The FCF Utilization Team and the PD shall staff pertinent analytical and physical integration and operations activities, as identified within this IA, in order to meet the deliverables and milestones identified in the CIR/MDCA Utilization Schedule.

3.3.1 FCF Utilization Team Responsibilities

The FCF Utilization Team shall perform the following activities:

d. Coordinate the payload planning, mission integration, engineering integration, operations of the payload as defined in FCF-PLN-0875.

e. Ensure the safety of the integrated element’s payload complement at all times, requiring compliance with specific safety documents (e.g., NSTS 1700.7B, NSTS 1700.7B ISS Addendum, etc.).

f. Provide all necessary FCF requirements, information and documents, and access to the ESD Payload Integration website to the PD within a timeframe that enables the PD to meet the commitments identified in this IA.

g. Manage, review, and resolve integration and operational issues.

h. Assess the contents of all relevant payload-unique documentation and engineering data to determine whether the FCF and the appropriate launch vehicle programs can meet payload requirements.  Negotiate alternative solutions for requirements that cannot be satisfied. 

i. Provide the PD access to all pertinent FCF, ISS and launch vehicle-provided flight hardware, development simulator(s), verification equipment, facilities, and Ground Support Equipment (GSE), as noted in the CIR/MDCA Utilization Schedule. 

j. Coordinate and provide technical support for the analytical integration, physical integration, and testing of payload components with the CIR Engineering Development Unit (EDU) and the CIR Flight Unit.  

k. Assess and integrate the requirements for the Payload Operations Integration Center (POIC) and Payload Data Services System (PDSS).  These services will include all ground data services required for user training, simulations, and on-orbit operations.

l. Coordinate the development of integrated training requirements, integrated training products and perform all payload-unique training of the crew and the Ground Support Personnel (GSP), with PD support as defined in FCF-PLN-0788.

m. Negotiate and manage the provision of the ISS and the transportation vehicle/carrier resources required for the payload during transportation to and from orbit and while on the ISS, including ascent/descent mass and volume, on-orbit stowage, crew time, power, cooling water, data downlink, use of ISS GN2, VES, and use of station tools and materials.

n. Coordinate the physical disintegration of the payload and samples from the FCF and transportation vehicle/carrier.

o. Coordinate and manage the return or disposal of the payload consumables, and associated expendables from the ISS.  After disintegration, ensure their availability to the PD.

p. Provide methods to maintain/control proprietary information on a limited need-to-know basis (e.g., toxicology data). 

q. Manage and provide technical support during the on-orbit operations of the payload with the FCF.

r. Support PD Phase 0/I/II Ground and Flight Safety Reviews and lead development of safety data packages and presentations for the integrated Phase III Ground Safety Review (GSR) and the integrated Phase III Flight Safety Review (FSR).
s. Coordinate and manage the implementation of the Certification of Flight Readiness (CoFR) process consistent with SSP 52054.
t. Develop and maintain, with support of the PD, the FCF-ICD-CIR-MDCA, FCF-PVP-CIR-MDCA, and CIR/MDCA Utilization Schedule 
u. Coordinate PD general use equipment needs with the ISS Program.  
v. Provide access to the FCF Ground Central Data System (CDS) including the mechanism to achive data on removable media.
w. Provide access to the Command and Engineering Science (CES) database for entry of payload commanding and telemetry information.
x. Provide hardware, per the FCF Quantity Required by MDCA column, required for PD operations as noted in TABLE VII.
y. Provide for the cleaning, filling, verification, and certification of all Fuel/Oxidizer Management Assembly (FOMA) and Gas Chromatograph (GC) gas bottles and all CIR Adsorber Cartridges.  Label all gas bottle and Adsorber Cartridge assemblies to Decal Design and Production Facility (DDPF) standards.  Provide bottle assembly valve covers.  Procure additional gas bottles per the MDCA provided column in TABLE VII.  For the additional bottles procured when needed prior to FLEX, this includes only the cost of the additional guide plates, not the bottles themselves.
z. Perform fluid charging of all MDCA components that interface with ISS cooling water, including hoses and fluids quick-disconnect fittings.  Fluid charging of the hoses and fluids quick-disconnect fittings will be done prior to shipping to KSC.  Check water quality prior to custodial turnover at KSC. 
aa.  Provide a special cable from the FCF I/O Processor to the Optics Bench to allow the PD to transfer analog video signals.

ab. Ensure that uncoated chamber window is installed adjacent to UML #3 on the Optics Bench.   

3.3.2 Payload Developer Responsibilities

The PD shall perform the following activities:

ac. Provide the applicable deliverables to the FCF Utilization Team as defined in the CIR/MDCA Utilization Schedule.

ad. Provide flight and ground safety certification statements to the FCF Utilization Team per NSTS/ISS 13830.  Present Phase 0/I and Phase II Ground and Flight Safety Data Packages to KSC and Johnson Space Center (JSC) respectively.  Support the preparation and presentation of the integrated Phase III FCF Ground and Flight Safety Data Packages.

ae. Support implementation of the CoFR process consistent with SSP 52054.

af. Provide support to the FCF Utilization Team, ISS, and appropriate transportation vehicle program relative to analytical and physical integration and disintegration activities.

ag. Support, as appropriate, the structural, mechanical, materials, acoustics, Electromagnetic Compatibility/Electromagnetic Interference (EMC/EMI), avionics, thermal, flight planning, flight operations, ground operations, and other technical areas essential to the review and resolution of integration and operational issues. 

ah. Provide support for all programmatic reviews as documented in the CIR/MDCA Utilization Schedule.

ai. Provide engineering drawings and photographs of payload-provided hardware per SSP 50502.  The documentation photography should show all areas of the payload where repair or service may be required and shall include photography of interface/tools.

aj. Provide the appropriate training, training support, training documentation, trainer(s), as  and other resources to support the training requirements.

ak. Provide Reliability, Maintainability, and Quality Assurance (RM&QA) and problem reporting/tracking in accordance with GRC-M0510.002.

al. Archive payload analysis, test data, and inspection data required to substantiate closure of all payload interface verification requirements. 

am. Coordinate and manage the payload operations within the CIR.

an. Provide software for ground commanding, receipt of downlinked data, and viewing of payload hardware telemetry health and status.

ao. Provide on-orbit crew displays to allow command and control of payload hardware.  Displays shall conform to, and be integrated with, FCF displays.

ap. Provide re requirements, design, and operational characteristics for all Computer Software Configuration Items (CSCIs) integrated into FCF subsystems.

aq. Yield to the FCF Operations Lead when action is required to ensure the safety and health of the crew and/or the FCF.

ar. Complete design in accordance with the FCF-ICD-CIR-MDCA.  Perform payload-specific verification responsibilities as listed in FCF-PVP-CIR-MDCA.

as. Deliver the MDCA flight hardware as defined in the CIR/MDCA Utilization schedule for verification and turnover at KSC.

at. Maintain configuration management /control of any FCF-provided equipment and/or simulators.  Obtain FCF Utilization Team approval prior to modification of any FCF-provided equipment and/or simulators.

au. Provide the FCF with detailed specifications for FOMA and GC bottles in the FCF-IA-DS-MDCA.  Verify FCF certification for proper specifications.

av. Provide FCF with material specifications for charging of the CIR Adsorber Cartridge in the FCF-IA-DS-MDCA.  Verify FCF certification for proper specifications.

aw. Provide FCF with CIR Adsorber Cartridge material where a substitution is made for the standard CIR materials in the FCF-IA-DS-MDCA.  Verify FCF certification for proper specifications.

ax. Provide a safety assessment, including test and analysis, to determine the worst-case composition of gases and vapors being vented to the ISS, and soot production constituents and quantities introduced to the Combustion Chamber.

ay. Provide the payload-unique lens for use with the CIR HiBMs Imaging Package for the Flame Extinguishment Experiment (FLEX).  Provide environmental testing of the payload-unique lens for use with the HiBMS package as specified in FCF-TPP-1108.

az. Provide the Color Camera as required by all MDCA experiments.

ba. Provide any additional hardware not provided by FCF per the MDCA provided column in TABLE VII.  For the additional bottles procured when needed prior to FLEX, this includes only the cost of the additional bottles, not the guide plates.

bb. Provide the threaded fitting to connect the fluid hoses with the Accumulator.

3.3.3 Joint Responsibilities

The FCF Utilization Team and the PD shall perform the following activities as part of their agreed-to responsibilities:

bc. Resolve, at the lowest possible management level, any disparity between specified requirements and the ability of the FCF Utilization Team or PD to comply with requirements that could affect safety, schedules or mission success. 
bd. Ensure that all activities, facilities, services, and resources required, to support transportation to the launch site, pre-launch, launch, landing, and operation for a payload, are provided as specified within this IA.

be. Perform integration and testing of the MDCA modified CIR HiBMs Imaging Package.

bf. Evaluate all MDCA experiment diagnostic layouts for compatibility with CIR capabilities and hardware.  The FCF Utilization Team shall provide an assessment of all layouts for compatibility with MDCA hardware when unused UMLs are used to stow FCF diagnostics.  Work to resolve discrepancies.

bg. Evaluate all MDCA experiment cable layouts for compatibility with CIR capabilities and hardware.  Work to resolve discrepancies.

4.0 FLIGHT AND GROUND SAFETY REQUIREMENTS

It is the responsibility of the PD to assure the safety of its payload and GSE.  It is the responsibility of the FCF Utilization Team to assure the safety of all rack level hardware and software at GSE.  All PD-provided components and GSE shall be designed and operated to comply with the requirements of NSTS 1700.7B, NSTS 1700.7B ISS Addendum, and KHB 1700.7.  Implementation of these requirements shall be accomplished in accordance with NSTS/ISS 13830.  These safety requirements are supplemented by the interpretations and clarifications contained within NSTS 18798. The payload will meet these requirements at the launch/landing sites and during flight operations, on-orbit operations, and ferry flights.

4.1 General Flight and Ground Safety Requirements

1. The PD shall ensure that the payload and PD-provided GSE design and operations comply with the safety requirements defined herein.  The FCF Utilization Team shall ensure that the CIR and CIR-provided GSE design and operations comply with the safety requirements defined herein.  The Payload Safety Review Panel (PSRP), Ground Safety Review Panel (GSRP), GRC Area Safety Committee, and Safety and Mission Assurance Directorate (SAMD) will assess the payload compliance with the safety requirements through flight and ground safety reviews and safety certification.  

2. The PD and FCF Utilization Team shall provide disclosure of all operation parameters via the Command and Data Handling Data Set. This will include any safety-related items such as: pressure, temperature, voltage, and power or any parameter monitoring.  These parameters will be made available to the FCF Utilization Team during on-orbit operations.

3. The PD shall provide disclosure of the contents of all substances including proprietary material used in or produced by the payload during either ground or flight operations.  The FCF Utilization Team shall provide disclosure of the contents of all substances including proprietary material used in or produced by the CIR during either ground or flight operations.  These disclosures will be made to the safety panel in the normal submittal of payload hazard reports, and documented within the FCF and PD Material Identification Usage Lists (MIULs).

4. The PD and FCF Utilization Team shall identify all on-orbit maintenance and verification activities, as well as constraints required by hazard reports.  The PD shall provide monitoring methods, the crew time required to perform maintenance activities and the schedule for completing these activities. 

4.2 Safety Review Requirements

5. The FCF Utilization Team will submit appropriate rack level documentation to the PD for integration into the Safety Data Packages in support of Phase 0/I/II Flight and Ground Safety Data Packages.  Referencing NSTS 13830 for review and data submittal requirements.  The PD shall submit Phase 0/I/II safety documentation directly to the KSC GSRP or PSRP.  The PD, with support of the FCF Utilization Team, shall be responsible for the preparation and presentation of the Payload Safety Data Package to the appropriate safety review board.

6. The PD shall submit Phase III safety documentation to the FCF Utilization Team for integration into the FCF/PD Safety Data Package in support of the integrated Phase III flight and ground safety reviews.  After PD review, the FCF Utilization Team shall submit the integrated FCF/PD Safety Data Packages to the GSRP or PSRP.  The FCF Utilization Team, with support from the PD, shall be responsible for the presentation of the integrated FCF/PD Safety Data Package.

7. The PD shall identify and report to the PSRP and the ISS Program through the FCF Utilization Team any open payload verification status items from the Integrated Phase III Flight Safety Review, as reported in the Payload Flight Safety Verification Tracking Log, and provide rationale for acceptance of this condition prior to commencement of KSC ground processing.  Similarly, the FCF Utilization Team shall report open rack level verifications and keep the PD informed.  Flight safety certification must be completed 5 weeks prior to the ISS Flight Readiness Review (FRR).

8. When changes to design or operations of the payload and/or GSE are required subsequent to the Integrated Phase III Safety Review, the PD shall provide an assessment for those changes for possible safety implications.  The PD assessment will be sent to the PSRP, GSRP, or SAMD for approval through the FCF Utilization Team.  The FCF Utilization Team will obtain PSRP, GSRP or SAMD review and approval.  The assessment will also include the reason for the change and the safety impact, if any.  The FCF Utilization Team shall assess changes in design or operations of the rack hardware or GSE required, subsequent to the integrated Phase III review, for safety concerns.  The FCF Utilization Team will keep the PD informed of these developments.

9. The PD shall prepare and submit new or revised hazard reports and support data to the FCF Utilization Team when applicable.  Similarly, the FCF Utilization team will prepare and submit new or revised hazard reports and support data for rack hardware, software, and GSE.  The need for a delta Integrated Phase III Safety Review will be depend on the hazard potential involved.  The satisfactory completion of these activities is mandatory prior to launch.

All verification activities including post-integrated Phase III Safety Review operations will be reported to the FCF Utilization Team by procedure numbers, location where performed, and date as described in NSTS 13830.

Changes to GSE design and ground operations must be submitted to the FCF Utilization Team prior to use of the GSE or procedure.  The FCF Utilization Team will forward the information to the GSRP as required.

The payload configuration (including systems and procedures) will be reviewed by the FCF Utilization Team with PD participation to highlight safety concerns and resulting operations decisions.      

10. The PD shall submit a flight readiness statement for the payload to the FCF Utilization Team, to support the FRR, in accordance with SSP 50108.

4.2.1 Payload Design and On-Orbit Operations Requirements

11. The PD shall ensure that the payload design, including interfaces and operations, complies with the requirements of NSTS 1700.7B and NSTS 1700.7B ISS Addendum as found in the FCF-ICD-CIR-MDCA.  These safety requirements are supplemented by the interpretations and clarifications contained within NSTS 18798.  The payload will meet these requirements at the launch/landing sites and during flight operations, on-orbit operations, and ferry flights. 

12. The PD shall perform all interaction/interface safety analyses for the payload interfaces.  The analysis will define assumptions made by the PD with respect to services and operations associated with hazardous payload functions.  The analysis will identify potential payload failures that could propagate and exceed the design criteria in FCF-ICD-CIR-MDCA. 

13. The PD shall report payload safety status changes to the FCF Utilization Team.  The FCF Utilization Team reports payload safety status changes to the POIC.

During real-time ISS operations, the ISS Program has final safety responsibilities.  The POIC, with support from remote sites, if necessary, has the responsibility to support the ISS Program by reporting changes in the payload safety status and providing expert advice on safety matters affecting the payload or its operation.

4.2.2 Ground Support Equipment Design and Ground Operations Requirements Compliance 

14. The PD shall conduct hazard analyses for the payload and GSE, prepare safety data packages, and participate in phased safety reviews in accordance with the procedures defined in NSTS 13830.  The PD shall ensure that all of the newly designed and fabricated hardware/software categorized as GSE, that is to be permanently turned over to the ISS Program, complies with the requirements of SSP 50004.

15. The PD shall submit hazardous and non-hazardous Technical Operating Procedures (TOPs) to the FCF Utilization Team 60 days before first use.  The TOPs will then be reviewed by the FCF Utilization Team and forwarded to the appropriate KSC representatives.  The hazardous TOPs are required to be approved by the Launch Site Safety Office (LSSO), published, and on-the-shelf 30 days prior to use (10 days prior to use for revisions), in accordance with KHB 1700.7.

16. The PD shall provide Material Safety Data Sheets (MSDS) for materials which could pose a hazard to ground personnel in accordance with KHB 1700.7.

5.0 INTERFACE DESIGN REQUIREMENTS, VERIFICATION, AND TESTING

17. The FCF Utilization Team and PD shall jointly approve the FCF-ICD-CIR-MDCA and FCF-PVP-CIR-MDCA.

18. The FCF Utilization Team shall perform analysis of the integrated FCF/payload to ensure that on-orbit FCF/payload complements are safe, compatible, and operable with the ISS and STS systems and interfaces.

19. The FCF Utilization Team shall work with the PD to ensure that all payload verifications are complete and accurate.  All verifications shall be submitted to the FCF Utilization Team as documented in the FCF-PVP-CIR-MDCA.

20. The FCF Utilization Team shall certify to the ISS Program that all verifications are complete, accurate, and have been submitted to the ISS Program as required by NSTS 14046, NSTS 37329, and NASA-STD-5003.

21. The PD shall submit Data Set information via the ESD Payload Integration web site in accordance with the submittal dates identified in the CIR/MDCA Utilization Schedule.  

22. The PD shall ensure that the payload components comply with material and equipment requirements defined in KHB 17007.7 and NSTS 08242, during KSC ground operations in or around the Shuttle.

23.  The PD shall be responsible for the verification of the payload hardware and software interface requirements in accordance with the FCF-PVP-CIR-MDCA.  

24. The PD shall verify interfaces and safety requirements with the use of the EDU, and Ground Integration Unit/Payload Rack Checkout Unit (GIU/PRCU).  The scheduling of the EDU and, GIU/PRCU, is initiated by PD request to the FCF Utilization Team.  The FCF Utilization Team shall coordinate and schedule the use of the EDU and, GIU/PRCU will not cause damage to these units.  The PD shall provide a preliminary assessment to the FCF Utilization Team that their use of the EDU, GIU/PRCU, and flight unit will not cause damage to these units.

25. The FCF Utilization Team shall provide FCF Simulators and the appropriate EDU to the PD to support verification testing as required.  The FCF Utilization Team shall also provide the PD with technical support related to the operation and usage of this equipment.

26. The FCF Utilization Team, with PD support shall provide certification of flight readiness endorsement statements to the ISS Program consistent with the requirements and process defined in SSP 52054.

6.0 OPERATIONAL REQUIREMENTS

The requirements for payload planning, training, operating procedures and references, ground data services, on-orbit payload verification and checkout, and baseline data collection are contained in this section.  

The PD shall support operations working group meetings on a weekly basis to discuss operational requirements. 
In real-time, the PD shall operate the payload in accordance with the policies and procedures established by SSP 58002 and SSP 58313.

6.1 Payload Planning Requirements Data Set 

The PD shall provide payload planning and resource requirements specifications to the FCF Utilization Team through the Payload Planning Requirements Data Set.  These include such on-board resources as crew time, power, thermal, command and file uplink, and data downlink requirements.  Using the payload, systems, and program requirements and constraints, the FCF Utilization Team shall develop integrated payload/FCF increment plans.  The FCF Utilization Team shall provide the PD with integrated planning products for reference, including the Payload On-orbit Operations Summary (PL OOS), via the Increment Operations Plan (IOP).  Payload Planning Requirements Data Set inputs are then used to generate the IOP.

6.2 Payload Training Requirements Data Set

The data requested in this data set will be related to training required for payload activities supported by both the crew and GSP.

The FCF Utilization Team and the PD shall jointly participate in the Training Strategy Team (TST) process for the purpose developing crew and GSP training and simulator requirements.  The TST process is documented in detail in SSP 58309/NPTIP.  The requirements discussed and agreed to during the TST process will be documented in the Payload Training Requirements Data Set.


To support payload training, the PD shall develop and deliver a payload simulator and/or trainer to the FCF Utilization Team and/or JSC as defined by the TST process.  This payload simulator and/or trainer shall be capable of supporting crew training on nominal, maintenance, safety-related, and limited malfunction operations.

The PD shall support, via FCF operations working group meetings, the development of training plans (which are integrated with FCF training plans on an incremental basis), procedures, courseware, Computer Based Training (CBT), or other materials for all training related to the payload.  This also includes the development of flight products such as crew procedures and displays to support training verification activities.   

The ISS Program, represented by the POIC Payload Operations Director, will certify the PD operations team to interface with the crew on-board the ISS and to interface with the POIC.  This certification will be based on training requirements included in FCF-PLN-0788.

The PD shall provide team member names and functions to the FCF Utilization Team during the training process in order to determine individual PD team member training curriculums.  This curriculum may include participation in simulations integrating the crew and the GSP.

The FCF Utilization Team shall train and certify the PD for rack operations.

6.3 Payload Operations Data Set

The Payload Operations Data Set documents detailed operational requirements for payload flight operations as well as communication and coordination requirements.  The data required to develop operations flight products includes the following:

27. Procedures (Installation, on-orbit operations and removal)

28. Short Term Plan

29. Flight Plan (for joint sessions)

30. Flight Rules

31. Launch Commit Criteria

32. Software descriptive documentation

33. MCC-H Console reference documentation.

6.4 Payload Procedures and Displays Data Set

The Payload Procedures and Displays Data Set documents command procedures, and payload messages.  The procedures are used to operate and maintain ISS payloads, Payload Support Systems, and Laboratory Support Equipment.

34. The PD shall provide manual payload operating procedures and reference materials (e.g., Earth observation maps, operations nomenclature for loose items, validation record, validation plan, engineering drawings, schematics, maps, message lists, and hardware diagrams etc.).  These inputs will include activation and checkout, nominal (including installation), malfunction, corrective, quick response procedures, and log files for both the Earth-To-Orbit Vehicle (ETOV) and on-orbit operations.  The FCF Utilization Team will integrate these procedures and references into a single submittal to the Payload Operations Data File (PODF), but the PD procedures will remain standalone where appropriate.  Procedures are configuration managed via the Payload Information Management System (PIMS).

35. The PD shall provide specific procedures to the FCF Utilization Team for use in response to on-board payload, FCF, or ISS anticipated contingencies.  

36. The PD shall provide payload displays and operational reference information (e.g., non-dynamic displays, dynamic displays, hardware diagrams, and engineering drawings and operations nomenclature) for operability and human computer interface assessments of the payload procedures and displays.  The PD shall provide displays data via the Online Project Management System/Payload Information Management System (OPMS/PIMS).

All PDs developing displays shall conform to the requirements of SSP 50005, NASA-STD-3000/T, section 9.4.2.3.2 and SSP 58700-ANX5.  The PD shall submit the payload displays to the ISS Program Payload Display Review Panel (PDRP) for approval.

6.5 Ground Data Services Data Set

The PD shall provide the ground data services detailed requirements through the Payload Ground Data Services Data Set.  These services include payload-unique services required in the Telescience Support Center (TSC) or PD remote site, including network and/or hardware connectivity requirements.  The Ground Data Services Data Set also addresses the PD identification of voice loop requirements, data service requirements, and facility requirements.

7.0 LAUNCH/LANDING SITE PROCESSING

GRC and KSC Launch Site Processing includes off-line support, both physical integration and disintegration, and the checkout of payload interfaces to high-fidelity FCF Rack and Orbiter simulated interfaces and actual Orbiter interfaces.  Payload processing activities extend from initial FCF interface testing through post-landing phases, including supporting late access to the Multi-Purpose Logistics Module (MPLM) and to the Orbiter Middeck (MDK) and payload bay, as well as early access to the MPLM and to the Orbiter MDK.  Detailed information is contained in FCF-PLN-0031, and SSP 52000-PAH-KSC.  The corresponding details of these requirements, along with the GRC and ISS Standard Services, are negotiated and documented in the KSC Technical Requirements Data Set and KSC Support Requirements Data Set.  
7.1 Payload Processing

7.1.1 Orbiter Middeck Payload

37. The payload components transported to orbit in the Orbiter MDK will be nominally installed at the launch pad prior to the start of the mission launch countdown.  The payload components will be installed and any interface verification tests, closeout procedures, and payload-unique tests will be accomplished by the SSP.

Fit-checks will be required in the Orbiter for a first-time-manifested MDK payload that replaces Middeck Lockers (MDL).  This nominally occurs when the Orbiter is in the Orbiter Processing Facility (OPF) prior to or during the flight Crew Equipment Interface Test (CEIT).  The need for subsequent fit-checks with different payload components, Orbiters, or MDK locations will be determined by the SSP, KSC, and PD on a flight-by-flight basis.

Payload services such as MDK pre-launch power, dedicated cooling, and data monitoring are SSP Non-Standard Services.

38. The following is applicable if the payload has MDK late access (installation/servicing) requirements:

The payload requirements for the late installation of payload components and/or late payload servicing are SSP Non-Standard Services.

The PD shall provide written justification for their requirements for payload installation within Launch Minus (L-) 24 hours in terms of potential research/science loss.  All MDK activity involving late installation of payload components must be completed by L-15.5 hours.  Late installation requirements will not delay the vehicle launch countdown from proceeding to the primary mission planned launch window.  Late installations for a payload with interface verification testing may affect manifesting.  Late installation requirements will require coordination with the Launch Team/Launch Director during the launch countdown planning process.  Installation conflicts may result in adjustments to installation times.  Mission-unique MDK processing schedules will be developed by KSC based upon documented MDK installation times.  Actual MDK turnover times will be scheduled to support these installations.  The PD to KSC payload turnover times are typically 1.5 to 2 hours, but no more than 4 hours prior to installation to accommodate KSC preparation and transportation to the launch pad.  If the payload components requiring MDK late installation cannot be installed within the allocated time, the SSP may decide not to install the payload or to fly the payload in a non-operational mode.  For more information on MDK Orbiter Integration, reference NSTS 21000-SIP-MDK.

39. The following is applicable if the payload has MDK early access requirements:

The payload requirements for early access to payload components and/or early payload servicing are SSP Non-Standard Services.  If landing occurs at either KSC or the Dryden Flight Research Center, items containing time-critical data must be offloaded from the Orbiter prior to Orbiter tow (non-standard service).  Removal of payload hardware will occur after necessary safing and crew egress activities are complete.  Additional early access information is contained in FCF-IA-DS-HB.
7.1.2 Multi-Purpose Logistics Module Payload 

An FCF payload transported to orbit in the MPLM carrier will be installed in the MPLM after the payload to KSC handover.  At approximately L- 2.5 months, there is an opportunity for time-critical payload installation, stowage, servicing, and closeouts in the Space Station Processing Facility (SSPF).  The MPLM is then transported to the launch pad for installation into the Orbiter.

After MPLM installation into the Orbiter, access to a payload mounted inside the MPLM will be available only for late installation of samples as an SSP Non-Standard Service.  Late access for stowage of samples inside the MPLM is completed by L-88 hours in the mission countdown and is followed by MPLM late access GSE removal. 

7.2 Launch Readiness

7.2.1  Orbiter Middeck Payload

The payload that is installed in the Orbiter MDK must be in the launch configuration once pre-launch installation and verification activities are completed.

7.2.2 Multi-Purpose Logistics Module Payload

The MPLM payload will be in launch configuration prior to the final Orbiter payload bay door closure.  For a payload in the MPLM that requires power-on after MPLM closeout and payload bay door closure, the PD shall ensure that safety requirements for command and monitoring are met during the pre-launch, ascent, and early on-orbit mission phases.

7.3 Launch Delay/Scrub Turnaround Processing

Delays in shuttle launches occur due to numerous unforeseen and uncontrollable events.  Services provided to the payload due to launch delays are considered SSP Non-Standard Services.

An MPLM payload shall support launch attempts for a minimum of 96 hours from the initial planned Time to launch minus (T-) zero without requiring MPLM access.  Any MPLM access requirements of less than 96 hours must be negotiated with the SSP.  In the event that a shuttle scrub causes a loss of MPLM power for greater than 8 hours, MPLM access will be provided.  There are no anticipated scrub scenarios that would result in the loss of MPLM power for greater than 8 hours.

40. Due to the criticality of operations required to reestablish the proper launch configuration after a delay, the PD shall support delay scenarios as appropriate.

For samples/components requiring access as a result of a delay, the ISS Program and the SSP will determine if servicing/change out is possible under the actual conditions.  If a replacement is agreed-to, the PD must plan for providing the necessary replacement items, personnel, and equipment.

Applicable launch delay scenarios are: 24-hour delay (MDK items only); 48-hour delay (MDK items only); and delays greater than 48 hours such as 72 hours, 96 hours, and 120 hours (MDK and MPLM).  For short launch delays, such as 24 hours, the time available for experiment refurbishment may necessitate replacement of samples at the pad, in lieu of returning the components to the PD.  For experiments with 24-hour launch delay requirements, the PD must have redundant components in order to facilitate an exchange at the pad.

The PD shall specify all payload requirements for applicable launch delays.

7.4 Post-Landing

7.4.1 Nominal Post-Landing

If the End of Mission (EOM) landing is at the KSC Shuttle Landing Facility (SLF), time-critical MDK payload items are removed at the landing strip prior to Orbiter tow (SSP Non-Standard Service).  The Orbiter is then towed to the OPF, jacked and leveled, the remaining MDK payload items removed, and final safeing/deservicing operations are completed.  Conditioned samples are removed from the refrigerator/freezers in the MPLM approximately five days after landing.  MPLM removal from the Orbiter is normally completed seven days after the Orbiter arrives at the OPF.  The MPLM is then returned to the ISS Program for further payload disintegration.

If the EOM landing is at DFRC, time-critical MDK payload items are removed at the landing strip, prior to Orbiter tow (SSP Non-Standard Service).  The Orbiter is then towed to the Mate/Demate Device (MDD) and following jacking and leveling, the remaining MDK payload items are removed and final safeing/deservicing operations are completed.  At DFRC, access to conditioned samples in the MPLM will be at approximately Return plus (R+) 4 days.  After all conditioned MDK and MPLM samples have been removed, the Orbiter (with the MPLM on-board) is mated to the Shuttle Carrier Aircraft (SCA) for return to KSC.  After arrival at KSC, the Orbiter is demated from the SCA and towed to the OPF for payload removal and final deservicing operations.  MPLM removal from the Orbiter is normally completed 7 days after the Orbiter arrives at the OPF.  The MPLM is then returned to the ISS Program for further payload disintegration.

Early access to the MPLM at KSC and DFRC for removal of conditioned samples is an SSP Non-Standard Service.

7.4.2 Intact Abort Processing

Should an aborted flight land at KSC or at DFRC, the SSP will remove the MDK payload using its best efforts.  If an aborted flight lands at a site other than KSC or DFRC, the payload stowed in the Orbiter MDK will be removed and turned over to the PD at the landing site, or it will be returned by the SSP separately to the launch site for turnover to the PD.

If an aborted flight lands at a site other than KSC, all returned payload complement components in the MPLM will nominally remain on-board the Orbiter for ferry to the launch site via the SCA.  However, because of non-primary landing site locations, weight, center of gravity (CG), safety considerations, or mission-unique requirements, portions or all of the MPLM may be removed from the Orbiter payload bay, disintegrated (if required), and transported in ISS Program-provided shipping containers by the ISS Program to the launch site.

The ISS Program and the PD are responsible for the performance of payload-unique operations (data removal, safeing, preparations for transporting, etc.) and will provide the landing site personnel and GSE to conduct these operations.  Within the transportation provisions for the SSP GSE and personnel, the SSP will provide, on a space-available basis, transportation of payload-unique GSE and personnel to and from the landing site.  The ISS Program will provide air transport to the payload (ISS Program Non-Standard Service).

7.4.3 Early End of Mission Support

An Early End of Mission (EEOM) occurs if a flight lands at KSC or DFRC before the planned EOM.  In this case, the SSP shall remove and disposition the payload using its best efforts.  If the payload requires EEOM support other than best effort, this support is an SSP Non-Standard Service.
7.5 Ferry Flight Operations

The payload inside the MPLM cannot impose unique Orbiter ferry flight requirements. For payload planning purposes, Nominal EOM Ferry Flight occurs approximately 7 days after landing, with KSC arrival approximately 9 days after landing.

8.0 PROGRAM RESOURCES

The PD shall submit resource requirements to the FCF Utilization Team at each major review, or more often as design changes warrant.  Data shall be submitted via the FCF metrics spreadsheet maintained by the FCF Utilization Team.  This data is used for resource planning purposes and shall include: mass, volume, center of gravity, energy, crew time, data downlink, data uplink, and operational timelines for each experiment configuration.  For each resource that requires FCF-level data, the FCF Utilization Team shall provide the required inputs.  The PD shall use the inputs in TABLE VII as appropriate when providing resource information.

8.1 Mass
Mass data shall be provided at the component level for each item used for payload operations.  The mass shall be measured in kilograms.  The basic value for mass shall not include any packing factors.  The PD shall identify whether or not the component is an Orbital Replacement Unit (ORU) and provide the quantity of spares. 

8.1.1 Ascent Mass

The ascent mass is defined as the mass of the payload and resupply components to be launched.  

8.1.2 Internal Mass within CIR

The total internal mass is the sum of the rack mass, the payload component mass, and the rack-provided diagnostics mass.

8.2 Volume

Volume data shall be provided at the component level.  The volume shall be measured in cubic meters.  The basic value for volume shall not include any packing factors.  The PD shall identify whether or not the component is an ORU and provide the quantity of spares.

8.2.1 Ascent Volume

The ascent volume is defined as the total payload and resupply volume to be launched, including special flight support equipment as appropriate.

8.2.2 Internal Volume within Rack

The internal volume within the CIR is defined as the volume of all components that are installed in the Combustion Chamber.

8.2.3 On-Orbit Stowage Volume

The on-orbit stowage volume is defined as the volume required for stowage of components outside of the rack during payload operations.

8.3 Center of Gravity

The PD shall provide a launch and on-orbit CG for each experiment configuration.  The CG shall be measured in millimeters (mm).

8.4 Energy

Operational timelines shall be jointly developed by the FCF Utilization Team and the PD.  The PD shall provide the power usage and duration for each hardware item.  Power shall be measured in watts and Duration shall be measured in hours.  The data provided shall be used by the FCF Utilization Team to compute total energy.

8.5 Data Communications

The PD shall provide data on the amount of information to be transferred via downlink or uplink communication.  Data communication quantity shall be measured in terabits for downlink and megabits for uplink communications.  Any data compression and/or image processing shall be included in the basic value.

8.6 Crew Time

The PD shall provide data on the crew time required for payload operations (this includes required CIR operations, experiment installation and experiment removal).  Crew time shall be measured in hours.  A factor of 2.0 shall be applied to the basic value to account for the difficulties associated with Microgravity operations as compared to a 1-g environment.

8.7 Data Format

The PD shall provide resource requirements via the PDC system using the format specified in TABLE I.

TABLE I. PRESENTATION OF DATA

	Identifier
	Basic
	Maturity Factor
	Projected
	Control
	Margin

	Provided by PD
	Provided by PD
	Selected by PD (See Section 8.8)
	Calculated (Basic x Maturity Factor)
	Provided by ESD, the PD or ISS; Depends on Analysis
	Calculated (100% x [Control-Projected]/ Control)

	Notes:

Identifier:  Name of the hardware or operational task.

Basic: Based on measurements, calculations, and/or estimates.

Maturity Factor: Based on the level of confidence of the basic value.

Projected: Represents the predicted worst-case value at launch.

Control: Based on estimates of Shuttle and ISS resource allocations; provided by the ESD, the PD, or ISS.

Margin: Percent difference between the Projected and Control values.


8.8 Maturity Factors

The maturity factors to be used for each resource are provided in TABLE II, TABLE III, TABLE IV and TABLE V.

TABLE II. MASS and Volume

	Method
	Maturity Factor

	Measured – Flight Unit
	1.00

	Measured – Engineering Model
	1.05

	Vendor
	1.10

	Analysis
	1.15

	Estimated
	1.20


TABLE III. ENERGY

	Method
	Maturity Factor

	Measured – Payload Post-CDR
	1.00

	Measured – Payload Post-PDR
	1.15

	Estimated – Payload Pre-PDR
	1.30


TABLE IV. Data Downlink Quantity

	Method
	Maturity Factor

	Measured – Payload Post-CDR
	1.00

	Measured – Payload Post-PDR
	1.15

	Estimated – Payload Pre-PDR
	1.30


TABLE V. CREW time

	Method
	Maturity Factor

	Measured – Payload Post-CDR
	1.00

	Measured – Payload Post-PDR
	1.15

	Estimated – Payload Pre-PDR
	1.30


8.9 Packing Factors

The PD does not design packing for stowed items.  The Stowage Working Group at Johnson Space Center (JSC) will develop stowage accommodations  (i.e., stowage bags, carriers, restraints, etc) that will be used for transportation and on-orbit stowage of pressurized cargo for the ISS.  Basic values for mass and volume provided by the PD do not include any packing factors.  Packing factors as provided in TABLE VI are applied to basic values to account for the mass and volume of stowage accommodations.  At approximately L- 7 months, the Stowage Working Group will finalize this data.  The Stowage Working Group data will then supersede those data previously provided by the PD.

TABLE VI. PACKING Factors

	Location
	Mass Packing Factor
	Volume Packing Factor

	Middeck 
	1.36
	1.30

	Multi-Purpose Logistics Module (MPLM)
	1.60
	1.30


8.10 Equipment Required by the Payload

The FCF Utilization Team and the PD shall provide the equipment required to perform PD experiments as indicated in TABLE VII.  The FCF Quantity Available column indicates the total amount of that component available for PD use.  The FCF Quantity Required by MDCA column indicates the amount of that component the PD requires, not exceeding the value in the FCF Quantity Available column.  The MDCA provided column indicates the additional amount of that component the PD will provide.

TABLE VII.  Equipment Required by the Payload

	FCF Equipment
	CIR
	FIR
	FCF Quantity Available
	FCF Quantity Required by MDCA
	 MDCA Provided

	CIR HiBMS Imaging Package
	X
	
	1
	1
	0

	CIR HFR/HR Imaging Package
	X
	
	1
	0
	0

	CIR LLL-IR Imaging Package
	X
	
	1
	0
	0

	CIR LLL-UV Imaging Package
	X
	
	1
	1
	0

	CIR Window Coated
	X
	
	7
	7
	0

	CIR Window Uncoated 
	X
	
	1
	1
	0

	CIR Illumination Package
	X
	
	1
	1
	0

	CIR Adsorber Cartridge
	X
	
	12
	1
	0

	CIR Manifold #X1 Bottle 1.00 L
	X
	
	4
	3
	0

	CIR Manifold # X1 Bottle 2.25 L
	X
	
	15
	8
	0

	CIR Manifold # X1 Bottle 3.80 L
	X
	
	15
	7
	0

	CIR High Percentage Oxygen Bottle
	X
	
	11
	3
	0

	CIR GC Argon Bottle
	X
	
	10
	0
	0

	CIR GC Helium Bottle
	X
	
	10
	0
	0

	CIR GC Check Gas Bottle
	X
	
	10
	0
	0

	FCF I/O Processor Hard Disk Drive
	X
	X
	4
	0
	0

	FCF IPSU 
	X
	X
	4
	2
	0

	FCF IPSU-Analog
	X
	X
	2
	1
	0

	CIR IPSU Adapter
	X
	
	2
	2
	0

	CIR IPSU Corner Adapter
	X
	
	1
	0
	0

	GFE Accumulator
	X
	X
	13
	1
	0

	CIR Optics Bench UML Cover Plate
	X
	
	25
	2
	0

	PaRIS
	X
	
	1
	1
	0

	Note:

1 The bottle can be used in any of the four manifolds.  Includes gas bottle, valve, and guide plate.


APPENDIX A Abbreviations and Acronyms
	Abbreviation or Acronym
	Description

	CBT
	Computer-Based Training/Trainer

	CCB
	Configuration Control Board

	CDR
	Critical Design Review

	CDS
	Central Data System 

	CEIT
	Crew Equipment Interface Test

	CES
	Command and Engineering Science

	CG
	Center of Gravity

	CIA
	Chamber Insert Assembly

	CIR
	Combustion Integrated Rack

	CM
	Configuration Management

	CoFR
	Certification of Flight Readiness

	DDPF
	Decal Design and Production Facility

	DFRC
	Dryden Flight Research Center

	DoD
	Department of Defense

	DS
	Data Set

	EDU
	Experiment Development Unit

	EEOM
	Early End of Mission

	EMC
	Electromagnetic Compatibility

	EMI
	Electromagnetic Interference

	EOM
	End of Mission

	ESD
	Exploration Systems Division

	ETOV
	Earth-To-Orbit Vehicle

	FCF
	Fluids and Combustion Facility

	FIR
	Fluids Integrated Rack

	FLEX
	Flame Extinguishment Experiment

	FOMA
	Fuel/Oxidizer Management Assembly

	FRR
	Flight Readiness Review

	FSR
	Flight Safety Review

	ft3
	Cubic Feet

	GC
	Gas Chromatograph

	GFE
	Government Furnished Equipment

	GIU
	Ground Integration Unit

	GPVP
	Generic Payload Verification Plan

	GRC
	Glenn Research Center

	GSE
	Ground Support Equipment

	GSP
	Ground Support Personnel

	GSR
	Ground Safety Review

	GSRP
	Ground Safety Review Panel

	HFR/HR
	High Frame Rate/High Resolution

	HiBMS
	High Bit Depth/Multispectral

	IA
	Integration Agreement

	ICD
	Interface Control Document

	IDD
	Interface Definition Document

	I/O
	Input/Output

	IOP
	Increment Operations Plan

	IPSU
	Image Processing and Storage Unit

	IR
	Infrared

	ISPR
	International Standard Payload Rack

	ISS
	International Space Station

	JSC
	Johnson Space Center

	kg
	Kilograms

	KHB
	Kennedy Space Center Handbook

	KSC
	Kennedy Space Center

	L-
	Launch minus

	lb
	Pound

	LLL
	Low Light Level

	LSSO
	Launch Site Safety Office

	m3
	Cubic Meters

	MCC-H
	Mission Control Center-Houston

	MDCA
	Multi-User Droplet Combustion Apparatus

	MDD
	Mate/Demate Device

	MDK
	Middeck

	MIULs
	Material Identification Usage Lists

	mm
	millimeters

	MPLM
	Multi-Purpose Logistics Module

	MRDOC
	Microgravity Research, Development and Operations Contract

	MSDS
	Material Safety Data Sheets

	MSFC
	Marshall Space Center

	MV
	Main Volume

	N/A
	Not Applicable

	NASA
	National Aeronautics and Space Administration

	NPTIP
	NASA Payload Training Implementation Plan

	NSTS
	National Space Transportation System

	OPF
	Orbiter Processing Facility

	OPMS
	Online Project Management System 

	ORU
	Orbital Replacement Unit

	PAH
	Payload Accommodations Handbook

	PaRIS
	Passive Rack Isolation System

	PD
	Payload Developer

	PDC
	Payload Data Collection system

	PDRP
	Payload Display Review Panel

	PDSS
	Payload Data Services System

	PI
	Principal Investigator

	PIMS
	Payload Information Management System

	PL OOS
	Payload On-Orbit Operations Summary

	PODF
	Payload Operations Data File

	POIC
	Payload Operations Integration Center

	PRCU
	Payload Rack Checkout Unit

	PRP
	Program Requirements for Payloads

	PSRP
	Payload Safety Review Panel

	PVP
	Payload Verification Plan

	R+
	Return plus

	RM&QA
	Reliability, Maintainability, and Quality Assurance 

	SAMD
	Safety and Mission Assurance Directorate

	SCA
	Shuttle Carrier Aircraft

	SLF
	Shuttle Landing Facility

	SSP
	Space Shuttle Program

	SSPF
	Space Station Processing Facility

	STD
	Standard

	STS
	Space Transportation System

	T-
	Time minus

	TBD
	To Be Determined

	TOPs
	Technical Operation Procedures

	TSC
	Telescience Support Center

	TST
	Training Strategy Team

	U.S.
	United States

	UML
	Universal Mounting Location

	UV
	Ultraviolet


APPENDIX B Glossary of Terms
ACCOMMODATIONS

Applies to ETOV or ISS physical locations where utilization or system items are stowed or installed.

ALLOCATION

The portioning of resources and accommodations between the payload/experiment users and ISS systems.

DATA SET

The Data Set defines the engineering, integration, and operational details required and agreed upon by the implementing organizations on an increment and flight-specific basis.  It will be updated, as agreed-to by the implementing organizations, to meet increment and flight-specific needs.

FCF 

The FCF provides accommodations and services for science payloads, to access the research capabilities of the ISS and consists of an International Standard Payload Rack (ISPR), which has been modified with power, data, and cooling subsystems.

FLIGHT

The time phase and the sequence of events that take place between lift-off and entry/landing of an ETOV.

GRC NON-STANDARD SERVICES

Those GRC services outside the scope of the standard GRC ground processing and operations services normally provided, but which GRC still performs for a customer.  These services are commonly performed for individual payloads to meet complex or unique requirements and are provided at no additional cost to the PD. 

GRC STANDARD SERVICES

Those GRC services provided to all customers for ground processing and operations of payloads within the FCF.

INCREMENT (I)

A specific on-orbit time period into which various assemblies, science discipline research, testing, logistics, maintenance, and other ISS system operations and utilization activities are grouped.  Currently the increments are defined by crew rotation.

INTERNATIONAL STANDARD PAYLOAD RACK (ISPR)

The ISPR accommodates approximately 55.7 ft3 (1.58 m3) and 56.3 ft3 (1.59 m3) of payload components, with and without the center posts installed, respectively.  The rack accommodates up to 882 lb (400 kg) of payload components with structural augmentation during launch/landing and ground handling.

PAYLOAD

The subrack hardware comprised of the mini-facility and its complement of experiments.

PAYLOAD DEVELOPER

The Engineering Team responsible for the development and management of the payload.

RESOURCES

This is the term used to identify a particular subset of ISS on-orbit capabilities used in support of system and payload operations.  Resources include, but are not limited to, power, crew time, etc.

SSP NON-STANDARD SERVICES

Those services that are tasks outside the scope of the standard SSP services, but which NASA performs for a customer.  These services are commonly performed for individual payloads to accomplish complex or unique mission requirements.  
SSP Non-Standard Services are provided at no additional cost to the PD.

SSP STANDARD SERVICES

Those SSP services provided to all customers for transportation of payloads to and from the ISS.

STATIC PAYLOAD REQUIREMENTS

Those requirements that are timeline independent.  Planning periods, Increments, or Stages do not influence Static Payload Requirements.

STS MIDDECK LOCKER 

The term “locker” as used by itself in the text of this document refers to a STS middeck locker or middeck locker equivalent (i.e., a locker compliant with the physical dimensions as defined in STS 21000-IDD-MDK).  The modular lockers are available on the Space Shuttle to accommodate PD experiments and experiment hardware.

APPENDIX C FLEX-1 Resources

C.1 FLEX-1 Test Matrix

The test matrix identified in this Appendix represents the test points to be executed for the flight operations. The specific test parameters identified here deviate from the FLEX-1 SRD but have been established to meet the science objectives of the FLEX-1 SRD.  Consumable resources required for FLEX-1 and defined in this Appendix are based on this test matrix.  
TABLE VIII. N2 Test Point MATRIX

	Seq

No
	URC

TPID
	Ops

TPID
	Fuel

 
	Diam

(mm)
	Chamber Mixture

	
	
	
	
	
	ID
	Atm
	Fiber
	O2%
	CO2%
	N2%

	1
	2FLX192
	192R
	Methanol
	3
	N1
	0.7
	N
	0.34
	
	0.66

	2
	FLEX192
	192F
	Methanol
	4
	
	0.7
	N
	0.34
	
	0.66

	3
	FLEX196
	196F
	Heptane
	4
	
	0.7
	N
	0.34
	
	0.66

	4
	FLEX220
	220F
	Methanol
	4
	
	0.7
	Y
	0.34
	
	0.66

	5
	2FLX220
	220R
	Methanol
	4
	
	0.7
	Y
	0.34
	
	0.66

	6
	FLEX224
	224F
	Heptane
	4
	
	0.7
	Y
	0.34
	
	0.66

	7
	2FLX191
	191R
	Methanol
	3
	N2
	0.7
	N
	0.3
	
	0.7

	8
	FLEX191
	191F
	Methanol
	4
	
	0.7
	N
	0.3
	 
	0.7

	9
	FLEX195
	195F
	Heptane
	4
	
	0.7
	N
	0.3
	
	0.7

	10
	FLEX219
	219F
	Methanol
	4
	
	0.7
	Y
	0.3
	
	0.7

	11
	2FLX219
	219R
	Methanol
	4
	
	0.7
	Y
	0.3
	
	0.7

	12
	FLEX223
	223F
	Heptane
	4
	
	0.7
	Y
	0.3
	
	0.7

	13
	2FLX178
	178R
	Methanol
	3
	N3
	1
	N
	0.3
	
	0.7

	14
	FLEX178
	178F
	Methanol
	4
	
	1
	N
	0.3
	 
	0.7

	15
	FLEX182
	182F
	Heptane
	4
	
	1
	N
	0.3
	
	0.7

	16
	FLEX206
	206F
	Methanol
	4
	
	1
	Y
	0.3
	
	0.7

	17
	2FLX206
	206R
	Methanol
	4
	
	1
	Y
	0.3
	
	0.7

	18
	FLEX210
	210F
	Heptane
	4
	
	1
	Y
	0.3
	
	0.7

	19
	2FLX177
	177R
	Methanol
	3
	N4
	1
	N
	0.21
	
	0.79

	20
	FLEX177
	177F
	Methanol
	4
	
	1
	N
	0.21
	
	0.79

	21
	FLEX181
	181F
	Heptane
	4
	
	1
	N
	0.21
	
	0.79

	22
	FLEX205
	205F
	Methanol
	4
	
	1
	Y
	0.21
	
	0.79

	23
	2FLX205
	205R
	Methanol
	4
	
	1
	Y
	0.21
	
	0.79

	24
	FLEX209
	209F
	Heptane
	4
	
	1
	Y
	0.21
	
	0.79

	25
	2FLX190
	190R
	Methanol
	3
	N5
	0.7
	N
	0.2
	
	0.8

	26
	FLEX190
	190F
	Methanol
	4
	
	0.7
	N
	0.2
	
	0.8

	27
	FLEX194
	194F
	Heptane
	4
	
	0.7
	N
	0.2
	
	0.8

	28
	2FLX218
	218R
	Methanol
	4
	
	0.7
	N
	0.2
	
	0.8

	29
	FLEX218
	218F
	Methanol
	4
	
	0.7
	Y
	0.2
	
	0.8

	30
	2FLX176
	176R
	Methanol
	3
	N6
	1
	N
	0.18
	
	0.82

	31
	FLEX176
	176F
	Methanol
	4
	
	1
	N
	0.18
	
	0.82

	32
	FLEX204
	204F
	Methanol
	4
	
	1
	Y
	0.18
	
	0.82

	33
	2FLX204
	204R
	Methanol
	4
	
	1
	Y
	0.18
	
	0.82

	34
	2FLX189
	189R
	Methanol
	3
	N7
	0.7
	N
	0.15
	
	0.85

	35
	FLEX189
	189F
	Methanol
	4
	
	0.7
	N
	0.15
	
	0.85

	36
	FLEX193
	193F
	Heptane
	4
	
	0.7
	N
	0.15
	
	0.85

	37
	FLEX217
	217F
	Methanol
	4
	
	0.7
	Y
	0.15
	
	0.85

	38
	2FLX217
	217R
	Methanol
	4
	N7
	0.7
	Y
	0.15
	
	0.85

	39
	FLEX221
	221F
	Heptane
	4
	
	0.7
	Y
	0.15
	
	0.85

	40
	2FLX175
	175R
	Methanol
	3
	N8
	1
	N
	0.14
	
	0.86

	41
	FLEX175
	175F
	Methanol
	4
	
	1
	N
	0.14
	
	0.86

	42
	FLEX179
	179F
	Heptane
	4
	
	1
	N
	0.14
	
	0.86

	43
	FLEX203
	203F
	Methanol
	4
	
	1
	Y
	0.14
	
	0.86

	44
	2FLX203
	203R
	Methanol
	4
	
	1
	Y
	0.14
	
	0.86

	45
	FLEX207
	207F
	Heptane
	4
	
	1
	Y
	0.14
	
	0.86


TABLE IX. CO2 Test Point MATRIX
	Seq

No
	URC
TPID

	Ops
TPID
	Fuel
	Diam

(mm
	Chamber Mixture

	
	
	
	
	
	ID
	Atm
	Fiber
	O2%
	CO2%
	N2%

	46
	2FLX053
	053R
	Methanol
	3
	C1
	0.7
	N
	30
	15
	55

	47
	FLEX053
	053F
	Methanol
	4
	
	0.7
	N
	30
	15
	55

	48
	FLEX141
	141F
	Methanol
	4
	
	0.7
	Y
	30
	15
	55

	49
	2FLX141
	141R
	Methanol
	4
	
	0.7
	Y
	30
	15
	55

	50
	FLEX061
	061F
	Heptane
	4
	
	0.7
	N
	30
	15
	55

	51
	FLEX149
	149F
	Heptane
	4
	
	0.7
	Y
	30
	15
	55

	52
	2FLX069
	069R
	Methanol
	3
	C2
	0.85
	N
	30
	15
	55

	53
	FLEX069
	069F
	Methanol
	4
	
	0.85
	N
	30
	15
	55

	54
	FLEX077
	077F
	Heptane
	4
	
	0.85
	N
	30
	15
	55

	55
	2FLX065
	065R
	Methanol
	3
	C3
	0.85
	N
	25
	15
	60

	56
	FLEX065
	065F
	Methanol
	4
	
	0.85
	N
	25
	15
	60

	57
	FLEX073
	073F
	Heptane
	4
	
	0.85
	N
	25
	15
	60

	58
	2FLX049
	049R
	Methanol
	3
	C4
	0.7
	N
	25
	15
	60

	59
	2FLX137
	137R
	Methanol
	3
	
	0.7
	Y
	25
	15
	60

	60
	FLEX049
	049F
	Methanol
	4
	
	0.7
	N
	25
	15
	60

	61
	FLEX137
	137F
	Methanol
	4
	
	0.7
	Y
	25
	15
	60

	62
	FLEX057
	057F
	Heptane
	4
	
	0.7
	N
	25
	15
	60

	63
	FLEX145
	145F
	Heptane
	4
	
	0.7
	Y
	25
	15
	60

	64
	2FLX054
	054R
	Methanol
	3
	C5
	0.7
	N
	30
	25
	45

	65
	FLEX054
	054F
	Methanol
	4
	
	0.7
	N
	30
	25
	45

	66
	FLEX142
	142F
	Methanol
	4
	
	0.7
	Y
	30
	25
	45

	67
	2FLX142
	142R
	Methanol
	4
	
	0.7
	Y
	30
	25
	45

	68
	FLEX062
	062F
	Heptane
	4
	
	0.7
	N
	30
	25
	45

	69
	FLEX150
	150F
	Heptane
	4
	
	0.7
	Y
	30
	25
	45

	70
	2FLX050
	050R
	Methanol
	3
	C6
	0.7
	N
	25
	25
	50

	71
	FLEX050
	050F
	Methanol
	4
	
	0.7
	N
	25
	25
	50

	72
	FLEX138
	138F
	Methanol
	4
	
	0.7
	Y
	25
	25
	50

	73
	2FLX138
	138R
	Methanol
	4
	
	0.7
	Y
	25
	25
	50

	74
	2FLX009
	009R
	Methanol
	3
	C7
	1
	N
	21
	15
	64

	75
	FLEX009
	009F
	Methanol
	4
	
	1
	N
	21
	15
	64

	76
	FLEX121
	121F
	Methanol
	4
	
	1
	Y
	21
	15
	64

	77
	2FLX121
	121R
	Methanol
	4
	
	1
	Y
	21
	15
	64

	78
	FLEX021
	021F
	Heptane
	4
	
	1
	N
	21
	15
	64

	79
	FLEX133
	133F
	Heptane
	4
	
	1
	Y
	21
	15
	64

	80
	2FLX005
	005R
	Methanol
	3
	C8
	1
	N
	18
	15
	67

	81
	FLEX005
	005F
	Methanol
	4
	
	1
	N
	18
	15
	67

	82
	FLEX017
	017F
	Heptane
	4
	
	1
	N
	18
	15
	67

	83
	2FLX001
	001R
	Methanol
	3
	C9
	1
	N
	15
	15
	70

	84
	FLEX001
	001F
	Methanol
	4
	
	1
	N
	15
	15
	70

	85
	FLEX113
	113F
	Methanol
	4
	
	1
	Y
	15
	15
	70

	86
	2FLX113
	113R
	Methanol
	4
	
	1
	Y
	15
	15
	70

	87
	FLEX013
	013F
	Heptane
	4
	
	1
	N
	15
	15
	70

	88
	FLEX125
	125F
	Heptane
	4
	
	1
	Y
	15
	15
	70

	89
	2FLX010
	010R
	Methanol
	3
	C10
	1
	N
	21
	25
	54

	90
	FLEX010
	010F
	Methanol
	4
	
	1
	N
	21
	25
	54

	91
	FLEX022
	022F
	Heptane
	4
	
	1
	N
	21
	25
	54

	92
	2FLX056
	056R
	Methanol
	3
	C25
	0.7
	N
	30
	70
	0

	93
	FLEX056
	056F
	Methanol
	4
	
	0.7
	N
	30
	70
	0

	94
	FLEX144
	144F
	Methanol
	4
	
	0.7
	Y
	30
	70
	0

	95
	2FLX144
	144R
	Methanol
	4
	
	0.7
	Y
	30
	70
	0

	96
	FLEX064
	064F
	Heptane
	4
	
	0.7
	N
	30
	70
	0

	97
	FLEX152
	152F
	Heptane
	4
	
	0.7
	Y
	30
	70
	0

	98
	2FLX072
	072R
	Methanol
	3
	C26
	0.85
	N
	30
	70
	0

	99
	FLEX072
	072F
	Methanol
	4
	
	0.85
	N
	30
	70
	0

	100
	FLEX080
	080F
	Heptane
	4
	
	0.85
	N
	30
	70
	0

	101
	2FLX068
	068R
	Methanol
	3
	C27
	0.85
	N
	25
	70
	5

	102
	FLEX068
	068F
	Methanol
	4
	
	0.85
	N
	25
	70
	5

	103
	FLEX076
	076F
	Heptane
	4
	
	0.85
	N
	25
	70
	5

	104
	2FLX052
	052R
	Methanol
	3
	C28
	0.7
	N
	25
	70
	5

	105
	FLEX052
	052F
	Methanol
	4
	
	0.7
	N
	25
	70
	5

	106
	FLEX140
	140F
	Methanol
	4
	
	0.7
	Y
	25
	70
	5

	107
	2FLX140
	140R
	Methanol
	4
	
	0.7
	Y
	25
	70
	5

	108
	FLEX060
	060F
	Heptane
	4
	
	0.7
	N
	25
	70
	5

	109
	FLEX148
	148F
	Heptane
	4
	
	0.7
	Y
	25
	70
	5

	110
	2FLX055
	055R
	Methanol
	3
	C29
	0.7
	N
	30
	50
	20

	111
	FLEX055
	055F
	Methanol
	4
	
	0.7
	N
	30
	50
	20

	112
	FLEX143
	143F
	Methanol
	4
	
	0.7
	Y
	30
	50
	20

	113
	2FLX143
	143R
	Methanol
	4
	
	0.7
	Y
	30
	50
	20

	114
	FLEX063
	063F
	Heptane
	4
	
	0.7
	N
	30
	50
	20

	115
	FLEX151
	151F
	Heptane
	4
	
	0.7
	Y
	30
	50
	20

	116
	2FLX051
	051R
	Methanol
	3
	C30
	0.7
	N
	25
	50
	25

	117
	FLEX051
	051F
	Methanol
	4
	
	0.7
	N
	25
	50
	25

	118
	FLEX139
	139F
	Methanol
	4
	
	0.7
	Y
	25
	50
	25

	119
	2FLX139
	139R
	Methanol
	4
	
	0.7
	Y
	25
	50
	25

	120
	2FLX012
	012R
	Methanol
	3
	C31
	1
	N
	21
	70
	9

	121
	FLEX012
	012F
	Methanol
	4
	
	1
	N
	21
	70
	9

	122
	FLEX124
	124F
	Methanol
	4
	
	1
	Y
	21
	70
	9

	123
	2FLX124
	124R
	Methanol
	4
	
	1
	Y
	21
	70
	9

	124
	FLEX024
	024F
	Heptane
	4
	
	1
	N
	21
	70
	9

	125
	FLEX136
	136F
	Heptane
	4
	
	1
	Y
	21
	70
	9

	126
	2FLX004
	004R
	Methanol
	3
	C32
	1
	N
	15
	70
	15

	127
	FLEX004
	004F
	Methanol
	4
	
	1
	N
	15
	70
	15

	128
	FLEX116
	116F
	Methanol
	4
	
	1
	Y
	15
	70
	15

	129
	2FLX116
	116R
	Methanol
	4
	
	1
	Y
	15
	70
	15

	130
	FLEX016
	016F
	Heptane
	4
	
	1
	N
	15
	70
	15

	131
	FLEX128
	128F
	Heptane
	4
	
	1
	Y
	15
	70
	15

	132
	2FLX008
	008R
	Methanol
	3
	C33
	1
	N
	18
	70
	12

	133
	FLEX008
	008F
	Methanol
	4
	
	1
	N
	18
	70
	12

	134
	FLEX020
	020F
	Heptane
	4
	
	1
	N
	18
	70
	12

	135
	2FLX003
	003R
	Methanol
	3
	C34
	1
	N
	15
	50
	35

	136
	FLEX003
	003F
	Methanol
	4
	
	1
	N
	15
	50
	35

	137
	FLEX015
	015F
	Heptane
	4
	
	1
	N
	15
	50
	35

	138
	2FLX011
	011R
	Methanol
	3
	C35
	1
	N
	21
	50
	29

	139
	FLEX011
	011F
	Methanol
	4
	
	1
	N
	21
	50
	29

	140
	FLEX023
	023F
	Heptane
	4
	C35
	1
	N
	21
	50
	29

	141
	2FLX007
	007R
	Methanol
	3
	C36
	1
	N
	18
	50
	32

	142
	FLEX007
	007F
	Methanol
	4
	
	1
	N
	18
	50
	32

	143
	FLEX119
	119F
	Methanol
	4
	
	1
	Y
	18
	50
	32

	144
	2FLX119
	119R
	Methanol
	4
	
	1
	Y
	18
	50
	32

	145
	FLEX019
	019F
	Heptane
	4
	
	1
	N
	18
	50
	32

	146
	FLEX131
	131F
	Heptane
	4
	
	1
	Y
	18
	50
	32

	147
	2FLX240
	240R
	Methanol
	3
	C37
	2
	N
	21
	70
	9

	148
	FLEX240
	240F
	Methanol
	4
	
	2
	N
	21
	70
	9

	149
	FLEX248
	248F
	Heptane
	3
	
	2
	N
	21
	70
	9

	150
	2FLX236
	236R
	Methanol
	3
	C38
	2
	N
	15
	70
	15

	151
	FLEX236
	236F
	Methanol
	4
	
	2
	N
	15
	70
	15

	152
	FLEX244
	244F
	Heptane
	4
	
	2
	N
	15
	70
	15

	153
	2FLX235
	235R
	Methanol
	3
	C39
	2
	N
	15
	50
	35

	154
	FLEX235
	235F
	Methanol
	4
	
	2
	N
	15
	50
	35

	155
	2FLX239
	239R
	Methanol
	3
	C40
	2
	N
	21
	50
	29

	156
	FLEX239
	239F
	Methanol
	4
	
	2
	N
	21
	50
	29

	157
	2FLX006
	006R
	Methanol
	3
	C11
	1
	N
	18
	25
	57

	158
	FLEX006
	006F
	Methanol
	4
	
	1
	N
	18
	25
	57

	159
	FLEX118
	118F
	Methanol
	4
	
	1
	Y
	18
	25
	57

	160
	2FLX118
	118R
	Methanol
	4
	
	1
	Y
	18
	25
	57

	161
	FLEX018
	018F
	Heptane
	4
	
	1
	N
	18
	25
	57

	162
	FLEX130
	130F
	Heptane
	4
	
	1
	Y
	18
	25
	57

	163
	2FLX002
	002R
	Methanol
	3
	C12
	1
	N
	15
	25
	60

	164
	FLEX002
	002F
	Methanol
	4
	
	1
	N
	15
	25
	60

	165
	FLEX014
	014F
	Heptane
	4
	
	1
	N
	15
	25
	60

	166
	2FLX233
	233R
	Methanol
	3
	C13
	2
	N
	15
	15
	70

	167
	FLEX233
	233F
	Methanol
	4
	
	2
	N
	15
	15
	70

	168
	FLEX241
	241F
	Heptane
	4
	
	2
	N
	15
	15
	70

	169
	2FLX237
	237R
	Methanol
	3
	C14
	2
	N
	21
	15
	64

	170
	FLEX237
	237F
	Methanol
	4
	
	2
	N
	21
	15
	64

	171
	FLEX245
	245F
	Heptane
	4
	
	2
	N
	21
	15
	64

	172
	2FLX238
	238R
	Methanol
	3
	C15
	2
	N
	21
	25
	54

	173
	FLEX238
	238F
	Methanol
	4
	
	2
	N
	21
	25
	54

	174
	2FLX234
	234R
	Methanol
	3
	C16
	2
	N
	15
	25
	60

	175
	FLEX234
	234F
	Methanol
	4
	
	2
	N
	15
	25
	60

	176
	2FLX249
	249R
	Methanol
	3
	C17
	3
	N
	15
	15
	70

	177
	FLEX249
	249F
	Methanol
	4
	
	3
	N
	15
	15
	70

	178
	FLEX257
	257F
	Heptane
	4
	
	3
	N
	15
	15
	70

	179
	2FLX250
	250R
	Methanol
	3
	C18
	3
	N
	15
	25
	60

	180
	FLEX250
	250F
	Methanol
	4
	
	3
	N
	15
	25
	60

	181
	2FLX253
	253R
	Methanol
	3
	C19
	3
	N
	21
	15
	64

	182
	FLEX253
	253F
	Methanol
	4
	
	3
	N
	21
	15
	64

	183
	FLEX261
	261F
	Heptane
	4
	
	3
	N
	21
	15
	64

	184
	2FLX254
	254R
	Methanol
	3
	C20
	3
	N
	21
	25
	54

	185
	FLEX254
	254F
	Methanol
	4
	
	3
	N
	21
	25
	54

	186
	2FLX251
	251R
	Methanol
	3
	C21
	3
	N
	15
	50
	35

	187
	FLEX251
	251F
	Methanol
	4
	
	3
	N
	15
	50
	35

	188
	2FLX255
	255R
	Methanol
	3
	C22
	3
	N
	21
	50
	29

	189
	FLEX255
	255F
	Methanol
	4
	
	3
	N
	21
	50
	29

	190
	FLEX263
	263F
	Heptane
	4
	
	3
	N
	21
	50
	29

	191
	2FLX252
	252R
	Methanol
	3
	C23
	3
	N
	15
	70
	15

	192
	FLEX252
	252F
	Methanol
	4
	
	3
	N
	15
	70
	15

	193
	FLEX260
	260F
	Heptane
	4
	
	3
	N
	15
	70
	15

	194
	2FLX256
	256R
	Methanol
	3
	C24
	3
	N
	21
	70
	9

	195
	FLEX256
	256F
	Methanol
	4
	 
	3
	N
	21
	70
	9

	196
	FLEX264
	264F
	Heptane
	4
	
	3
	N
	21
	70
	9


TABLE X. HE Test Point MATRIX
	Seq
No
	URC
TPID
	Ops
TPID
	Fuel
	Diam
(mm)
	Chamber Mixture

	
	
	
	
	
	ID
	Atm
	Fiber
	O2%
	CO2%
	N2%

	197
	88
	088F
	Methanol
	4
	H1
	0.70
	N
	30
	70
	0

	198
	96
	096F
	Heptane
	4
	
	0.70
	N
	30
	70
	0

	199
	104
	104F
	Methanol
	4
	H2
	0.85
	N
	30
	70
	0

	200
	112
	112F
	Heptane
	4
	
	0.85
	N
	30
	70
	0

	201
	36
	036F
	Methanol
	4
	H3
	1.00
	N
	21
	70
	9

	202
	48
	048F
	Heptane
	4
	
	1.00
	N
	21
	70
	9

	203
	87
	087F
	Methanol
	4
	H4
	0.70
	N
	30
	50
	20

	204
	95
	095F
	Heptane
	4
	
	0.70
	N
	30
	50
	20

	205
	103
	103F
	Methanol
	4
	H5
	0.85
	N
	30
	50
	20

	206
	111
	111F
	Heptane
	4
	
	0.85
	N
	30
	50
	20

	207
	35
	035F
	Methanol
	4
	H6
	1.00
	N
	21
	50
	29

	208
	47
	047F
	Heptane
	4
	
	1.00
	N
	21
	50
	29

	209
	84
	084F
	Methanol
	4
	H7
	0.70
	N
	25
	70
	5

	210
	92
	092F
	Heptane
	4
	
	0.70
	N
	25
	70
	5

	211
	100
	100F
	Methanol
	4
	H8
	0.85
	N
	25
	70
	5

	212
	108
	108F
	Heptane
	4
	
	0.85
	N
	25
	70
	5

	213
	83
	083F
	Methanol
	4
	H9
	0.70
	N
	25
	50
	25

	214
	91
	091F
	Heptane
	4
	
	0.70
	N
	25
	50
	25

	215
	99
	099F
	Methanol
	4
	H10
	0.85
	N
	25
	50
	25

	216
	107
	107F
	Heptane
	4
	
	0.85
	N
	25
	50
	25

	217
	32
	032F
	Methanol
	4
	H11
	1.00
	N
	18
	70
	12

	218
	44
	044F
	Heptane
	4
	
	1.00
	N
	18
	70
	12

	219
	31
	031F
	Methanol
	4
	H12
	1.00
	N
	18
	50
	32

	220
	43
	043F
	Heptane
	4
	
	1.00
	N
	18
	50
	32

	221
	28
	028F
	Methanol
	4
	H13
	1.00
	N
	15
	70
	15

	222
	40
	040F
	Heptane
	4
	
	1.00
	N
	15
	70
	15

	223
	27
	027F
	Methanol
	4
	H14
	1.00
	N
	15
	50
	35

	224
	39
	039F
	Heptane
	4
	
	1.00
	N
	15
	50
	35

	225
	26
	026F
	Methanol
	4
	H15
	1.00
	N
	15
	25
	60

	226
	38
	038F
	Heptane
	4
	
	1.00
	N
	15
	25
	60

	227
	25
	025F
	Methanol
	4
	H16
	1.00
	N
	15
	15
	70

	228
	37
	037F
	Heptane
	4
	
	1.00
	N
	15
	15
	70

	229
	30
	030F
	Methanol
	4
	H17
	1.00
	N
	18
	25
	57

	230
	42
	042F
	Heptane
	4
	
	1.00
	N
	18
	25
	57

	231
	86
	086F
	Methanol
	4
	H18
	0.70
	N
	30
	25
	45

	232
	94
	094F
	Heptane
	4
	
	0.70
	N
	30
	25
	45

	233
	102
	102F
	Methanol
	4
	H19
	0.85
	N
	30
	25
	45

	234
	110
	110F
	Heptane
	4
	
	0.85
	N
	30
	25
	45

	235
	34
	034F
	Methanol
	4
	H20
	1.00
	N
	21
	25
	54

	236
	46
	046F
	Heptane
	4
	
	1.00
	N
	21
	25
	54

	237
	82
	082F
	Methanol
	4
	H21
	0.70
	N
	25
	25
	50

	238
	90
	090F
	Heptane
	4
	
	0.70
	N
	25
	25
	50

	239
	98
	098F
	Methanol
	4
	H22
	0.85
	N
	25
	25
	50

	240
	106
	106F
	Heptane
	4
	
	0.85
	N
	25
	25
	50

	241
	33
	033F
	Methanol
	4
	H23
	1.00
	N
	21
	15
	64

	242
	45
	045F
	Heptane
	4
	H23
	1.00
	N
	21
	15
	64

	243
	81
	081F
	Methanol
	4
	H24
	0.70
	N
	25
	15
	60

	244
	89
	089F
	Heptane
	4
	
	0.70
	N
	25
	15
	60

	245
	97
	097F
	Methanol
	4
	H25
	0.85
	N
	25
	15
	60

	246
	105
	105F
	Heptane
	4
	
	0.85
	N
	25
	15
	60

	247
	85
	085F
	Methanol
	4
	H26
	0.70
	N
	30
	15
	55

	248
	93
	093F
	Heptane
	4
	
	0.70
	N
	30
	15
	55

	249
	101
	101F
	Methanol
	4
	H27
	0.85
	N
	30
	15
	55

	250
	109
	109F
	Heptane
	4
	
	0.85
	N
	30
	15
	55

	251
	29
	029F
	Methanol
	4
	H28
	1.00
	N
	18
	15
	67

	252
	41
	041F
	Heptane
	4
	
	1.00
	N
	18
	15
	67


C.2 FLEX-1 Diagnostics Configuration


FIGURE 1. FLEX-1 Bench Configuration

TABLE XI. FLEX-1 Avionics Package Locations

	Location ID
	Nomenclature
	Part No.

	PIL
	MDCA Avionics Box
	67235MEAD12000

	UML-1
	-
	-

	UML-2
	LLL-UV Camera
	67212MFAN14000

	UML-3A
	IPSU- Analog
	67211MFAB31100

	UML-3B
	IPSU-Remora
	67212MFAN13000

	UML-4
	Illumination
	-

	UML-5A
	-
	-

	UML-5B
	-
	-

	UML-6
	-
	

	UML-7A
	IPSU- Remora
	67211MFAB30100

	UML-7B
	
	-

	UML-8
	HiBMS Camera
	67212MFAN11000


C.3 FLEX-1 Consumable Resources

TABLE XII. FLEX-1 Gas Bottles

	Bottle Type
	P/N
	Contents
	QTY
	S/N
	Manifest

	CIR Manifold #2 Bottle 2.25 L 
(Oxygen Manifold)
	67212MFAM70001
	40% O2
60% CO2
833 psia @70F
	8
	2001-2008
	ULF2

	CIR Manifold #2 Bottle 2.25 L 
(Oxygen Manifold)
	67212MFAM70001
	40% O2
20% CO2
40% N2
1849 psia @70F
	5
	2009-2013
	ULF2

	CIR Manifold #2 Bottle 2.25 L
(Oxygen Manifold)
	67212MFAM70001
	40% O2
60% N2
1849 psia @70F
	2
	2014-2015
	ULF2

	CIR Manifold #1 Bottle 3.8 L 
(Diluent Manifold)
	67212MFAM70102
	100% CO2
500 psia @70F
	6
	2001-2006
	ULF2

	CIR Manifold #4 Bottle 1.0 L 
(Fuel Manifold)
	67212MFAM70300
	100% N2
1849 psia @70F
	1
	2001
	ULF3

	CIR Manifold #2 Bottle 2.25 L
(Oxygen Manifold)
	67212MFAM70001
	40% O2, 60% He

1849 psia @70F
	1
	2017
	HTV-1

	CIR Manifold #2 Bottle 2.25 L
(Oxygen Manifold)
	67212MFAM70001
	40% O2, 20% He, 40% N2

1849 psia @70F
	1
	2018
	HTV-1

	CIR Manifold #2 Bottle 1.0 L
(Oxygen Manifold)
	67212MFAM70005
	40% O2, 60% He

1849 psia @70F
	1
	2002
	HTV-1

	CIR Manifold #1 Bottle 2.25 L
(Diluent Manifold)
	67212MFAM70101
	100% He

1849 psia @70F
	1
	2002
	HTV-1

	CIR Manifold #1 Bottle 3.8 L 
(Diluent Manifold)
	67212MFAM70102
	100% CO2
500 psia @70F
	4
	To be delivered
	-


TABLE XIII. Fuel Reservoirs

	Reservoir
	P/N
	Contents
	QTY
	S/N
	Manifest

	MDCA Fuel Reservoir
	67235MFAC13500
	0.73 ml 
n-heptane
	2
	2004, 2007
	ULF2

	MDCA Fuel Reservoir
	67235MFAC13500
	1.35 ml 
methanol
	2
	2003, 2005
	ULF2

	MDCA Fuel Reservoir
	67235MFAC13500
	1.2 ml 
n-heptane
	2
	2006, 2009 
	HTV-1

	MDCA Fuel Reservoir
	67235MFAC13500
	2.4 ml 
methanol
	2
	2001, 2002
	HTV-1

	MDCA Fuel Reservoir
	67235MFAC13500
	1.6 ml 
n-heptane
	2
	2011, 2012
	ULF3

	MDCA Fuel Reservoir
	67235MFAC13500
	3.1 ml 
methanol
	2
	2008, 2010
	ULF3

	MDCA Fuel Reservoir
	67235MFAC13500
	1.6 ml 
n-heptane
	1
	To be delivered
	-

	MDCA Fuel Reservoir
	67235MFAC13500
	3.1 ml 
methanol
	1
	To be delivered
	-


TABLE XIV. Adsorber Cartridges

	Adsorber
	P/N
	Contents
	QTY
	S/N
	Manifest

	CIR Adsorber Cartridge
	67212MFAM71000
	Sica Gel
	1
	2002
	ULF2

	CIR Adsorber Cartridge
	67212MFAM71000
	Mole Sieve
	1
	2003
	ULF2


APPENDIX D FLEX-2 Resources
D.1 Flex-1 Test Matrix 
The test matrix identified in this Appendix represents the test points to be executed for the flight operations.  The specific test parameters identified here deviate from the FLEX-1 SRD but have been established to meet the science objectives of the FLEX-1 SRD.  Consumable resources required for FLEX-1 and defined in this Appendix are based on this test matrix. 
TABLE XV. FLEX-2 MIXED FUEL SUMMARY MATRIX

	Mixture Class
	States
	Matrix Variables
	Total Permutations

	
	
	Drop Diam
	O2 %
	Diluent
	Pressure
	Fuel Mix
	

	heptane/hexadecane
	States
	2
	3
	1
	3
	2
	36

	 
	Matrix
Values
	3 mm
4 mm
	17%
21%
30%
	He
	0.7 atm
1.0 atm
2.5 arm
	TBD (1)
TBD (2)
	 

	propanol/glycerol
	States
	2
	3
	1
	3
	2
	36

	 
	Matrix
Values
	3 mm
4 mm
	17%
21%
30%
	He
	0.7 atm
1.0 atm
2.5 arm
	TBD (3)
TBD (4)
	 

	heptane/octane
	States
	1
	3
	2
	2
	6
	72

	 
	Matrix
Values
	3 mm
	17%
21%
30%
	N2
He
	1.0 atm
2.0 arm
	10/90
25/75
40/60
55/45
70/30
8515
	 

	decane/propybenzene
	States
	1
	3
	2
	2
	6
	72

	 
	Matrix
Values
	3 mm
	17%
21%
30%
	N2
He
	1.0 atm
2.0 arm
	10/90
25/75
40/60
55/45
70/30
8515
	 

	Mixed Fuel Sub-total
	 
	 
	 
	 
	 
	 
	216


TABLE XVI. FLEX-2 PURE FUEL SUMMARY MATRIX

	Investigation Class
	States
	Matrix Variables
	Total Permutations

	
	
	Drop Diam
	O2 %
	Diluent
	Bead Spacing
	Pressure
	Flow Velocity
	

	decane - flow
	States
	2
	4
	2
	 
	1
	3
	48

	 
	Matrix
Values
	3 mm
4 mm
	17%
21%
25%
30%
	N2
He
	 
	1 atm
	0.1 cm/sec
0.3 cm/sec
0.5 cm/sec
	 

	ethanol - flow
	States
	2
	4
	2
	 
	1
	3
	48

	 
	Matrix
Values
	3 mm
4 mm
	17%
21%
25%
30%
	N2
He
	 
	1 atm
	0.1 cm/sec
0.3 cm/sec
0.5 cm/sec
	 

	decane - quiescent
	States
	2
	4
	2
	 
	3
	-
	48

	 
	Matrix
Values
	3 mm
5 mm
	17%
21%
25%
30%
	N2
He
	 
	0.5 atm
1.0 atm
2.0 arm
	-
	 

	ethanol -quiescent
	States
	2
	4
	2
	 
	3
	-
	48

	 
	Matrix
Values
	3 mm
5 mm
	17%
21%
25%
30%
	N2
He
	 
	0.5 atm
1.0 atm
2.0 arm
	-
	 

	decane - array
	States
	1
	3
	2
	2
	2
	-
	24

	 
	Matrix
Values
	3 mm
	17%
21%
25%
	N2
He
	TBD 5
TBD 6
	0.5 atm
1.0 arm
	-
	 

	ethanol - array
	States
	1
	3
	2
	2
	2
	-
	24

	 
	Matrix
Values
	3 mm
	17%
21%
25%
	N2
He
	TBD 5
TBD 6
	0.5 atm
1.0 arm
	-
	 

	Pure Fuel Sub-total
	 
	 
	 
	 
	 
	 
	 
	240


D.2 FLEX-2 Diagnostics Configuration

FIGURE 2. FLEX-2 Bench Configuration

TABLE XVII. FLEX-1 Avionics Package Locations

	Location 
	Nomenclature
	Part Number

	PIL
	MDCA Avionics Box
	67235MEAD12000

	UML-1
	-
	-

	UML-2
	LLL-UV Camera 
	67212MFAN14000

	UML-3A
	IPSU-Analog
	67211MFAB31100

	UML-3B
	IPSU-Remora
	67211MFAB30100

	UML-4
	Illumination
	67212MFAN13000

	UML-5A
	IPSU-Remora -
	67211MFAB30100-

	UML-5B
	IPSU-Remora -
	67211MFAB30100-

	UML-6
	-
	-

	UML-7A
	HiBMS Camera 
	67212MFAN11000-03 (1)

	UML-7B
	-
	-

	UML-8
	HiBMS Camera 
	67212MFAN11000-04 (2)


(1) HiBMS configuration with 50mm relay, and tunable filter

(2) HiBMS configuration with 30mm relay, compensator module, and fixed filter

D.3 FLEX-2 Consumable Resources

TABLE XVIII. FLEX-2 Gas Bottles

	Bottle Type
	P/N
	Contents
	QTY
	S/N
	Manifest

	CIR Manifold #1 Bottle 3.8 L 
(Diluent Manifold)
	67212MFAM70102
	100% He
1849 psia @70F
	6
	To be delivered
	-

	CIR Manifold #2 Bottle 3.8 L 
(Oxygen Manifold)
	67212MFAM70002
	30% O2, 70% N2
1849 psia @70F
	6
	To be delivered
	-

	CIR Manifold #2 Bottle 3.8 L 
(Oxygen Manifold)
	67212MFAM70002
	30% O2, 70% He
1849 psia @70F
	6
	To be delivered
	-


TABLE XIX. Fuel Reservoirs

	Reservoir
	P/N
	Contents
	QTY
	S/N
	Manifest

	MDCA Fuel Reservoir
	67235MFAC13500
	TBD
	8
	To be delivered
	-


TABLE XX. Adsorber Cartridges

	Adsorber
	P/N
	Contents
	QTY
	S/N
	Manifest

	CIR Adsorber Cartridge
	67212MFAM71000
	Molecular Sieve 5X
	2
	To be delivered
	-
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