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Use for missions containing

any radioloactive materials.  Contact

the Launch Approval Engineering /

Launch Services Office.
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02.10
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SW IV&V
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Mission Ops Assurance

03.11

Mission Assurance

03

03.07 to 03.11
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Inst 2 Sci Team
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Inst 3 Sci Team

04.02.05
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Science Team

04.02

Sci Data Vis

04.03.01

Sci Data Archiving

04.03.02

Sci Data Modeling & Analysis

04.03.03

Science Data Supt

04.03

Sci Investigation

04.04.01

Ops Spt

04.04.02

Sci Investig & Ops Supt

04.04

Sci Environ Char

04.05.01

Science Environ Char

04.05

EPE--Formal Ed

04.06.01

EPE--Informal Ed
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EPE--Engagement
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Ed & Public Engagement

04.06

Science
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Template for an optical class instrument.

P/L Mgmt Staff

05.01.01

P/L Mgmt

05.01

P/L Sys Eng'g Staff

05.02.01

P/L Sys Eng'g Supt

05.02.02

P/L System Eng'g

05.02

Inst 1 Mgmt

05.03.01

Inst 1 Electronics

05.03.07

Inst 1 Sys Eng'g

05.03.02

Inst 1 SW

05.03.08

Inst 1 Optics

05.03.03

Inst 1 Pkg'g/Fab/Assy

05.03.09

Inst 1 Focal Planes/Detectors

05.03.04

Inst 1 BCE/GSE/AHSE

05.03.10

Inst 1 Struct/Mechs/Mech Eng'g

05.03.05

*  Inst 1 Calibration

05.03.11

Inst 1 Dector Cooler/Thermal S/s

05.03.06

Inst 1 I & T

05.03.12

Instrument 1

05.03

Inst 2 System Contract

05.04.00

Instrument 2

05.04

Payload System

05

05.01 to 05.04
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class Instrument.

Inst 3 Mgmt

05.05.01

Inst 3 Sys Eng'g

05.05.02

Inst 3 Electronics

05.05.03

Inst 3 Antenna

05.05.04

Inst 3 Struct, Therm, Mechs

05.05.05

Inst 3 Calibration

05.05.06

Inst 3 Pkg'g/Fab/Assy

05.05.07

Inst 3 BCE/GSE/AHSE

05.05.08

Inst 3 I&T

05.05.09

Instrument 3

05.05

Tech P/L 1 Mgmt

05.06.01

Tech P/L 1 Sys Eng'g

05.06.02

Tech P/L 1 Elec Dev

05.06.03

Tech P/L 1 Sensor Dev

05.06.04

Tech P/L SW Dev

05.06.05

Tech P/L 1 Pkg'g/Fab/Assy

05.06.06

Tech P/L 1 BCE/GSE/AHSE

05.06.07

Tech P/L 1 I&T

05.06.08

Technology P/L 1

05.06

Common P/L Sys HW

05.07.01

Common P/L System HW

05.07

P/L I&T

05.08.01

P/L I&T

05.08

Payload System

05

05.05 to 05.08
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06.00.01

S/C Contract Mgmt

06.00.02

S/C Contract

06.00

FS Mgmt Staff

06.01.01

FS Mgmt

06.01

FS Sys Eng'g Staff  (JPL)

06.02.01

FS Sys Eng'g Staff (Remote)

06.02.02

FS Sys Eng'g

06.02

Pwr S/s Mgmt

06.03.01

Pwr S/s Eng'g & Analysis

06.03.02

Pwr Conv & Reg Elec

06.03.03

Pwr Source

06.03.04

Battery

06.03.05

Pyro Drivers / VDE

06.03.06

S/s Pkg'g/Fab/Assy

06.03.07

Pwr S/s BCE/AHSE/GSE

06.03.08

Pwr S/s  I & T

06.03.09

Power S/s

06.03

Cmd & Data S/s Mgmt

06.04.01

Cmd & Data S/s Eng'g

06.04.02

Flt Cmptr I/O & Storage

06.04.03

Flt Cmptr O/S & Fnct Drivers

06.04.04

Cmd & Data Custom Elec

06.04.05

Cmd & Data S/s Parts

06.04.06

S/s Pkg'g/Fab/Assy

06.04.07

Cmd & Data S/s BCE/AHSE/GSE

06.04.08

Cmd & Data S/s I & T

06.04.09

Cmd & Data S/s

06.04

Telecom S/s Mgmt

06.05.01

Telecom S/s Eng'g

06.05.02

Telecom S/s Analyses

06.05.03

Telecom Elec

06.05.04

RF Components

06.05.05

Telecom S/s Antennas

06.05.06

Telecom S/s BCE/AHSE/GSE

06.05.07

Telecom S/s I & T

06.05.08

Telecom S/s

06.05

Mech S/s Mgmt

06.06.01

Mech S/s Eng'g

06.06.02

Loads / Dynamics Anal

06.06.03

Config / Mass Prop

06.06.04

Structural HW

06.06.05

Mechanisms

06.06.06

Mech S/s BCE/AHSE/GSE

06.06.07

Mech S/s I & T

06.06.08

Mechanical S/s

06.06

Flight System

06

06.00 to 06.06
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06.07.01

Therm S/s Eng'g

06.07.02

Therm Anal & Design

06.07.03

Therm Cntl HW

06.07.04

Therm S/s I&T and BCE/AHSE/GSE

06.07.05

Sys Level Therm Dsgn & Val

06.07.06

Thermal S/s

06.07

Prop S/s Mgmt

06.08.01

Prop S/s Eng'g & Anal

06.08.02

Prop S/s Components

06.08.03

Prop S/S BCE/AHSE/GSE

06.08.04

Sci Inst Purge S/s

06.08.05

Prop S/s I & T

06.08.06

Prop S/s Propn't Loading

06.08.07

Propulsion S/s

06.08

GN&C S/s Mgmt

06.09.01

GN&C S/s Eng'g

06.09.02

GN&C S/s Anal & Design

06.09.03

 GN&C Attiitude Cntl Sensors

06.09.04

GN&C S/s Nav Sensors

06.09.05

GN&C S/s Attitude Cntl Acts

06.09.06

GN&C S/s Custom Elec

06.09.07

GN&C S/s Pkg'g/Fab/Assy

06.09.08

GN&C S/s BCE/AHSE/GSE

06.09.09

GN&C S/s I & T

06.09.10

Guidance, Nav & Cntl S/s

06.09

Harness Mgmt

06.10.01

Harness S/s Eng'g

06.10.02

Harness Design

06.10.03

Harness Parts

06.10.04

Harness Fab & Assy

06.10.05

Harness S/s I&T

06.10.06

Harness S/s

06.10

Flt SW Mgmt

06.11.01

Flt SW Sys Eng'g

06.11.02

Cmd, Tlm & Data Mgmt FSW

06.11.03

Sequencing FSW

06.11.04

Eng'g Apps FSW

06.11.05

GN&C FSW

06.11.06

P/L Accom FSW

06.11.07

Sys Fault Protect FSW

06.11.08

Flt SW - Dev Testbed

06.11.09

Flt SW I & T

06.11.10

S/C Flight SW

06.11

Testbeds Mgmt

06.12.01

Testbeds Eng'g

06.12.02

Testbeds HW

06.12.03

Testbeds SW

06.12.04

Testbeds I & T

06.12.05

Testbeds Ops

06.12.06

FS Testbeds

06.12

ATLO Mgmt

06.13.01

ATLO Sys Eng'g

06.13.02

Sys Test Facilities

06.13.03

FS Env Testing

06.13.04

S/s Eng'g Spt

06.13.05

FS I & T

06.13.06

Inst & P/L I & T

06.13.07

Sys BCE/AHSE/GSE

06.13.08

Logistics / Transport

06.13.09

Launch Site/Ops Supt

06.13.10

FS ATLO

06.13

Flight System
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06.07 to 06.13
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MOS Mgmt

07.01

Eng'g Staff

07.02.01

MOS System Eng'g

07.02

GDS Mgmt

07.03.01

Simulation S/s

07.03.10

GDS Sys Eng'g

07.03.02

Data Mgmt & Archive S/s

07.03.11

TTC&M S/s
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07.04.03
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07.04.04
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Data Mgmt Team
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07.04.09

DSN Scheduling
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Training

07.04.11

Operations

07.04

Sys Eng'g

07.05.01

V&V Tests

07.05.02

MOS V&V

07.05

Mission Operations System
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Launch Services
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Launch System
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Use for missions containing

any radioloactive materials.  Contact

the Launch Approval Engineering /

Launch Services Office.

Config Mgmt

02.06.01

PDMS/Team Center

02.06.02

Prob Rpt'g Sys

02.06.03

Configuration Mgmt

02.06

Planetary Protection

02.07.01

Planetary Protection

02.07

NEPA Compliance

02.08.01

Lnch Approval Compliance

02.08.02

Risk Communication

02.08.03

LV Databook Dev

02.08.04

Launch Approval Eng'g 

*

02.08

Launch Sys Integ

02.09.01

Launch Sys Integ

02.09

Project V&V

02.10.01

Project V&V

02.10

Project Systems Engineering
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02.06 to 02.10
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03.01.01

Mission Assurance Mgmt

03.01

S/C Sys Safety

03.02.01

P/L Sys Safety

03.02.02

System Safety

03.02

S/C Enviro

03.03.01
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03.03.02

Environments

03.03

S/C Rel (at JPL)

03.04.01

S/C Rel (Remote)

03.04.02
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03.05

S/C HW QA (at JPL)

03.06.01

S/C HW QA (Remote)

03.06.02

P/L HW QA (at JPL)

03.06.03

P/L HW QA (Remote)

03.06.04

HW Quality Assurance

03.06

Mission Assurance

03

03.01 to 03.06
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03.07.01

S/C SW QA (Remote)

03.07.02

P/L SW QA (at JPL)

03.07.03

P/L SW QA (Remote)

03.07.04

SW QA

03.07

S/C Mat'ls & Processes

03.08.01

P/L Mat'ls & Processes

03.08.02

Mat'ls & Processes

03.08

S/C Contam Cntl

03.09.01

P/L Contam Cntl

03.09.02

Contamination Cntl

03.09

SW IV&V (WVa)

03.10.01

SW IV&V

03.10

Mission Ops Assur

03.11.01

Mission Ops Assurance

03.11

Mission Assurance

03

03.07 to 03.11
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Science Staff
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Science Mgmt

04.01

Part / Supt Scientist

04.02.01

Sci Team Mtgs.

04.02.02

Inst. 1 Sci Team

04.02.03

Inst 2 Sci Team

04.02.04

Inst 3 Sci Team

04.02.05

Tech P/L 1 Sci Team

04.02.06

Science Team

04.02

Sci Data Vis

04.03.01

Sci Data Archiving

04.03.02

Sci Data Modeling & Analysis

04.03.03

Science Data Supt

04.03

Sci Investigation

04.04.01

Ops Spt

04.04.02

Sci Investig & Ops Supt

04.04

Sci Environ Char

04.05.01

Science Environ Char

04.05

EPE--Formal Ed

04.06.01

EPE--Informal Ed

04.06.02

EPE--Engagement

04.06.03

Ed & Public Engagement

04.06

Science
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      with I&T for small instruments.

Template for an optical class instrument.

P/L Mgmt Staff

05.01.01

P/L Mgmt

05.01

P/L Sys Eng'g Staff

05.02.01

P/L Sys Eng'g Supt

05.02.02

P/L System Eng'g

05.02

Inst 1 Mgmt

05.03.01

Inst 1 Electronics

05.03.07

Inst 1 Sys Eng'g

05.03.02

Inst 1 SW

05.03.08

Inst 1 Optics

05.03.03

Inst 1 Pkg'g/Fab/Assy

05.03.09

Inst 1 Focal Planes/Detectors

05.03.04

Inst 1 BCE/GSE/AHSE

05.03.10

Inst 1 Struct/Mechs/Mech Eng'g

05.03.05

*  Inst 1 Calibration

05.03.11

Inst 1 Dector Cooler/Thermal S/s

05.03.06

Inst 1 I & T

05.03.12

Instrument 1

05.03

Inst 2 System Contract

05.04.00

Instrument 2

05.04

Payload System

05

05.01 to 05.04
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class Instrument.

Inst 3 Mgmt

05.05.01

Inst 3 Sys Eng'g

05.05.02

Inst 3 Electronics

05.05.03

Inst 3 Antenna

05.05.04

Inst 3 Struct, Therm, Mechs

05.05.05

Inst 3 Calibration

05.05.06

Inst 3 Pkg'g/Fab/Assy

05.05.07

Inst 3 BCE/GSE/AHSE

05.05.08

Inst 3 I&T

05.05.09

Instrument 3

05.05

Tech P/L 1 Mgmt

05.06.01

Tech P/L 1 Sys Eng'g

05.06.02

Tech P/L 1 Elec Dev

05.06.03

Tech P/L 1 Sensor Dev

05.06.04

Tech P/L SW Dev

05.06.05

Tech P/L 1 Pkg'g/Fab/Assy

05.06.06

Tech P/L 1 BCE/GSE/AHSE

05.06.07

Tech P/L 1 I&T

05.06.08

Technology P/L 1

05.06

Common P/L Sys HW

05.07.01

Common P/L System HW

05.07

P/L I&T

05.08.01

P/L I&T

05.08

Payload System

05

05.05 to 05.08
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S/C Contract
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FS Sys Eng'g Staff  (JPL)
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FS Sys Eng'g Staff (Remote)
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JPL Standard Flight Project 

Work Breakdown Structure 

Dictionary Template

	Element Number
	Element Name
	Element Description

	01


	Project Management
	The business and administrative planning, organizing, directing, coordinating, controlling, and approval processes used to accomplish overall Project objectives, which are not associated with specific hardware or software elements.

	01.01
	Project Management
	Lead and provides the primary customer interface for the Project.  Includes: Project Manager; Project Deputies (if any); secretaries; Academic Part Times (APTs); other Project Office support personnel.

	01.01.01
	Project Management Staff
	Lead and provides the primary customer interface for the Project.  Includes: Project Manager; Project Deputies (if any); secretaries; APTs; other Project Office support personnel.

	01.02
	Business Management
	Lead the business and resource control processes for the Project.  Includes, for example: all Project resource planning and control activities; maintenance of the Project schedule; financial control; production of cost estimates; operation of the Project performance measurement and reporting system(s).  Personnel include: Project Business/Control Manager; Finance; Planning / Scheduling personnel.

	01.02.01
	Business Management Staff
	Lead the business and resource control processes for the Project.  Includes, for example: all Project resource planning and control activities; maintenance of the Project schedule; financial control; production of cost estimates; operation of the Project performance measurements and reporting system(s).  Personnel include: Project Business/Control Manager; Finance; Planning / Scheduling personnel.

	01.03
	Risk Management
	Provide for the Project Risk Engineer and Risk Management subcontract/services that coordinate Project Risk Management processes.  Includes, for example: creation and maintenance of Project Master Risk List; interfacing with the Project Business personnel for development and maintenance of the Project Soft Lien List.

	01.03.01
	Risk Management
	Provide for the Project Risk Engineer and Risk Management subcontract/services that coordinate Project Risk Management processes.  Includes, for example: creation and maintenance of Project Master Risk List; interfacing with the Project Business personnel for development and maintenance of the Project Soft Lien List.  Document products include: Project Risk Management Plan (may be in the Project Implementation Plan (PIP); Significant Risk List; metrics on risk items.

	01.04
	Project Planning Support
	Provide expert planning support to the Project.  Includes, for example: additional labor required to coordinate and support preparation of project-level plans, per the Planning Practice; supporting preparation of agreements with outside organizations; establishing the Project requirements structure; establishing information infrastructure needed to manage the Project.  Products include: Task Plans; Project Plan; PIP.

	01.04.01
	Project Planning Support
	Provide expert planning support to the project.  Includes, for example: additional labor required to coordinate and support preparation of project-level plans, per the Planning Practice; support preparation of agreements with outside organizations; establishing the Project requirements structure; establishing the information infrastructure needed to manage the Project.  Products include: Task Plans; Project Plan; PIP.

	01.05
	Review Support
	Provide the human resources and facility structure for the formal, major internal and external Reviews of the Project ,and for preparation of the subsequent Board Request For Actions (RFAs) Board reports.  Includes, for example: travel expense for Board members; labor cost for non-Jet Propulsion Laboratory (JPL) Board members; conferencing facilities.  Includes the labor expense for JPL-direct Board members, and excludes the labor expense for non-JPL Board members.

	01.05.01
	Project Reviews
	Provide human resources and facilities for the Project’s formal, major internal reviews, including the: Selection Review/Concept Review (SR/CR); the Preliminary Design Review (PDR); Critical Design Review (CDR); Pre-Ship Review; preparation of subsequent Board RFAs and Board reports.  Costs include, for example:  travel expense for Board members, labor cost for non-JPL Board members, reproduction cost, and conferencing facilities; expense for Independent Cost Estimates.  Excludes: labor expense for JPL-direct Board members; cost for independent reviews such as Red Teams; "peer review" cost, which should be kept by the respective subsystem accounts.

	01.05.02
	Independent/Red Team Reviews
	Provide the human resources and facility structure for the formal, major external reviews of the Project, including the: Initial Confirmation Review (ICR); Confirmation Review (CR); Red Teams; preparation of subsequent Board RFAs and Board reports.   Includes costs for: travel expense for Board members; labor cost for non-JPL Board members; conferencing facilities; labor expense for JPL-direct Board members.  

	01.06
	Facilities
	Establish and maintain the Project’s office facilities, including: partitions; "Westinghouse” furniture and fixtures for the Project Office and collocated personnel; and move costs.  Excludes Conference Room costs.

	01.06.01
	Facilities
	Establish and maintain the Project’s office facilities, including: partitions; "Westinghouse" furniture and fixtures for the Project Office and collocated personnel; and Conference Room facilities.  Excludes Conference Room costs for audio/video/computer equipment; see Element 02.05.04 for these costs.

	01.07
	Foreign Travel
	The consolidated non-labor foreign travel expenses for the Project.

	01.07.01
	Foreign Travel
	The consolidated non-labor foreign travel expenses for the Project.

	01.08
	Tech Transfer / Commercial-ization
	Support technology transfer efforts of Project generated/enhanced technologies to the public sector, and interfacing with potential commercial developers of Project-developed technology.  Includes all subcontractor effort necessary to support the transfer of Project-developed technologies that may be used in the commercial market or on future National Aeronautics and Space Administration (NASA) missions.

	01.08.01
	Tech Transfer / Commercial-

ization
	Support technology transfer efforts of Project generated/enhanced technologies to the public sector, and interfacing with potential commercial developers of Project-developed technology.  Includes all subcontractor effort necessary to support the transfer of Project-developed technologies that may be used in the commercial market or on future National Aeronautics and Space Administration (NASA) missions.

	01.RE
	Reserves
	All budget reserves for the Project, whether or not distributed to other Work Breakdown Structure (WBS) elements.  Reserves are planned as part of the Project Baseline Budget.

	
	
	

	02


	Project Systems Engineering
	The technical and management efforts of directing and controlling an integrated engineering effort for the Project.  Includes, for example: the effort to define the Project space-ground system; the integrated planning and control of the technical program efforts of design engineering, specialty engineering, fabrication engineering, and integrated test planning; the effort to transform operational Project objectives into a description of system requirements and a preferred system configuration; the technical oversight and control effort for planning, monitoring measuring, evaluating, directing, and replanning the management of the technical program.  Documentation Products include: Mission/System Requirements Document (MSRD); Interface Control Documents (ICDs); Risk Management Plan; and Verification and Validation (V&V) Plan.  Excludes: any design engineering cost.

	02.01
	Project Systems Engineering
	Provides the Project system architecture development and engineering functions as the Project System Engineer/Chief Engineer.  Includes, for example: defining inter-system interfaces and Project external interfaces,; defining fault protection and system design margins and guidelines; managing Project technical resources.  Provides for the Project System Engineer and staff.  Documentation products include: Project Review Plan (may be part of PIP); Review Agendas; Review Reports.

	02.01.01
	Project Systems Engineering Management
	Lead the Project’s overall system architecture, definition and engineering functions as the Project System Engineer/Chief Engineer.  Includes, for example: requirements structure, flowdown, definition, and management; defining inter-system interfaces; Project external interfaces and test plans; managing Project technical resources and risk.  Runs the Project System Engineering Team and manages the Project Action-Item List.  Also includes Project Engineering document development tasks such as Project Review Plans, System Engineering Reports, Project Requirements Documents, System Description Documents, ICDs, V&V Requirements, and Project Test Plans & Test/Verification Matrix.

	02.02
	Mission and Navigation Design
	The complex of Project equipment, data, services, human resources and facilities required to (1) design the mission scenarios, and (2) navigate the flight system to its intended destination.  Includes, for example: launch and trajectory analysis; orbit and maneuver determination; ephemeris; Deep Space Network (DSN) requirements; corrections for small forces.

	02.02.01
	Mission and Navigation Design Management
	Manage and provide leadership for Project Mission and Navigation design development, schedule, and cost ( i.e. Project Element Manager (PEM) responsibilities).  Includes, for example: providing liaison with the Project to ensure the interfaces between the Mission & Navigation design and Mission Operations System are defined; ensuring requirements are defined and tests are performed; supporting design team meetings and Project reviews; leading Mission and Navigation design reviews.  Includes: PEM; Deputy PEM (if any); administrative support.

	02.02.02
	Mission Analysis and Design
	Plan and develop the Project’s end-to-end mission scenarios.  Includes, for example: developing planning and operational guidelines and constraints for the mission; supporting DSN requirements and interface definition; developing Earth-relative departure targets for the launch vehicle upper-stage; evaluating utilization of the launch period; developing the end-to-end baseline trajectory design (injection through planetary quarantine orbit); analyzing the trajectory and orbit design of the various mission phases for compliance with planetary protection requirements; providing system administration support for Unix computers owned and operated by the Mission Design Team.  The main products are: Mission Requirements Document; Target Specification; Mission Plan; Trajectory Characteristics Document.

	02.02.03
	Navigation Analysis and Design
	Perform maneuver and orbit determination analyses in support of the Mission and Navigation Design Team.  Includes, for example: performing maneuver analyses to determine propulsive maneuver locations; statistical Delta-V,  propellant budgets, probabilities of impact and delivery errors at the target body; developing launch vehicle injection targets biased for planetary protection purposes; developing an end-to-end baseline trajectory for the entire mission; analyzing the spacecraft design for operability (ephemeris prediction requirements) in the primary science orbit; provide system administration support for Unix computers owned and operated by the Mission and Navigation Design Team.  The main products are: Navigation Plan; Performance Assessment Report.

	02.03
	Project Software Engineering
	Lead the system software (SW) architecture effort, and function as the Project SW Systems Engineer.  Includes, for example: development of SW policies & practices; defining software requirements; SW design; SW implementation; SW test issues; flight/ground tradeoffs; providing the Project interface (along with Software Quality Assurance (SQA) Liaison) to NASA’s West Virginia (Wva) Independent Verification and Validation (IV&V) Center.  

	02.03.01
	Project Software Engineering
	Lead the system SW architecture and function as the Project SW Systems Engineer.  Includes, for example:  development of SW policies & practices; working software requirements, design, implementation, test issues and flight/ground tradeoffs; providing for the Project interface (along with SQA Liaison) to NASA’s West Virginia (Wva) Independent Verification and Validation (IV&V) Center.  Documentation products include: Software Management Plan.

	02.04
	End-To-End Information System
	Provide for End-to-End Information System (EEIS) Engineering for the Project science and/or technology data stream.  Includes, for example: analysis and validation of data streams from Instrument/Payload collection points through the Payload-Spacecraft interface; downlinking; collection in the Ground Data System (GDS); data processing; delivery to recipients.

	02.04.01
	End-To-End Information System
	Provide for EEIS Engineering for the Project science and/or technology data stream.  Includes, for example: analysis and validation of data streams from Instrument/Payload collection points through the Payload-Spacecraft interface; downlinking; collection in the GDS; data processing; and delivery to recipients.

	02.05
	Information Systems Engineering & Communica-

tions
	Provide Project team communications, information technology architecture, and data organization, retrieval, and archiving to support the "virtually co-located" Project, which includes partners/major subcontractors and international partners.  Coordinate and facilitate audio and video conferencing among the remote locations.  Identify, integrate, and adapt Project-specific and institutional tools and repositories for Project Team use.  Assure compliance with: International Standards Organization (ISO) 9001; NASA Policy Guidance (NPG) 7120.5; International Traffic in Arms Regulations (ITAR); Export Administration Regulations (EAR); JPL Institutional Management Requirements.  Extend information environment to the launch site.

	02.05.01
	Information Systems Engineering & Communica-

tions
	Provide Project team communications, information technology architecture, and data organization, retrieval, and archiving to support the "virtually co-located" Project, which includes partners/major subcontractors (and international partners, as applicable).  Coordinate and facilitate audio and video conferencing among the remote locations.  Identify, integrate, and adapt Project specific and institutional tools and repositories for Project Team use.  Assure compliance with ISO 9001, NPG 7120.5, ITAR, EAR, and JPL Institutional Management Requirements.  Extend the Project's information environment to the launch site.  Documentation products may include the following PIP sections: Project Communications Section; Configuration and Information Management Plan; ITAR Section; and Security Plan.  Document Management Products are as follows: Master Controlled Documents List (MCDL); Master Controlled Records List (MCRL); Document Tree; Document List; Engineering Data Management Group (EDMG) Drawing Release; and Reproduction.

	02.05.02
	Repository & Work Area
	Capture the service and maintenance costs for Project Repositories and Work Areas used for Project collaboration activities.

	02.05.03
	Project Team Websites & Action Item System
	Provide the Project Internal Website, which is the focal point for the Project Information Management Environment.  Provide the Project Action Item System.  Excludes Project Public Outreach Websites.

	02.05.04
	Project Conference Room(s) 
	Design, implement, and maintain Project Conference Room(s) facilities.  Includes: Project vidoeconferencing equipment; projection; computer purchase, maintenance and usage costs.

	02.06


	Configuration Management
	Provide the interface with and coordinate Configuration Management (CM) activities between the Project (i.e., JPL) and industrial, foreign, United States (US) agency, NASA Center, and university partners to provide the required change visibility with all interacting and interdependent elements of the Project, and to ensure interface control between various Project elements.  Includes, for example: establishing and managing the JPL Project-level Change Control Board; coordinating change activity between the Project and industrial team partners; providing operational guidance on CM issues.  Also includes the costs of the EDMG and/or Product Data Management System (PDMS).

	02.06.01
	Configuration Management
	Provide the interface with and coordinate CM activities between the Project (i.e., JPL) and industrial team partners, to provide the required change visibility with all interacting and interdependent elements of the program, and to ensure interface control between various program elements.  Includes, for example: establishing and managing the JPL Project level Change Control Board; coordinating change activity between the Project and industrial team partners; and providing operational guidance on CM issues. Also includes the costs of EDMG and/or PDMS.  Products include: CM Plan; CM System; dispositioned Engineering Change Requests (ECRs).

	02.06.02
	Project Data Management System / Team Center
	Provide Project product data management tools & services for all engineering design, data, and parts information generated.  PDMS maintains such data and information according to standard product data management processes and practices, and provides all necessary indexing, referencing, storage, and retrieval functions via a networked environment that provides secure access by personnel at JPL and around the World via the Internet.  Assure compliance with ISO 9001, NPG 7120.5, ITAR, EAR, and JPL Institutional Management Requirements.

	02.06.03
	Problem Reporting System
	Provide Project Integrated Reporting System tool and support to Project elements at JPL and at partner/ subcontractor locations (as applicable).  The Problem Reporting System (PRS) includes integrated anomaly reporting, which in turn includes Problems Logs, Problem Failure Reports (PF/Rs), Incident Surprise Anomalies (ISA), Risk Instrumentation Notice (RIN) system, and Environmental Test Authorization Summary (ETAS) on-line systems.  Costs include: Project setup, operations, and maintenance; special/custom enhancement requests (which shall be negotiated separately).

	02.07
	Planetary Protection
	Ensure that the Project meets all NASA Planetary Protection (PP) requirements.  Includes, for example: performing analyses; drafting and submitting documentation to the appropriate national agencies; interfacing with industrial, foreign, US Agency, NASA Center, and university partners/subcontractors, and reviewing their analyses for compliance with requirements.

	02.07.01
	Planetary Protection
	Ensure that the Project meets all NASA planetary protection requirements.  Includes, for example: drafting of the required documentation to obtain a PP category for the Project from the NASA Planetary Protection Officer (PPO); performing the necessary analyses, modeling, documentation, and reviews to meet PP requirements through PP launch approval; reviewing final PP reports prepared by industrial partners/subcontractors.

	02.08
	Launch Approval Engineering
	Enable the satisfaction of legal and related requirements associated with assessing and mitigating the potential adverse environmental effects of flight projects and certain terrestrial research and development projects and tasks managed by JPL.  Includes, for example: performing analyses, drafting and submitting documentation to the appropriate national agencies, interfacing with industrial, foreign, US Agency, NASA Center, and university partners/subcontractors and reviewing their analyses for requirements compliance

	02.08.01
	National Environmental Protection Act Compliance
	Ensure procedural compliance with NASA requirements for the National Environmental Policy Act (NEPA), as described by NASA Policies and Guidelines (NPG) 8580.1, Procedures and Guidelines for Implementing the National Environmental Policy Act and Executive Order 12114.  Includes representing the Project at all NEPA Compliance meetings and reviews and providing liaison function with NASA HQ, and other industrial partners/subcontractors as required.  Documentation products may include: elements of the PIP; and contributions to an Environmental Assessment (EA) or an Environmental Impact Statement (EIS).

	02.08.02
	Launch Approval Compliance
	Satisfy the requirements of Presidential Directive/National Security Council Memorandum #25 (PD/NSC-25) and NPG 8715.3, NASA Safety Manual, for flight projects that involve the launch of radioactive materials or might have large-scale or protracted effects on the physical or biological environment.  Satisfy the requirements of the Federal Radiological Emergency Response Plan with regard to the launch of radioactive materials.  Includes interfacing with contractors, government agencies, and headquarters in support of the launch approval processes.

	02.08.03
	Risk Communica-

tion
	Satisfy the requirements of JPL D-16993, "Office of Space Science Risk Communication for Planetary and Deep Space Missions".  Provide a coordinated approach to communication with the media, public, educators, legislators, and governmental bodies about NASA missions, which may have environmental, or safety issues of greater than ordinary concern to members of these groups.  Represent the Project interests at all risk communication planning meetings and reviews, and provide liaison function with internal JPL offices, NASA HQ, and other industrial partners/subcontractors as required.  Documentation products may include: Responses To Questions (RTQs); Fact Sheets; project-specific External Communication Plans.

	02.08.04
	Launch Vehicle Databook Development
	Preparation of Launch Vehicle Databook to support analyses required for NEPA documentation and Nuclear Safety Analyses prepared by the U. S. Department of Energy when special nuclear materials (SNM) are included in the spacecraft.

	02.09
	Launch System Integration
	Provide the liaison interface between Launch System and all other Project Systems, and the primary interface between the Project and the Launch Services provider.  Launch Services costs are excluded.

	02.09.01
	Launch System Integration Interface
	Provide the liaison interface between Launch System and all other Project Systems, and the primary interface between the Project and the Launch Services provider. Products include: Launch Vehicle (LV) ICD.

	02.10
	Project Verification & Validation
	Perform requirements V&V on the Project Systems.  Key products include the Project V&V Plan.

	02.10.01
	Project Verification & Validation
	Perform requirements V&V on the Project Systems.  Key products include the Project V&V Plan.

	
	
	

	03


	Mission Assurance
	The technical and management efforts of directing and controlling the Mission Assurance Elements of the Project.  Includes, for example:  design, development, review and verification of practices and procedures intended to assure that the delivered Flight System and Instruments/payloads meet performance requirements and function for their intended lifetimes.  Excludes:  Mission and Product Assurance efforts at partners/ subcontractors other than a review/oversight function, and the direct costs of environmental testing.

	03.01
	Mission Assurance Management
	Lead and manage the overall Mission Assurance effort for the Project and provide the primary Mission Assurance interface to partners and subcontractors.  Documentation products include: Mission Assurance Plan (may be included in the PIP).

	03.01.01
	Mission Assurance Management Staff
	Lead and manage the overall Mission Assurance effort for the Project and provide the primary Mission Assurance interface to partners and subcontractors with responsibilities distributed among the staff.  Includes, for example:  Mission Assurance Manager, and Deputy Mission Assurance Manager (as applicable).

	03.02
	System Safety
	Provide Systems Safety engineering to the Project.  Includes; monitoring subcontractors and payload providers; launch campaign.

	03.02.01
	Spacecraft System Safety
	Provide spacecraft Systems Safety engineering to the Project.  Includes: monitoring subcontractors and payload providers; launch campaign.  Products include: Safety Plan (may be in the Missions Assurance Plan (MAP)); initial and follow-on Hazard Analysis.

	03.02.02
	Payload System Safety
	Provide payload Systems Safety engineering to the Project.  Includes: monitoring subcontractors and payload providers; launch campaign.  Products include: Safety Plan (may be included in the MAP); initial and follow-on Hazard Analysis.

	03.03
	Environments
	Provide Environmental Engineering for the project, including for example: Thermal; Vibro-Acoustic; Natural Space Environments and Electro-Magnetic Compatibility / Electro-Magnetic Interference (EMC/EMI); test monitoring; etc.  Excludes costs of Environmental Testing.

	03.03.01
	Spacecraft Environments
	Provide spacecraft Environmental Engineering for the project, including for example: Thermal; Vibro-Acoustic; Natural Space Environments and EMC/EMI; test monitoring; etc.  Excludes costs of Environmental Testing.  Products include: Environmental Support Plan (may be included in the MAP); Environmental Requirements Document (ERD).

	03.03.02
	Payload Environments
	Provide payload Environmental Engineering for the project, including for example: Thermal; Vibro-Acoustic; Natural Space Environments and EMC/EMI; test monitoring; etc.  Excludes costs of Environmental Testing.  Products include: Environmental Support Plan (may be included in the MAP); ERD.

	03.04
	Reliability Design and Analysis
	Provide reliability (circuit and mechanism) design and analysis support to Project elements at JPL and at partners/subcontractors (as applicable).  Includes, for example: performing and reviewing Electronic Parts Stress Analyses; Circuit Worst Case Analyses; interface Failure Modes, Effects and Criticality Analyses (FMECAs) and Single Event Effects analyses on spacecraft electronics; Fault Tree Analyses and Probabilistic Risk Assessment review/assessment for spacecraft contractor problem reports; review and closeout of PFRs.

	03.04.01
	Spacecraft Reliability (at JPL)
	Provide spacecraft reliability (circuit and mechanism) design and analysis support to Project elements at JPL.  Includes, for example: Reliability Plan (may be part of Mission Assurance Plan); performing and reviewing Electronic Parts Stress Analyses; Circuit Worst Case Analyses; interface FMECAs and Single Event Effects analyses on spacecraft electronics; review and closeout of PFRs.

	03.04.02
	Spacecraft Reliability (Remote Site)
	Provide spacecraft reliability (circuit and mechanism) design and analysis support to Project elements at partners/subcontractors (as applicable).  Includes, for example: reviewing, approving, and occasionally performing Electronic Parts Stress Analyses; Circuit Worst Case Analyses; interface FMECAs and Single Event Effects analyses on spacecraft electronics.  Also includes: Fault Tree Analyses and Probabilistic Risk Assessment review/assessment for spacecraft contractor problem reports. 

	03.04.03
	Payload Reliability (at JPL)
	Provide payload reliability (circuit and mechanism) design and analysis support to Project elements at JPL.  Includes, for example: Reliability Plan (may be part of Mission Assurance Plan); performing and reviewing Electronic Parts Stress Analyses; Circuit Worst Case Analyses; interface FMECAs and Single Event Effects analyses on spacecraft electronics; review and closeout of PFRs.

	03.04.04
	Payload Reliability (Remote Site)
	Provide payload reliability (circuit and mechanism) design and analysis support to Project elements at partners/subcontractors (as applicable).  Includes, for example: reviewing, approving, and occasionally performing Electronic Parts Stress Analyses; Circuit Worst Case Analyses; interface FMECAs and Single Event Effects analyses on spacecraft electronics.  Also includes: Fault Tree Analyses and Probabilistic Risk Assessment review/assessment for spacecraft contractor problem reports.

	03.05
	EEE Parts Engineering
	Provide Electrical, Electronic, and Electro-mechanical (EEE) Parts Engineering support to Project elements at JPL and at partners/subcontractors (as applicable).  Includes, for example: Parts list reviews; waivers; Monthly Management Review (MMR)/PDR/CDR/HRCR support; document/status reviews (implementation plans, Non-Standard Parts Approval Request (NSPARS); Material Review Board (MRB) support; limited Alert review; parts list in Electronic Parts Information System (EPINS).   Also includes: costs associated with upscreening and testing.  Excludes: cost of the EEE parts themselves, which are distributed throughout the subsystem accounts.

	03.05.01
	Spacecraft EEE Parts Engineering
	Provide spacecraft EEE Parts Engineering support to Project elements at JPL and partners/subcontractors (as applicable).  Includes, for example: Parts list reviews; waivers; MMR / PDR / CDR / HRCR support; document/ status reviews (implementation plans, NSPARS); MRB support; limited Alert review; parts list in EPINS.  Also includes: costs associated with upscreening and testing.  Excludes: cost of the EEE parts themselves, which are distributed throughout the subsystem accounts.

	03.05.02
	Payload EEE Parts Engineering
	Provide payload EEE Parts Engineering support to Project elements at JPL and at partners/subcontractors (as applicable).  Includes, for example: Parts list reviews; waivers; MMR / PDR / CDR / HRCR support: document/ status reviews (implementation plans, NSPARS); MRB support; limited Alert review; parts list in EPINS.  Also includes: costs associated with upscreening and testing.  Excludes: cost of the EEE parts themselves, which are distributed throughout the subsystem accounts.

	03.06
	Hardware Quality Assurance
	Provide JPL on-site and itinerant Hardware Quality Assurance (HQA) support to partners/subcontractors, and oversight into partners/ subcontractor's Quality Assurance (QA) effort to ensure that proper QA processes are selected and used for flight hardware.

	03.06.01
	Spacecraft Hardware Quality Assurance (at JPL)
	Provide JPL on-site and itinerant spacecraft HQA support to partners/subcontractors, and oversight into partners/ subcontractor's Quality Assurance (QA) effort to ensure that proper QA processes are selected and used for flight hardware.  Includes, for example: pre-cap inspections of Engineering Model (EM) hardware; supporting assembly of flight hardware; supporting milestone reviews including PDR, CDR, Hardware Readiness Certification Review (HRCR); general support when requested on non-flight hardware.  Excludes: "touch" assurance for JPL on-site hardware fabrication, which is distributed throughout the subsystem accounts; off-site hardware fabrication; JPL QA resident support at contractor facility.

	03.06.02
	Spacecraft Hardware Quality Assurance (Remote Site)
	Provide JPL off-site resident spacecraft HQA support at partners/ subcontractors, and HQA at the launch site.  Includes, for example: off-site residents who  are the JPL representative at the subcontractor/partner.

	03.06.03
	Payload Hardware Quality Assurance (at JPL)
	Provide JPL on-site and itinerant payload HQA support to partners/subcontractors, and oversight into partners/ subcontractor's Quality Assurance (QA) effort to ensure that proper QA processes are selected and used for flight hardware.  Includes, for example: pre-cap inspections of Engineering Model (EM) hardware; supporting assembly of flight hardware; supporting milestone reviews including PDR, CDR, HRCR; general support when requested on non-flight hardware.  Excludes: "touch" assurance for JPL on-site hardware fabrication, which is distributed throughout the subsystem accounts; off-site hardware fabrication; JPL QA resident support at contractor facility.

	03.06.04
	Payload Hardware Quality Assurance (Remote Site)
	Provide JPL off-site resident payload HQA support at partners/ subcontractors, and HQA at the launch site.  Includes, for example: off-site residents who are the JPL representative at the subcontractor/partner.

	03.07


	Software Quality Assurance
	Provide JPL on-site and itinerant SQA support to partners/subcontractors, and oversight into partners/subcontractor's Quality Assurance effort to ensure that proper Quality Assurance (QA) processes are selected and used for flight software.

	03.07.01
	Spacecraft Software Quality Assurance (at JPL)
	Provide JPL on-site and itinerant spacecraft SQA support to partners/subcontractors, and oversight into partners/subcontractor's Quality Assurance effort to ensure that proper Quality Assurance (QA) processes are selected and used for flight software.  Includes, for example: assuring that the processes and standards as specified in the Project Software Management Plan will be followed by the Software development Teams; verifying Software Requirements Traceability (System/Subsystem Requirement/Software Requirements and Testing);  Software Readiness Certification Review (SRCR) for In-house Mission Software; witnessing the software acceptance tests; assuring that subcontractors/ partners provide objective evidence to show that Project SQA requirements are met.  Excludes: JPL QA resident support at contractor facility.

	03.07.02
	Spacecraft Software Quality Assurance (Remote Site)
	Provide JPL off-site resident spacecraft SQA support at partners/ subcontractors, and SQA at the launch site. Includes, for example: off-site residents who are the JPL representative at the subcontractor/partner.

	03.07.03
	Payload Software Quality Assurance (at JPL)
	Provide JPL on-site and itinerant payload SQA support to partners/subcontractors, and oversight into partners/subcontractor's Quality Assurance effort to ensure that proper Quality Assurance (QA) processes are selected and used for flight software.  Includes, for example: assuring that the processes and standards as specified in the Project Software Management Plan will be followed by the Software development Teams; verifying Software Requirements Traceability (System/Subsystem Requirement/Software Requirements and Testing); SRCR for In-house Mission Software; witnessing the software acceptance tests; assuring that subcontractors/ partners provide objective evidence to show that Project SQA requirements are met.  Excludes: JPL QA resident support at contractor facility.

	03.07.04
	Payload Software Quality Assurance (Remote Site)
	Provide JPL off-site resident payload SQA support at partners/ subcontractors, and SQA at the launch site.  Includes, for example: off-site residents who are the JPL representative at the subcontractor/partner.

	03.08
	Materials and Processes
	Provides for Materials and Processes (M&P) support for the Project design and implementation phases, including:  oversight into contractor's M&P effort to ensure that proper materials and processes are selected and used for flight hardware.  Excludes: costs for materials, fasteners, thermal vacuum bakeouts; any required M&P development, qualification, testing.

	03.08.01
	Spacecraft Materials and Processes
	Provides for spacecraft M&P support for the Project design and implementation phases, including: oversight into JPL and contractor M&P efforts and the review and assessment of the subsystems' M&P listing to ensure that proper materials and processes are selected and used for flight hardware.  Excludes: costs for materials, fasteners, thermal vacuum bakeouts; any required M&P development, qualification, testing.

	03.08.02
	Payload Materials and Processes
	Provides for payload M&P support for the Project design and implementation phases, including: oversight into JPL and contractor M&P efforts; review and assessment of the subsystems' M&P listing to ensure that proper materials and processes are selected and used for flight hardware.  Excludes: costs for materials; fasteners; thermal vacuum bakeouts; any required M&P development, qualification, testing.

	03.09
	Project Contamination Control
	Lead, manage and coordinate Contamination Control (CC) effort for Project.  Includes: Contamination oversight to spacecraft contractor and Payload providers.  Excludes: support to detailed contamination analysis or CC program development; support to Planetary Protection effort; requirements verification; interface documentation; support to thermal vacuum bake-outs.

	03.09.01
	Spacecraft Contamination Control
	Lead, manage and coordinate spacecraft CC effort for Project.  Includes: Contamination oversight to spacecraft contractor and Payload providers.  Excludes: support to detailed contamination analysis or CC program development; support to Planetary Protection effort; requirements verification; interface documentation; support to thermal vacuum bake-outs.  Documents include: Contamination Control Plan.  Products include: Contamination Materials Identification and Flowpath Analysis.

	03.09.02
	Payload Contamination Control
	Lead, manage and coordinate payload CC effort for Project.  Includes: Contamination oversight to spacecraft contractor and Payload providers.  Excludes: support to detailed contamination analysis; CC program development; support to Planetary Protection effort; requirements verification; interface documentation; support to thermal vacuum bake-outs.  Documents include: Contamination Control Plan.  Products include: Contamination Materials Identification and Flowpath Analysis.

	03.10
	Software IV&V
	Provide independent IV&V for Project software systems.  Includes, for example: software IV&V performed by the NASA WVa facility.

	03.10.01
	Software IV&V--West Virginia
	Provide for WVa IV&V Center Support.  Includes, for example: WVa bypass funding for software IV&V.

	03.11
	Mission Operations Assurance
	Ensure operations staff follows proper processes and procedures in doing Project operations.  

	03.11.01
	Mission Operations Assurance
	Ensure operations staff follows proper processes and procedures in doing Project operations.  Includes, for example: pre-launch preparation activities; support from the Operations Assurance Manager and specified MA activities that assure continuing capability of the PRS; operations software product assurance.

	
	
	

	04


	Science
	The technical and management efforts of directing and controlling the Science investigation aspects of the Project.  Includes, for example:  the efforts associated with defining the science requirements; ensuring the integration of the science requirements with the Instruments, Payloads, and Flight System; providing the algorithms and software for science data processing and analyses; science data archiving.  Excludes: hardware and software of on-board science investigative Instruments / Payloads.

	04.01
	Science Management
	Manage relationships between other elements of the Project and the science investigators.  Includes, for example: planning science operations and data analysis, science implementation schedules, science document configuration control, monitoring science support contracts; managing the science data archiving process.

	04.01.01
	Science Management
	The Project Scientist and Project Science Staff manage relationships between other elements of the Project and the science investigators.  Includes, for example: planning science operations and data analyses; science implementation schedules; science document configuration control; monitoring science support contracts.; managing the data archiving process.  Document products include: Science Management Plan (SMP); Science Data Management Plan (SDMP).

	04.01.02
	Science Staff
	Lead the science activities of the Project.  Includes, for example: participating in Project reviews and other types of Project activities; maximizing scientific return within Project constraints; managing and chairing the Project Science Group; serving as the scientific spokesperson for the Project.

	04.02
	Science Team
	The science personnel associated with the Project's science investigations.  Includes, for example: JPL on-site scientists; non-JPL scientists; Principal Investigators (PIs); Deputy PIs; Co-Investigators (Co-Is); Experiment Representatives; Team Leads; Team Members associated with the various Project Instrument/Payloads who are partnered/subcontracted by JPL and located worldwide.  Excludes: Instrument/Payload development costs.

	04.02.01
	Participating / Support Scientist
	Provide for Participating Scientists support to the project.  Includes, for example: providing science advice to the project; participating in meetings, algorithm development, Instrument/ Payload calibration and analysis, operational tests, and operations planning,

	04.02.02
	Science Team Meetings
	Provide for attendance by non-JPL scientists at Project science meetings . Includes, for example: meeting room facilities; logistics; travel for non-JPL personnel.  Excludes labor expenses for the time period of the meetings.

	04.02.03
	Instrument 1 Science Team
	Provide for a science investigative team focused on a particular Instrument or Instrument science data set.  Includes, for example: science advice to the project; liaison to the Instrument Development Team (Instrument Rep); participation in Project meetings; Instrument calibration and analysis; algorithm development; science data processing software; science data validation; operations planning; operational tests; data archive planning.  This element may be funded through NASA HQ directly.

	04.02.04
	Instrument 2 Science Team
	Provide for a science investigative team focused on a particular Instrument or Instrument science data set.  Includes, for example: science advice to the project; liaison to the Instrument Development Team (Instrument Rep); participation in Project meetings; Instrument calibration and analysis; algorithm development; science data processing software; science data validation; operations planning; operational tests; data archive planning.  This element may be funded through NASA HQ directly.

	04.02.05
	Instrument 3 Science Team
	Provide for a science investigative team focused on a particular Instrument or Instrument science data set.  Includes, for example: science advice to the project; liaison to the Instrument Development Team (Instrument Rep); participation in Project meetings; Instrument calibration and analysis; algorithm development; science data processing software; science data validation; operations planning; operational tests; data archive planning.  This element may be funded through NASA HQ directly.

	04.02.06
	Technology Payload 1 Science Team
	Provide for a science investigative team focused on a particular Payload or Payload science data set.  Includes, for example: science advice to the project; participate in meetings; algorithm development; science data processing software; Payload calibration and analysis; operations planning; operational tests; science data validation; science data archive planning.

	04.03
	Science Data Support
	Provide support to the Project Science Team with processed test data sets and plans for generation and validation of actual data sets once received.

	04.03.01
	Science Data Visualization
	Provide high-quality, rapid-production, special data visualization products for use in press conferences, science publications, and public release.  This includes, for example: mosaics and digital terrain models.  Provide software and data connectivity support to the Project Scientist and Science Team for visualizing the downlinked data and special data products.

	04.03.02
	Science Data Archiving
	Provide support for Science Data Archiving.  Includes, for example: development of the Science Data Archive Generation, Validation and Transfer Plan; development of data product specifications; review of data products;  assistance with the validation of produced data products.  May include a Science Data Archive Plan.

	04.03.03
	Science Data Modeling and Analysis
	Perform science data modeling and data analyses.  Includes, for example: mosaics and digital terrain models.  Provide software and data connectivity support to the Project Scientist and Science Team for modeling and analyzing the downlinked data and special data products.

	04.04
	Science Investigations and Operations Support
	Provide science liaison between the Instrument/ Payload PIs and Project engineers.  Includes, for example: providing science clarification of Instrument/ Payload requirements; evaluating designs and operational plans to ensure that science return is maximized.

	04.04.01
	Science Investigations
	Provide liaison between the Instrument/ Payload PIs and Project engineers.  Includes, for example: providing science clarification of Instrument/ Payload requirements; evaluating designs to ensure that science return is maximized.

	04.04.02
	Operations Support
	Provide science support to the Instrument/ Payload PIs and Project engineers.  Includes, for example: providing science clarification of Instrument/ Payload requirements; evaluating operational plans to ensure that science return is maximized.

	04.05
	Science Environmental Characteriza-

tion
	Provide science advice on characterization of the atmosphere and surface of the target destination.  Assist with the development of the ERD.  Participate in meetings with scientists and Project engineers to provide best estimates and uncertainties for key environmental characteristics.

	04.05.01
	Science Environmental Characteriza-

tion
	Provide science advice on characterization of the atmosphere and surface of the target destination.  Assist with the development of the ERD.  Participate in meetings with scientists and Project engineers to provide best estimates and uncertainties for key environmental characteristics.

	04.06
	Education and Public Engagement
	Provide for the Education and Public Engagement (EPE) aspects of the Project.  Includes, for example: labor and materials associated with exhibits and seminars in schools and museums; Project web page design and maintenance; subcontracts to other EPO partners such as the Challenger Center.

	04.06.01
	EPE--Formal Education
	The formal education community is divided into the following levels based on grade: K–4; 5–8; 9–12; Undergraduate (includes Community College); Graduate; Postdoctoral.  At the K–12 levels, content (knowledge) derived from the NASA Enterprises is tailored to meet customer needs and is guided by curriculum standards for science, mathematics, technology and geography at the national, state and local levels.  At the postsecondary levels, customers are directly involved in and support NASA’s mission needs.  Examples of such activities include: workshops for educators; internships and fellowships for students at all levels (high school, undergraduate, graduate); interactive web sites developed for use in the classroom; educator guides and other classroom products developed for specific missions.

	04.06.02
	EPE--Informal Education
	The informal education community includes museums, science and technology centers and similar nonprofit and /or for-profit education organizations that support the formal education community and provide significant educational activities for learners of all ages.  Most of these organizations are major community, regional, or national resources for science education.  In addition, the informal education community has a tradition of presenting educational experiences using an inquiry, hands-on approach that is well aligned with the National Science Education Standards.

	04.06.03
	EPE--Engagement
	Engagement includes: tours; conferences; open house activities; exhibits; media content; postcards; bookmarks; posters; slide sets; publications; internet sites; other types of public activities.

	
	
	

	05


	Payload System
	The equipment provided for special purposes in addition to the normal equipment integral to the spacecraft.  Includes, for example: experimental and scientific data gathering equipment placed on board the flight system.

	05.01
	Payload Management
	Manage/coordinate Request For Proposal / Announcement of Opportunity (RFP / AO) (as applicable).  Function as the Contract Technical Managers (CTMs) for Instrument/Payload contracts.  Provide the primary interface between the Project and Instrument/Payload providers.

	05.01.01
	Payload Management Staff
	Manage/coordinate RFP/AO (as applicable). Function as the CTMs for Instrument/Payload contracts.  Provide the primary interface between the Project and Instrument/Payload providers.  Includes, for example: Payload Manager, and a Deputy Payload Manager (as needed).

	05.02
	Payload System Engineering
	Define and manage the requirements and interfaces between the instruments/Payloads and the Flight System.  Includes, for example: the mechanical and electrical Interface Control Documents; Configuration Control; Risk  Management.

	05.02.01
	Payload System Engineering Staff
	Payload System Engineering (Eng'g) & staff are responsible for interfaces between all Instruments & Payloads and  the Flight System.  This includes design and engineering for the mechanical, optical, electrical, and thermal interfaces.

	05.02.02
	Payload System Engineering Support
	Provide for ad hoc expert Division support to the Payload System Engineering element.  (This includes specialist engineering support, such as stray light analysis, contamination analysis, parts qualification, and parts radiation testing.)

	05.03
	Instrument 1
	The complex of equipment, data, services, human resources and facilities required to develop an integrated instrument that meets the applicable science and spacecraft requirements. 

	05.03.01
	Instrument 1 Management
	Provide leadership for and manage instrument development through L+30.  Function as the primary interface between the Instrument and the Project.  Also includes regular interaction with the PI and her/his team.

	05.03.02
	Instrument 1 System Engineering
	Lead and perform overall Instrument design so that it meets science applicable requirements and integrates successfully with the Flight System.  Includes, for example: developing and maintaining Instrument performance specifications; reviewing and approving component / assembly specs; generating Instrument test plans and procedures; engineering support to Assembly, Test and Launch Operations (ATLO), including V&V and calibration in addition to qualification during thermal/vacuum testing.

	05.03.03
	Instrument 1 Optics
	Design, specify and fabricate/procure the instrument optics, including lens(es) and/or mirror(s), and perform component test.

	05.03.04
	Instrument 1 Focal Planes/ Detectors
	Develop detector requirements specification & procurement, packaging, & testing.  Includes Focal Plane Array (FPA) filter elements.

	05.03.05
	Instrument 1 Structures, Mechanisms, and Mechanical Engineering
	Instrument mechanical/thermal requirements definition, design, fabrication, assembly, and mechanical/thermal interface definition.  Includes: thermal analysis; stress analysis; materials support; loads definition.  If required, includes: optical mirror/lens mounting hardware; instrument optical bench; instrument system thermal hardware; all mechanisms. This includes box-to-box cabling external to Instrument 1 if not provided in 05.03.07.

	05.03.06
	Instrument 1 Detector Cooler/Thermal Subsystem
	Includes: cryocooler and Thermoelectric Cooler (TEC) or passive cooler requirements definition; design; procurement; component testing.

	05.03.07
	Instrument 1 Electronics
	Design, build, and test: instrument electronics power supply/conditioning; processor; memory; data storage; data collection; Analog-to-Digital (A to D) conversion; telemetry collection; telecomm/antenna (if required).

	05.03.08
	Instrument 1 Software
	Design, code, and test flight software for the instrument.  Includes, for example: detector multiplexing and readout; data formatting and transfer to spacecraft; mechanism control and/or activation; instrument command sequencing;  building device drivers.  For small projects this element may be combined with 05.03.07-Instrument 1 Electronics.

	05.03.09
	Instrument 1 Packaging, Fabrication & Assembly
	Instrument electronics packaging, PWB procurement, parts population, assembly, internal cabling, and checkout.  Includes fabrication process inspection and fabricated parts inspection (e.g., mechanical parts, circuit boards).

	05.03.10
	Instrument 1 BCE / GSE / AHSE
	Design, develop/fabricate/procure, assemble and test the Bench Checkout Equipment (BCE), Ground Support Equipment (GSE) and Assembly Handling Support Equipment (AHSE) (e.g. shipping containers, fixtures, lift devices, etc), both hardware and software, for the Instrument.  Includes, for example: Instrument commanding equipment; instrument calibration stimulus.

	05.03.11
	Instrument 1 Calibration
	Includes equipment & test facilities needed to properly calibrate the instrument.  For smaller instruments, this element may be combined with STDWBS-05.08-Payload Integration and Test.

	05.03.12
	Instrument 1 Integration & Test
	Integrate and functional test the EM and Flight Instrument assemblies.  Perform environmental testing at the Instrument level.  Test and verify hardware and software interfaces.  Characterize Instrument performance.  This includes: Quality Assurance (QA); Product Assurance; Instrument Integration and Test (I&T) costs; Support to ATLO.

	05.04
	Instrument 2
	The complex of equipment, data, services, human resources and facilities required to develop an integrated instrument that meets the applicable science and spacecraft requirements.

	05.04.00
	Instrument 2 System Contract
	The contractual vehicle for procurement of a fully integrated and tested Instrument ready for integration into the Flight System.  Includes, for example: all associated Assembly and Handling Support Equipment (AHSE); GSE; Engineering Models (EMs); System Thermal Models (STMs); simulators; support to Flight System ATLO.  Excludes the CTM for the contract.

	05.05


	Instrument 3
	The complex of equipment, data, services, human resources and facilities required to develop an integrated instrument that meets the applicable science and spacecraft requirements.

	05.05.01
	Instrument 3

Management
	Provide leadership for and manage instrument development through Launch +30 days.  Function as the primary interface between the Instrument and Project Teams.  Also includes regular interaction with the PI and her/his team.

	05.05.02
	Instrument 3

System

Engineering
	Lead and perform overall Instrument design so that it meets its requirements and integrates successfully with the spacecraft.  Includes, for example: developing and maintaining Instrument performance specifications; reviewing and approving component / assembly specs; generating Instrument test plans and procedures; providing engineering support to ATLO; V&V and calibration in addition to qualification during thermal/vacuum testing.

	05.05.03
	Instrument 3 Electronics
	Design, build, and test the radar electronics, including: power electronics (supply/conditioning/distribution); digital electronics (command processor, flight software, A to D conversion, data compression, memory/data storage, and telemetry collection and packetization); RF electronics (up/down converters, power amplifiers, switches, diplexers, and local oscillators).  Excludes: RF feed and cabling which is under 05.05.05-Mechanical.

	05.05.04
	Instrument 3 Antenna
	Design, develop, fabricate/procure, assemble and test the radar instrument antenna.  Includes, for example: generation of antenna requirements/specifications; procurement; testing and performance characterization.

	05.05.05
	Instrument 3 Structures, Thermal,  Mechanisms
	Instrument mechanical/thermal requirements definition, design, fabrication, assembly, and mechanical/thermal interface definition.  Includes: thermal analysis; stress analysis; materials support; loads definition.  If required, includes: optical mirror/lens mounting hardware; instrument optical bench; instrument system thermal hardware; all mechanisms. Also included is box-to-box cabling external to Instrument 3, if not provided in 05.05.07.

	05.05.06
	Instrument 3 Calibration
	Includes equipment & test facilities needed to properly calibrate instrument performance.

	05.05.07
	Instrument 3 Packaging, Fabrication & Assembly
	Instrument electronics packaging. PWB procurement.  Board population, assembly, internal cabling, and checkout.  Includes fabrication process inspection and fabricated parts inspection (e.g., mechanical parts, circuit boards).

	05.05.08
	Instrument 3 BCE/GSE/AHSE
	Design, develop/fabricate/procure, assemble, and test the BCE, GSE and AHSE (e.g. shipping containers, fixtures, lift devices, etc) for both hardware and test software for  the Instrument.  Includes, for example: Instrument commanding equipment; instrument calibration stimulus.

	05.05.09
	Instrument 3 Integration & Test
	Integrate and functional test the Radar Instrument assemblies.  Perform environmental testing at Instrument level.  Test and verify hardware and software interfaces.  Characterize Instrument performance.  This includes: QA and Product Assurance Instrument I&T costs; support to ATLO as needed.

	05.06
	Technology Payload 1
	The complex of equipment, data, services, human resources and facilities required to develop an integrated system that meets the Payload requirements. 

	05.06.01
	Technology Payload 1 Management
	Provide leadership for and manage Payload development through Launch +30 days.  Function as the primary interface between the Payload and Project Teams.

	05.06.02
	Technology Payload 1 System Engineering
	Lead and perform overall Payload engineering so that it meets the appropriate science requirements and integrates with the Flight System.  Includes, for example: generating Payload test plans; reviewing and approving component / assembly specs; maintaining current Payload performance specifications.  Also includes engineering support to ATLO.

	05.06.03
	Technology Payload 1 Electronics Development
	Design, develop/fabricate/procure, assemble, and functional test the Payload electronic assemblies through hand-off to Payload I & T.  Includes for example: power conversion and distribution electronics cabling; Payload-to-Flight System adapter plates or other mounting hardware if delivered as part of the Payload.

	05.06.04
	Technology Payload 1 Sensor Development
	Design, develop/fabricate/procure, assemble, and functional test the Payload sensor(s) through hand-off to Payload I & T, including calibration.

	05.06.04
	Technology Payload 1 Software  Development
	Design, code, integrate and test the Payload software through delivery to the Flight System I & T.  Includes, for example: Payload fault protection; science data collection software; I/O drivers.

	05.06.05
	Technology Payload 1 Packaging, Fabrication & Assembly
	Provide the design, fabrication, and assembly of the enclosure and Technology Payload 1 electronics.  Includes, for example: the housing, fasteners, and brackets required to assemble the Technology Payload 1 into an integrated unit; fabrication process inspection; fabricated parts inspection (e.g., mechanical parts, circuit boards).

	05.06.06
	Technology Payload 1 BCE/GSE/AHSE
	Design, develop/fabricate/procure, assemble and test the BCE, AHSE (e.g. shipping containers, fixtures, lift devices, etc) and GSE (hardware and software) for the Payload.  Includes, for example: Payload commanding equipment and calibration stimulus.

	05.06.07
	Technology Payload 1 Integration & Test
	Integrate and functional test the EM and Flight Payload assemblies.  Perform environmental testing at Payload level.  Test and verify hardware and software interfaces.  Characterize Payload performance. 

	05.07
	Common Payload System Hardware
	Any payload hardware, that is not provided by a specific instrument/payload element, needed to mount or interconnect multiple instruments into a payload assembly, such as: a mechanical platform; payload blanketing; thermal louvers; other hardware required for an integrated payload.

	05.07.01
	Common Payload System Hardware
	Any payload  hardware, that is not provided by a specific instrument/payload element, needed to mount or interconnect multiple instruments into a payload assembly, such as: a mechanical platform; payload blanketing; thermal louvers; other hardware required for an integrated payload.

	05.8
	Payload Integration and Test
	For spacecraft with multiple instruments/payload elements, integrate all instruments into an assembled package prior to delivery to the spacecraft.

	05.08.01
	Payload Integration and Test
	For spacecraft with multiple instruments/payload elements, integrate all instruments into an assembled package prior to delivery to the spacecraft.  May include: support to Spacecraft Team during payload/instrument I&T.
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	Flight System
	The Flight System/Spacecraft that serves as a platform for carrying payload, instruments and other mission-oriented equipment in space to the mission destination(s) to achieve the mission objectives.  Includes a single Spacecraft with elements such as:  structure; power; attitude determination and control; avionics; other equipment characteristic of multiple-vehicle Flight Systems such as cruise stage, entry system, lander, rover.  Also includes all design, development, production, assembly, and test efforts to deliver the completed Flight System/Spacecraft for integration with the launch vehicle.

	06.00
	Spacecraft Contract
	The contractual vehicle for procurement of a fully integrated and tested Spacecraft through Launch + 30 days.  Includes, for example: all associated AHSE, GSE, EMs,STMs, and simulators; integration of Payloads; Payloads.   Excludes the CTM for the contract.

	06.00.01
	Spacecraft Contract
	The contractual vehicle for procurement of a fully integrated and tested Spacecraft through Launch + 30 days.  Includes, for example: all associated AHSE, GSE, EMs,STMs, and simulators; integration of Payloads; Payloads.   Excludes the CTM for the contract.

	06.00.02
	Spacecraft Contract Management
	Management of and support for the Spacecraft acquisition contract during the contracting life cycle, from Request For Proposal (RFP) development to contract closeout.  Includes: Project Office contract management; discipline technical oversight support to the Project Office; CTM.

	06.01
	Flight System Management
	Manage and provide leadership for Spacecraft development, and control schedule and cost (i.e. System Manager responsibilities).  Includes, for example: liaison with the Project Office to: define interfaces within the Flight System and to other Project Systems; define requirements, define and perform system-level Spacecraft tests; support design team meetings and Project reviews; lead Flight System design reviews.

	06.01.01
	Flight System Management Staff
	Manage and provide leadership for Spacecraft development, and control schedule and cost (i.e. System Management responsibilities).  Activities include liaison with the Project Office to: define interfaces between the Flight System and other Project Systems; define requirements, define system-level Spacecraft tests; support design team meetings and Project reviews; lead Flight System design reviews.  Personnel include: System Manager; Deputy System Manager (if any); Flight System CTM; administrative support.

	06.02
	Flight System System Engineering
	The technical and management effort that direct and control an integrated engineering effort for the Spacecraft.  Includes, for example: effort to define the system and the integrated planning and control of the technical program efforts of design engineering, specialty engineering, production engineering, and integrated test planning; effort to transform an operational need into a description of system requirements and a preferred system configuration; technical and control effort for planning, monitoring, measuring, evaluating, directing, and replanning the management of the technical program.  Excludes: actual design engineering and the production engineering directly related to the WBS element with which it is associated.

	06.02.01
	Flight System System Engineering Staff (at JPL)
	Lead the Spacecraft architecture and systems engineering effort.  Includes, for example: defining inter-subsystem interfaces; defining fault protection guidelines; interfaces; managing Flight System technical resources.  Provides for the Flight System Engineer and staff.  Documents may include: Flight System Configuration Description document; Master Equipment List (including Mass and Power Equipment Lists); System Schematics; System I&T Plan; System Verification Plan.

	06.02.02
	Flight System System Engineering Staff (Remote Site)
	Provide in-residence systems engineering support and staff to the subcontractor/ partner at the subcontractor's/partner's site.  Includes, for example: in-residence labor and travel expenses.  Excludes: itinerant system engineering support and travel.

	06.03
	Power Subsystem
	The human resources, equipment, data, services, and facilities required to develop, test and deliver an integrated Power Subsystem that meets Subsystem and Flight System requirements.  Includes: breadboards; brassboards; STMs; EMs; Proto-Flight Models (PFMs); spares.  Excludes: all direct effort associated with integrating the Subsystem into the Flight System.

	06.03.01
	Power Subsystem Management
	Manage and provide leadership for Subsystem development, and control schedule and cost (i.e. PEM responsibilities).  Includes liaison with the Project Office to: define interfaces between the Subsystem and the Flight System; define requirements; define and perform Subsystem-level Spacecraft tests; support design team meetings and Project reviews; lead Subsystem design reviews; attend selected component and assembly design reviews.  Personnel includes: PEM; Deputy PEM (if any); administrative support.  Documents include: Summary Work Agreement; materials for Monthly Management Reviews.

	06.03.02
	Power Subsystem Engineering & Analysis
	Lead and perform overall Subsystem design so that it meets Subsystem requirements and integrates with the Flight System.  Includes, for example: reviewing and approving component / assembly specs; maintaining current subsystem performance specifications. Excludes: subsystem engineering support to ATLO.  Documents include: a Work Agreement; Functional and Detailed Requirements; ICDs for mechanical, electrical, and information interfaces; RFPs; Purchase Orders; associated documentation, such as Nonstandard Parts Approval Requests, Design specification, Drawings, Assembly Instruction Data Sheets (AIDS); As-Built Parts Documentation, Test Plans and Test Procedures for Subsystem Functional and Performance Tests, the HRCR package prior to delivery to ATLO, and Test Reports from Functional Tests prior to ATLO.

	06.03.03
	Power Conversion & Regulation Electronics
	Design the electronics for the Power Subsystem into complete modules, such as for power control, regulation, and switching.  Also includes the design tool/Computer-Aided Engineering (CAE) tool costs for the electronics.  Regulation may include some or all of the power converters.  Includes, for example: the cost of electronic parts; power converters; filters; board layout and fabrication; packaging.  Excludes: labor for kitting, testing, and managing Purchase Orders (POs) for the electronic parts.

	06.03.04
	Power Source
	The test and flight solar cells, or other power source (such as nuclear), to provide power generation for the Flight System.  Includes, for example: solar cells for populating flight arrays, plus test panels (alternately, costs of procurement of nuclear or other power source); installing the cells onto the array substrate; CTM.  Excludes: design, fabrication and assembly of solar array substrates and the mechanisms for their deployment/articulation.

	06.03.05
	Battery
	Procure EM and Flight batteries for use in the various system testbeds and the flight system.  Includes, for example: characterization and storage of the batteries; CTM.

	06.03.06
	Pyro Drivers / Valve Driver Electronics
	Design, develop/fabricate/procure, assemble and test the driver electronics for pyrotechnics, including those needed for the propulsion, mechanical, and other subsystems.  Includes: Valve Driver Electronics (VDE).

	06.03.07
	Subsystem Packaging, Fabrication & Assembly
	Provide the design, fabrication, and assembly of the enclosure and power subsystem electronics.  Includes, for example: power conversion and distribution electronics cabling, fasteners, brackets, etc. required to assemble the power subsystem into an integrated unit; fabrication process inspection; fabricated parts inspection (e.g., mechanical parts, circuit boards).

	06.03.08
	Power Subsystem BCE/AHSE/ GSE
	Design, develop, fabricate/procure, assemble, and test the BCE, AHSE, and GSE (hardware and software) for the subsystem, including shipping containers, fixtures, lift devices, etc. 

	06.03.09
	Power Subsystem Integration and Test
	Integrate and functional test the EM and Flight subsystem with its GSE.  Perform environmental testing at subsystem level.  Test and verify hardware and software interfaces.  Characterize subsystem performance.  Excludes: development of the Subsystem flight software and its integration with the Subsystem hardware.

	06.04
	Command & Data Subsystem
	The human resources, equipment, data, services, and facilities required to develop, test, and deliver an integrated Command and Data Subsystem (CDS) that meets Subsystem and Flight System requirements.  Includes: breadboards; brassboards; STMs; EMs; PFMs; spares.  Excludes: all direct effort associated with integrating the Subsystem into the Flight System.  Refer to WBS Element 06.11 for flight software that performs command processing, sequencing, telemetry processing, and on-board data management. 

	06.04.01
	Command & Data Subsystem Management
	Manage and provide leadership for Subsystem development, and control schedule and cost ( i.e. PEM responsibilities).  Includes liaison with the Project Office to: define interfaces between the Subsystem and the Flight System; define requirements; define and perform Subsystem-level Spacecraft tests; support design team meetings and Project reviews; lead Subsystem design reviews; attend selected component and assembly design reviews.  Personnel includes: PEM; Deputy PEM (if any); administrative support.  Documents include: Summary Work Agreement; materials for Monthly Management Reviews.

	06.04.02
	Command & Data Subsystem Engineering
	Lead and perform overall Subsystem design so that it meets Subsystem and Flight System requirements and integrates with the Flight System.  Includes, for example: generating subsystem test plans; reviewing and approving component / assembly specs; maintaining current subsystem performance specifications; developing algorithms, models, and simulations.  Excludes: Subsystem engineering support to ATLO.  Documents include: a Work Agreement; Functional and Detailed Requirements; ICDs for mechanical, electrical, and information interfaces; RFPs, Purchase Orders (POs); associated documentation such as Nonstandard Parts Approval Requests, Design specifications, Drawings, AIDS, As-Built Parts Documentation, Test Plans and Test Procedures for Subsystem Functional and Performance Tests, HRCR package prior to delivery to ATLO, and Test Reports from Functional Tests prior to ATLO.

	06.04.03
	Flight Computer, Input/Output & Storage
	The master data processing unit(s) responsible for coordinating and directing the major avionic mission operations systems of the flight System.  Includes, for example: the processor; Random Access memory (RAM); Input/Output (I/O) peripheral; main data storage (solid-state recorder).

	06.04.04
	Flight Computer Operating System and Hardware Drivers
	The Spacecraft flight computer software operating system & device drivers.  Also provides low-level and functional drivers for some Command & Data hardware, consultation, patterns for others, benchmarking, and tracking of Central Processing Unit (CPU), RAM, and bus resources.  Excludes: any software development.

	06.04.05
	Command & Data Custom Electronics
	Design, develop, fabricate/procure, assemble, populate, and test custom boards for the Command & Data Subsystem.  Includes, for example: the cost of electronic parts; subcontracted board layout and fabrication; Operating System; functional drivers.  Excludes: labor for kitting, testing, and managing PO's for the electronic parts, which are included under EEE Parts Engineering.

	06.04.06
	Command and Data Subsystem Parts
	Parts costs for Command and Data Subsystem.

	06.04.07
	Command & Data Subsystem Packaging, Fabrication & Assembly
	Provide the enclosure for the Flight Computer, peripherals, and Command & Data custom electronics.  Includes, for example: intra-Command & Data electronics cabling, fasteners, and brackets (etc.) required to assemble Command & Data components into an integrated unit; fabrication process inspection; fabricated parts inspection (e.g., mechanical parts, circuit boards).

	06.04.08
	Command & Data Subsystem BCE/AHSE/ GSE
	Design, develop, fabricate/procure, assemble and test the BCE, AHSE, and GSE (hardware and software) for the subsystem.  Includes: shipping containers; fixtures; lift devices; etc. 

	06.04.09
	Command & Data Subsystem Integration and Test
	Integrate and functional test the EM and Flight Subsystem with its GSE.  Perform environmental testing at the Subsystem level.  Test and verify hardware and software interfaces.  Characterize Subsystem performance.  Excludes: development of the Subsystem flight software and its integration with the Subsystem hardware.

	06.05
	Telecom Subsystem
	The Human Resources, equipment, data, services, and facilities required to develop, test and deliver an integrated Telecom Subsystem that meets Subsystem and Flight System requirements.  Includes: breadboards; brassboards; STMs; EMs; PFMs; spares.  Excludes: all direct effort associated with integrating the Subsystem into the Flight System.

	06.05.01
	Telecom Subsystem Management
	Manage and provide leadership for Subsystem development, and control schedule and cost ( i.e. PEM responsibilities).  Includes liaison with the Project Office to: define interfaces between the Subsystem and the Flight System; define requirements; design and perform Subsystem-level Spacecraft tests; support design team meetings and Project reviews; lead Subsystem design reviews; attend selected component and assembly design reviews.  Personnel includes: PEM;  Deputy PEM (if any); administrative support.  Documents include: Summary Work Agreement; materials for Monthly Management Reviews.

	06.05.02
	Telecom Subsystem Engineering
	Lead and perform overall Subsystem design so that it meets Subsystem and Flight System requirements and integrates with the Flight System.  Includes, for example: generating Subsystem test plans; reviewing and approving component / assembly specs; maintaining current Subsystem performance specifications.   Excludes: Subsystem engineering support to ATLO.  Documents include: a Work Agreement; Functional and Detailed Requirements; ICDs for mechanical, electrical, and information interfaces; RFPs, POs; associated documentation such as Nonstandard Parts Approval Requests; Design specifications; Drawings; AIDS; As-Built Parts Documentation; Test plans and Test Procedures for Subsystem Functional and Performance Tests; HRCR package prior to delivery to ATLO; Test Reports from Functional Tests prior to ATLO.

	06.05.03
	Telecom Subsystem Analyses
	Perform Subsystem analyses needed to characterize expected performance for and assure compliance with Subsystem requirements.  Includes, for example: analyses labor; special computers and simulation software to perform the analyses.

	06.05.04
	Telecom Electronics
	Design, develop, fabricate/procure, assemble, populate, and test custom boards for the Telecom Subsystem.  Includes, for example: the cost of electronic parts; subcontracted board layout and fabrication.  Excludes: labor for kitting, testing, and managing PO's for the electronic parts, which are included under EEE Parts Engineering.

	06.05.05
	Radio Frequency Components
	Design, develop, fabricate/procure, assemble and test the Radio Frequency (RF) parts  for the Subsystem.  Includes, for example: generation of RF requirements, testing, and performance characterization; procurement of amplifiers and transponders, switches, diplexers, and local oscillators; CTM.  Excludes: RF feed and cabling that is under Mechanical WBS 06.10-Harness Subsystem.

	06.05.06
	Telecom Subsystem Antennas
	Design, develop, fabricate/procure, assemble and test the Antennas (e.g. High-Gain Antenna (HGA), Medium-Gain Antenna (MGA), Low-Gain Antenna (LGA), Ultra-High Frequency (UHF) antenna, patch antenna, etc.) for the Subsystem.  Includes, for example: generation of antenna requirements; testing and performance characterization; procurement; CTM.

	06.05.07
	Telecom Subsystem BCE/AHSE/ GSE
	Design, develop, fabricate/procure, assemble and test the BCE, AHSE, and GSE (hardware and software) for the Subsystem, including shipping containers, fixtures, lift devices, etc. 

	06.05.08
	Telecom Subsystem Integration and Test
	Integrate and functional test the EM and Flight Subsystem with its GSE.  Perform environmental testing at the Subsystem level.  Test and verify hardware and software interfaces.  Characterize Subsystem performance.  Excludes: development of the Subsystem flight software and its integration with Subsystem hardware.

	06.06
	Mechanical Subsystem
	The human resources, equipment, data, services, and facilities required to develop, test and deliver an integrated Mechanical Subsystem that meets Subsystem and Flight System requirements.  Includes: breadboards; brassboards; STMs; EMs; PFMs; spares.  Excludes: all direct effort associated with integrating the Subsystem into the Flight System.

	06.06.01
	Mechanical Subsystem Management
	Manage and provide leadership for Subsystem development, and control schedule and cost ( i.e. PEM responsibilities).  Includes liaison with the Project Office to: define interfaces between the Subsystem and the Flight System; define requirements; design and perform Subsystem-level Spacecraft tests; support design team meetings and Project reviews; lead Subsystem design reviews; attend selected component and assembly design reviews.  Personnel includes: PEM; Deputy PEM (if any); administrative support.  Documents include: Summary Work Agreement; materials for Monthly Management Reviews.

	06.06.02
	Mechanical Subsystem Engineering
	Lead and perform overall Subsystem design so that it meets Subsystem and Flight System requirements and integrates with the Spacecraft.  Includes, for example: generating Subsystem test plans; reviewing and approving component / assembly specifications; maintaining current Subsystem performance specifications.   Excludes: Subsystem engineering support to ATLO.  Documents include: a Work Agreement; Functional and Detailed Requirements; ICDs for mechanical, electrical, and information interfaces; RFPs; POs; associated documentation such as Nonstandard Parts Approval Requests; Design specification; Drawings; AIDS; As-Built Parts Documentation; Test plans and Test Procedures for Subsystem Functional and Performance Tests; HRCR package prior to delivery to ATLO; Test Reports from Functional Tests prior to ATLO.

	06.06.03
	Loads / Dynamics Analyses
	Generate high frequency launch vehicle environments, including acoustic, pyroshock, and random.  Perform Spacecraft-level structural analyses, generate requirements and system validation plans.  Perform selected subsystem structural analyses & integrate into Spacecraft thermal analyses with other detailed models from the Spacecraft, Payloads etc.

	06.06.04
	Configuration / Mass Properties
	Provide the Flight System-level configuration and mass properties.

	06.06.05
	Structural Hardware
	Provide the primary structure and other structural elements to the Spacecraft.  Includes, for example:  the structural platform(s) to which Subsystems, Instruments, and Payloads are attached; booms and pedestals other than those delivered with Instruments/Payloads; solar panel substrates; system-level assembly fasteners.  Provide the structural analysis, contamination, and materials and processes efforts for all deliverable hardware, excepting any item that contains its own such efforts (such as a contracted major item: high gain antenna, solar panel substrate, launch vehicle adaptor, etc.).



	06.06.06
	Mechanisms
	Provide for mechanical articulation of the Mechanical Subsystem and other hardware elements.  Includes, for example: Solar Array hinges; High Gain Antenna gimbal; deployment mechanisms.

	06.06.07
	Mechanical Subsystem BCE/AHSE/ GSE
	Design, develop, fabricate/procure, assemble, and test the BCE, AHSE and GSE for the Subsystem including shipping containers, fixtures, lift devices, etc. 

	06.06.08
	Mechanical Subsystem Integration and Test
	Integrate and functional test the EM and Flight Subsystem with its GSE.  Perform environmental testing at the Subsystem level.  Test and verify hardware and software interfaces.  Characterize Subsystem performance.  Excludes: development of the Subsystem flight software and its integration with the Subsystem hardware.

	06.07


	Thermal Subsystem
	The resources required to effect a validated system thermal design, and to develop, produce, test and deliver an integrated subsystem that meets its requirements.  Includes: breadboards; brassboards; STMs; EMs; PFMs; spares.  Excludes: all direct effort associated with integrating the Subsystem into the Flight System.  

	06.07.01
	Thermal Subsystem Management
	Manage and provide leadership for Subsystem development, and control schedule and cost ( i.e. PEM responsibilities).  Includes liaison with the Project Office to: define interfaces between the Subsystem and the Spacecraft; define requirements; design and perform Subsystem-level Spacecraft tests; support design team meetings and Project reviews; lead Subsystem design reviews; attend selected component and assembly design reviews.  Personnel includes: PEM; Deputy PEM (if any); administrative support.  Documents include: Summary Work Agreement; materials for Monthly Management Reviews.

	06.07.02
	Thermal Subsystem Engineering
	Lead and perform overall Subsystem design so that it meets Subsystem and Flight System requirements and integrates with the Flight System.  Includes, for example: generate subsystem requirements, generate subsystem test plans, review and approve component / assembly specifications; maintain current subsystem performance specifications.  Excludes: Subsystem engineering support to ATLO.  Documents include: a Work Agreement; Functional and Detailed requirements; ICDs for mechanical, electrical, and information interfaces; RFPs; POs; associated documentation such as Nonstandard Parts Approval Requests, Design specification, Drawings, AIDS; As-Built Parts Documentation; Test plans and Test Procedures for Subsystem Functional and Performance Tests; HRCR package prior to delivery to ATLO; Test Reports from Functional Tests prior to ATLO.

	06.07.03
	Thermal Analyses & Design
	Participate in early mission design and Spacecraft configuration studies.  Perform Spacecraft-level thermal analysis.  Determine Thermal Control Subsystem design of flight and test elements (hardware/software) required to meet the Spacecraft requirements.  Generate thermal interface definitions and requirements for the launch vehicle, payload/instruments, and other subsystems as required.  Define thermal features for subsystem hardware elements, for example thermal blanket attachments, surface coatings, heaters, transducers, etc.  Support system trade studies, including power, mass spacecraft orientation and configuration.  Support system-level risk assessment efforts.  Develop Thermal Subsystem validation plans.  Perform selected Subsystem thermal analyses and integrate them into the spacecraft thermal analyses and other detailed models from the Spacecraft, Payloads, etc.

	06.07.04
	Thermal Control Hardware
	Design, develop/fabricate/procure, assemble and test the Thermal Subsystem hardware and specify any necessary software requirements related to its functionality.  Thermal hardware includes flight and test hardware, examples of which are the following: flight temperature sensors, thermostats, Multi-Layer Insulation (MLI), heat pipes, fluid loops, and radiators.  Also includes thermal control technology development.

	06.07.05
	Thermal Subsystem Integration & Test BCE/ AHSE/GSE
	Design, develop, fabricate/procure, assemble and test the BCE, AHSE, and GSE (hardware and software) for the Subsystem.  Integrate and functional test the EM and Flight Subsystem with its GSE.  Perform environmental testing at the Subsystem level.  Test and verify hardware and software interfaces.  Characterize Subsystem performance.  Includes BCE/GSE, and shipping containers.  Excludes: development of the Subsystem flight software and its integration with Subsystem hardware.

	06.07.06
	System Level Thermal Design Validation
	Develop Thermal system-level validation test plans for the thermal design.  Specify test instrumentation for the system-level test.  Provide 24/7 staffing in support of the system thermal test.  Correlate the system analytical model with test results. Participate in reviews of test results and model correlation.  Prepare one or more reports that include, as a minimum, test results, model correlation results, and conclusions regarding thermal design validation.

	06.08
	Propulsion Subsystem
	The human resources, equipment, data, services, and facilities required to develop, test and deliver an integrated Propulsion (prop) Subsystem that meets Subsystem and Flight System requirements.  Includes: breadboards; brassboards; STMs; EMs; PFMs; spares.  Excludes: all direct effort associated with integrating the Subsystem into the Flight System.

	06.08.01
	Prop Subsystem Management
	Manage and provide leadership for Subsystem development, and control schedule and cost (i.e. PEM / Cognizant Engineer (COG-E) responsibilities).  Includes liaison with the Project Office to: define interfaces between the Subsystem and the Flight System; define requirements; design and perform Subsystem-level Spacecraft tests; support design team meetings and Project reviews; lead Subsystem design reviews; attend selected component and assembly design reviews.  Personnel includes: PEM; Deputy PEM (if any); administrative support.  Documents Include: Summary Work Agreement; materials for Monthly Management Reviews.

	06.08.02
	Prop Subsystem Engineering & Analysis
	Lead and perform overall Subsystem design and analysis so that the it meets Subsystem and Flight System requirements, and integrates with the Flight System. Includes, for example: generating Subsystem test plans; reviewing and approving component / assembly specifications; slosh analysis; plume impingement analysis; maintaining current Subsystem performance specifications.  Excludes Subsystem engineering support to ATLO.  Documents include: a Work Agreement; Functional and Detailed Requirements; ICDs for mechanical, electrical, and information interfaces; RFPs; POs; associated documentation such as Nonstandard Parts Approval Requests; Design specification; Drawings; AIDS; As-Built Parts Documentation; Test plans and Test Procedures for Subsystem Functional and Performance Tests; HRCR package prior to delivery to ATLO; Test Reports from Functional Tests prior to ATLO.

	06.08.03
	Prop Subsystem Components
	Develop procurement specifications and Statement of Work (SOW) for procurement of propellant tanks, valves, regulators, tubing supports, fasteners, fittings, brackets, flex lines, rocket engines, thrusters, and other equipment required to transport the propellant to the rocket engines or maintain spacecraft attitude control.  Includes, for example: monitoring and managing technical, cost, and schedule performance of selected subcontractors (I.e. CTM).  Excludes: Valve Driver and Pyro Driver Electronics for the Prop Subsystem that are included in 06.03.06--Pyro Drivers / VDE.

	06.08.04
	Prop Subsystem BCE/AHSE/ GSE
	Design, develop, fabricate/procure, assemble, and test the BCE, AHSE, and GSE (hardware and software) for the Subsystem.  Includes: electronic test boxes; shipping containers; fixtures; lift devices; etc. 

	06.08.05
	Science Instrument Purge Subsystem
	Design, develop/fabricate/procure, assemble, and test the science purge subsystem (if any).  Includes, for example: pressurant tanks; valves; plumbing to the science instruments; balloon filling; instrument purge gases, etc.

	06.08.06
	Prop Subsystem Integration and Test
	Integrate and functional test the EM and Flight Subsystem with its GSE.  Perform environmental testing at the Subsystem level.  Test and verify hardware and software interfaces.  Characterize Subsystem performance.  Excludes development of the Subsystem flight software and its integration with Subsystem hardware.

	06.08.07
	Prop Subsystem Propellant Loading
	Provide all tasks for planning, procedures, loading carts, support, and actual implementation of the Flight System propellant and pressurant loading during ATLO.  Includes, for example: engineering support for propellant and pressurant loading during ATLO; loading; cart testing and checkout; cost of the propellant and pressurant.

	06.09
	GN&C Subsystem
	The human resources, equipment, data, services, and facilities required to develop, produce, test and deliver an integrated Guidance, Navigation, and Control (GN&C) Subsystem that meets Subsystem and Flight System requirements.  Includes; breadboards; brassboards; STMs; EMs; PFMs; spares.  Excludes: all direct effort associated with integrating the Subsystem into the Flight System.

	06.09.01
	GN&C Subsystem Management
	Manage and provide leadership for Subsystem development, and control schedule and cost ( i.e. PEM responsibilities).  Includes liaison with the Project Office to: define the interfaces between the Subsystem and the Flight System; define requirements; design and perform Subsystem-level Spacecraft tests; support design team meetings and Project reviews; lead Subsystem design reviews; attend selected component and assembly design reviews.  Personnel includes: PEM; Deputy PEM (if any); administrative support.  Documents include: Summary Work Agreement; materials for monthly Management Reviews.

	06.09.02
	GN&C Subsystem Engineering
	Lead and perform overall Subsystem design so that it meets Subsystem and Flight System requirements, and integrates with the Flight System.  Includes, for example: generating Subsystem test plans; reviewing and approving component / assembly specifications; maintaining current Subsystem performance specifications.   Excludes: Subsystem engineering support to ATLO.  Documents include: a Work Agreement; Functional and Detailed Requirements; ICDs for mechanical, electrical, and information interfaces; RFPs; POs; associated documentation such as Nonstandard Parts Approval Requests; Design specifications; Drawings; AIDS; As-Built Parts Documentation; Test Plans and Test Procedures for Subsystem Functional and Performance Tests; HRCR package prior to delivery to ATLO; Test Reports from Functional Tests prior to ATLO.

	06.09.03
	GN&C Subsystem Analysis and Design
	Provide Subsystem engineering support for analysis and design of attitude determination and control algorithms, and guidance and navigation algorithms.  Includes: development of computer-based models and simulations for Subsystem-level stability and performance analysis.  Provide analysis support for review of Subsystem-level tests of GN&C algorithms and system level tests of GN&C flight software.  Does not include effort for flight software development.

	06.09.04
	GN&C Attitude Control Sensors
	Provide integrated Attitude Control sensors for the GN&C Subsystem.  Includes, for example: Star Camera; Inertial Measurement Unit (IMU); Sun Sensors; CTM costs associated with their procurement.

	06.09.05
	GN&C Subsystem Navigation Sensors
	Provide integrated navigation sensors for the GN&C subsystem.  Includes, for example: optical navigation cameras; altimeters (radar and laser, including scanning Laser Interferometer Distance And Ranging (LIDAR); Global Positioning System (GPS) receivers; CTM costs associated with their procurement.

	06.09.06
	GN&C Subsystem Attitude Control Actuators
	Provide actuators to the GN&C Subsystem, including: reaction/momentum wheels; Control-Moment Gyroscopes (CMGs); magnetic torque rods.  Includes, for example: procurement; CTM costs.  Excludes: drive motors and drive motor electronics for gimbal mechanisms, which are included in Mechanisms 06.06.06; propulsion drive electronics, which are included in Power Electronics 06.03.03.

	06.09.07
	GN&C S/s Custom Electronics
	Design, develop, fabricate/procure, assemble, populate, and test custom boards for the GN&C Subsystem.  Includes, for example: the cost of electronic parts; subcontracted board layout and fabrication.  Excludes: labor for kitting, testing, and managing PO's for the electronic parts, which is included under EEE Parts Engineering.

	06.09.08
	GN&C Subsystem Packaging, Fabrication & Assembly
	Design, fabricate, and assemble the GN&C Subsystem electronics into an integrated unit.  Includes: fabrication process inspection; fabricated parts inspection (e.g., mechanical package parts, circuit boards).

	06.09.09
	GN&C Subsystem BCE/AHSE/ GSE
	Design, develop, fabricate/procure, assemble, and test the BCE, AHSE, and GSE (hardware and software) for the Subsystem including shipping containers, fixtures, lift devices, etc. 

	06.09.10
	GN&C Subsystem Integration & Test
	Integrate and functional test the EM and Flight subsystem with its GSE.  Perform environmental testing at the Subsystem level.  Test and verify hardware and software interfaces.  Characterize Subsystem performance.  Excludes: development of Subsystem flight software and its integration with Subsystem hardware.

	06.10
	Harness Subsystem
	Design, develop/fabricate/procure, assemble and test the primary cabling that interconnects all Flight System Subsystems.

	06.10.01
	Harness Management
	Manage and provide leadership for Subsystem development, and control schedule and cost (I.e., PEM responsibilities).  Includes liaison with other Subsystem PEMs to: define the interfaces between the Harness Subsystem and other Subsystems; define requirements; support design team meetings and Project reviews; lead Subsystem design reviews; attend selected component and assembly design reviews.  Personnel includes PEM; Deputy PEM (if any); administrative support.

	06.10.02
	Harness Subsystem Engineering
	Lead and perform overall Subsystem design so that it meets Subsystem and Flight System requirements, and integrates with the Flight System and other Subsystems.  Includes, for example: generating Subsystem test plans; reviewing and approving part / assembly specifications; maintaining Subsystem specifications.  Excludes: Subsystem engineering support to ATLO.  Documents include: Work Agreement; Functional and Detailed Requirements; ICDs for mechanical and electrical; RFPs; POs; associated documentation such as Nonstandard Parts Approval Requests; Design specification; Drawings; AIDS; As-Built Parts Documentation; Test plans and Test Procedures for Functional and Performance Tests; HRCR package prior to delivery to ATLO; Test Reports from Functional Tests prior to ATLO.

	06.10.03
	Harness Design
	Provide Subsystem engineering support for design of the Spacecraft Harness.  Includes: development of computer-based models for routing; cable-length determination; performance analysis; analysis support for review of Subsystem-level tests of harness and harness components.  Excludes: integration and test activities.

	06.10.04
	Harness Parts
	Parts costs for the Spacecraft Harness.  Includes: flight connectors; wire; backshells; brackets; special hardware.

	06.10.05
	Harness Fabrication & Assembly
	Fabricate and assemble the Spacecraft Harness Subsystem.  Includes: fabrication process inspection; fabricated parts inspection (e.g., mechanical parts, circuit boards); assembly and test fixtures.

	06.10.06
	Harness Integration and Test
	Integrate and functional test the Spacecraft Harness, including: functional and environmental testing of the harness; verify harness performance.

	06.11
	Spacecraft Flight Software
	The human resources, equipment, data, services, and facilities required to develop, produce, test and deliver the Flight Software System to meet Software System and Flight System requirements.  The Flight Software System includes: operating system; health monitoring system; command and control system; telemetry system; data storage and handling system; software required to interface, command, and control Instruments and Payloads; software for the various Subsystems of the Flight System.  Excludes: Science investigative and other software delivered with the Instruments/ Payloads.  Documents include: Summary Work Agreement; materials for Monthly Management Reviews.

	06.11.01
	Flight Software Management
	Manage and provide leadership for Subsystem development, and control schedule and cost ( i.e. PEM responsibilities).  Includes liaison with the Project Office to: define interfaces between the Subsystem and the Flight System; define requirements; design and perform Subsystem-level Spacecraft tests; support design team meetings and Project reviews; lead Subsystem design reviews; attend selected component and assembly design reviews.  Personnel includes PEM; Deputy PEM (if any); administrative support.

	06.11.02
	Flight Software System Engineering
	Lead and perform overall software design so it meets Software System and Flight System requirements, and integrates with Flight System hardware and Instrument/Payload hardware and software.  Includes, for example: generating requirements; reviewing and approving functional designs; maintaining current Subsystem performance specifications; generating test plans; reviewing Change Requests; maintaining software CM.  Excludes: Subsystem engineering support to ATLO.  Products include: Work Agreement; Functional and Detailed Requirements; Software ICDs; associated documentation such as Software Specifications, Test Plans and Test Procedures for Software Functional and Performance Tests, SRCR package prior to delivery to ATLO, and Test Reports from Functional Tests prior to ATLO.

	06.11.03
	Command, Telemetry, & Data Management Flight Software
	Design, code, and test of Flight Software (FSW) for Spacecraft commanding and telemetry acquisition & packetization.  Includes, for example: software for telemetry; command and data handling; interprocess communications. 

	06.11.04
	Sequencing FSW
	Design, code, test, and maintain the FSW that: executes uplinked command sequences based on absolute or relative time; or on the occurrence of events detected onboard; or implements autonomous control in which the plans and command sequences are generated on-board in response to high-level goals.

	06.11.05
	Engineering Applications FSW
	Design, code, and test FSW for the Flight System engineering Subsystem applications, including any software required to operate the Spacecraft Power, Telecommunications, Mechanical, Thermal, and Propulsion Subsystems.  Includes Subsystem-level fault protection.

	06.11.06
	Guidance, Navigation, and Control FSW
	Design, code, and test of FSW for the GN&C Subsystem.  Includes, for example: Subsystem-level fault protection; flight code for GN&C Attitude Control algorithms and guidance and navigation during terminal descent; building device drivers.

	06.11.07
	Payload Accommoda-

tion Flight Software
	Design, code, and test FSW to accommodate Instruments and Payloads at the Flight System software interface.  Includes, for example: basic command and control signals to the Instrument /Payload software; timing signals; data receipt and storage.  Excludes: software internal to the Instrument/Payload for its operations, health and scientific data gathering.

	06.11.08
	System - Fault Protection FSW
	Design, code, and test the system fault protection software.  Support integration of subsystem fault protection algorithms.

	06.11.09
	Flt SW Development Testbed
	Provide the testbeds for the FSW development environment, construction, and operations.  Includes, for example:  internal CM; tracking; process support; procurement of Commercial Off-The Shelf (COTS) software; associated development/operations workforce.

	06.11.10
	Flt SW - Integration and Test
	Integrate and functional test the FSW as a complete entity.   Includes, for example: testing and verifying OS to Flight Software;  module-to-module and FSW-to-Instrument/Payload software interfaces; characterizing Flight Software performance.  Excludes: development of Instrument/Payload and Subsystem FSW and its integration with the Instrument/Payload and Subsystem hardware.

	06.12
	Flight System Testbeds
	The human resources, equipment, data, services, and facilities required to develop, produce, test and deliver an integrated Flight System Testbed to meet the System Test/V&V requirements.  Includes, for example: simulation hardware and software producing a flight-like environment within which flight hardware and software may be integrated and tested; interconnectivity to Mission Operations System elements for command/control checkout.

	06.12.01
	Testbeds Management
	Manage and provide leadership for Flight System Testbed development, and control schedule and cost ( i.e. PEM responsibilities).  Includes: liaison with the Flight System Team to; support Project reviews; lead Test Bed design reviews; attend selected component and assembly design reviews.  Personnel includes: PEM; administrative support.  Documents include: Summary Work Agreement; Materials for Monthly Management Reviews.

	06.12.02
	Testbeds Engineering
	Lead and perform overall Flight System Testbeds design so that it meets Testbeds requirements and supports Flight System development and test.  Define the interfaces between the Test Bed, Flight System, Instruments/ Payloads, and Mission Operations System.  Define requirements, and design and perform Test Bed tests.   Includes, for example: generating Testbed test plans, reviewing and approving component/assembly specifications; maintaining current Testbed performance specifications.  Document products include: Work Agreement; Design Specifications; Drawings; test procedures for Testbed and Subsystem functional and performance tests; Test reports.

	06.12.03
	Testbeds Hardware
	Design, develop/fabricate/procure, assemble and functional test the Flight System Testbed hardware assemblies.  Includes, for example: computers; test hardware and racks; cabling.

	06.12.04
	Testbeds Software
	Design, code, integrate and test the Flight System Testbed software.  Includes, for example: software simulators for various Subsystems and Instruments/Payloads; command and control connectivity; test stimulation, error and fault protection scripts.

	06.12.05
	Testbeds Integration & Test
	Integrate and functional test the Flight System Testbed hardware and software.  Includes, for example: technical and electrical assembly; software installation and checkout; end-to-end testing.  In Phase E this function is transferred to 07.04.03, Spacecraft Team.

	06.12.06
	Testbeds Operations
	Provide operations and engineering support, technical labor, and maintenance hardware and software for Flight system Testbeds.

	06.13
	Flight System ATLO
	The human resources, equipment, data, services, and facilities required to assemble, integrate, test, and deliver to the launch site the Flight System, Instruments, and Payloads that meet Flight System requirements.  Includes, for example: mechanical and electrical assembly; functional testing; performance testing and environmental testing; transportation/ logistics; launch site support.

	06.13.01
	ATLO Management
	Lead and manage the Project ATLO through Launch + 30 days.  Personnel includes:  ATLO Manager; Deputy ATLO Manager (if needed).

	06.13.02
	ATLO System Engineering
	Lead and perform overall ATLO System Engineering to meet Project requirements.  Includes, for example: generating integration & test storyboard; reviewing test configurations, plans, and procedures; reviewing facility requirements; interface to Mission Operations technical personnel.  Documents include: Work Agreement; Functional and Detailed Requirements; ICDs for mechanical, electrical, and information interfaces; Equipment POs; associated documentation such as ATLO specifications, Drawings, Test Plans, and Test Procedures for System Functional and Performance Tests, and Test Reports from Functional Tests during ATLO.  Excludes Subsystem engineering support to ATLO

	06.13.03
	System Test Facilities 
	Provide for modification and maintenance of System Test Facilities for the duration of use by the Project.  Includes, for example; labor, services, and equipment unique to Project requirements.

	06.13.04
	Flight System Environmental Testing
	Environmental Testing of the fully integrated Flight System.  Includes for example: costs of EMC/EMI, acoustic, vibration and thermal-vac facilities and labor directly associated with the function and operation of those facilities.  Excludes: I&T engineering and technical support labor.

	06.13.05
	Subsystem Engineering Support
	Provide Subsystem engineering support to ATLO after each Flight Subsystem is delivered to ATLO.  Includes, for example: technical representatives and discipline experts from each delivered Flight Subsystem as needed to support environmental tests, data analysis, design trouble-shooting, modifications, and ATLO activities.

	06.13.06
	Flight System Integration and Test
	Mechanical integration and functional test of the Subsystems of the Flight System without Instruments and/or Payloads, excluding Environmental Test costs.  Includes: Labor; test chief; technicians.

	06.13.07
	Instruments/ Payload Integration and Test
	Mechanical integration and functional test of the Instruments and/or Payloads onto the Flight System, excluding Environmental Test costs.  Includes: Labor; test chief; technicians.

	06.13.08
	System AHSE/GSE
	Provide shipping containers, support fixtures, lift fixtures, and all system-level cabling, GSE, and AHSE.  Includes, for example: equipment necessary for System I&T that is not delivered with Subsystems, Instruments and Payloads.  (Note: Substantial contributions of ATLO Electrical Ground Support Equipment (EGSE) from the Subsystems and GDS are costed elsewhere.)  Note: This is a coordinated activity.

	06.13.09
	Logistics/Transportation
	Provide labor and transportation for shipment of the Flight System to its launch site.  Includes, for example: travel costs for personnel during shipment; expenses for common carrier or other transportation means.

	06.13.10
	Launch Site/Opera-

tions Support
	Provide labor and travel associated with on-site support of post-ship checkout, any Launch Vehicle interface compatibility tests, and integration of the Flight System with the Launch System.  Includes: time period from arrival of the Flight System at the Launch site to Launch + 30 days.
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	Mission Operations System
	The human resources, equipment, services, and facilities required for controlling and operating the Spacecraft/Flight System, Instruments, Payloads, and other mission-oriented equipment in space.  Includes: ground hardware; computers and software; flight software (post launch); tracking stations; ground communications equipment and networks; data storage and processing; command processing; personnel; procedures.   Mission Operations System (MOS) development costs include Launch +30 days of flight operations.  The same WBS structure is used for Phase E, and inactive Elements are deleted.  However, different accounts must be used for Phase E due to NASA cost reporting requirements.

	07.01
	Mission Operations System Management
	Manage and provide leadership, schedule, and cost control for the development and operation of the Mission Operations System throughout the Project life cycle.  Includes: liaison with the Project Office to define the interfaces between the MOS and other Project Systems are defined; define MOS requirements; design and perform MOS tests; support design team meetings and Project reviews, lead MOS design reviews.

	07.01.01
	Mission Operations System Management Staff
	Manage and provide leadership and schedule and cost control for the development and operation of the MOS throughout the Project life cycle.  Includes: liaison with the Project Office to define the interfaces between the MOS and other Project Systems; define MOS requirements; design and perform MOS tests; support design team meetings and Project reviews; lead MOS design reviews. Personnel includes: System Manager; Deputy System Manager (if any); administrative support.  Alternate management positions include; Mission Director; Flight Director.  Documents include: Mission Operations Plan; Flight System Operations Handbook; Flight rules.

	07.02
	Mission Operations System System Engineering
	The integrated System Engineering effort for the MOS and GDS.  Includes: definition and documentation of system requirements, architecture, design, and V&V requirements; monitoring Data System and Operations implementation; specialty engineering as may be identified; support technical efforts performed in planning, monitoring, measuring, evaluating, directing, and replanning the Project's technical program.  Excludes actual design engineering and the production engineering directly related to the WBS Element with which it is associated. Products include: Operations Concept; Level-2 and 3 MOS, GDS, and V&V requirements; Operational Interface Agreements; Flight Operations Plan; review of and contribution to other Project documents including MOUs, Project Service Level Agreement (PSLA), ICDs, data archive, security, and software and configuration management.  May include the MOS CM and MOS Security Plans if they are not included within WBS 02.06 or provided by the Project.

	07.02.01
	Engineering Staff
	Apply MOS technical resources in the MOS design team to develop and verify the system requirements, develop the design, configuration management, security, and validate the MOS.  Provides for the MOS, Uplink and Downlink system engineers and other staff as may be determined necessary.  May include a MOS CM engineer if not included within Configuration Management WBS 2.06.  Roles include: manage/lead MOS development and control schedule and cost; maintain liaison with other Project elements to ensure the interfaces between them and the MOS are fully defined; define and document requirements and obtain approval; perform test, training, and validation according to the requirements; support design team meetings and Project reviews; lead MOS design reviews.  During Operations (Phase E) the Mission Engineer becomes a member of this staff and provides mission design services during mission operations.

	07.03
	Ground Data System
	The complex of equipment, hardware, software, and facilities required to assemble, integrate, test, and operate the GDS.  Includes the computers, communications, operating systems, and networking equipment needed to interconnect and host the MOS Software.  May include: spacecraft and instrument testbeds post-launch; flight software development equipment or interface to such capability if provided by corresponding spacecraft or instrument areas.

	07.03.01
	Ground Data System Management
	The technical and management efforts to direct and control the GDS.  Includes: support of systems engineering efforts that define and document the GDS requirements, architecture, design, and integration and test requirements; oversight of GDS implementation; specialty engineering as may be identified; the technical oversight  and control effort for planning, monitoring, measuring, evaluating, directing, and replanning the technical program as necessary.  Excludes: actual design engineering.  Products include: Software Interface Specifications; Test Plans; User Manuals; review of and contribution to other Project documents including MOUs, PSLA, ICDs, security, software,  and configuration management.

	07.03.02
	Ground Data System System Engineering
	Develop and implement the GDS architecture and system engineering effort.  Apply GDS technical resources to develop and verify the system requirements, develop the design, configuration management, security, and validate the GDS.  Provides for the GDS system engineers and other staff as may be determined necessary.  May include a GDS software engineer if not included within Project S/W Engineering WBS 02.04.  Roles include: manage/lead GDS development, and control schedule and cost; maintain liaison with the MOS and other Project elements to ensure the interfaces between them and the GDS are fully fined; define and document requirements, and obtain approval; perform test and validation according to the requirements; support design team meetings and Project reviews; lead GDS design reviews.

	07.03.03
	Tracking, Telemetry, Command, & Monitoring Subsystem
	The ground complex of hardware and software used to track the spacecraft, receive and process telemetry from the spacecraft, format and send commands to the spacecraft, and report the status and metrics of the tracking stations and ground network.  Includes subsystem management and engineering.

	07.03.04
	Spacecraft Analysis Subsystem
	The ground complex of hardware and software used to analyze spacecraft health and status and plan spacecraft activity.  Includes subsystem management and engineering.

	07.03.05
	Instrument Analysis Subsystem
	The ground complex of hardware and software used to analyze instrument health and activity.  Includes subsystem management and engineering.

	07.03.06
	Navigation Subsystem
	The ground complex of hardware and software used to analyze a spacecraft trajectory and position and plan maneuver activity.  Includes subsystem management and engineering.

	07.03.07
	Science Planning Subsystem
	The ground complex of hardware and software used to plan science instrument activity.  Includes subsystem management and engineering.

	07.03.08
	Mission Planning Subsystem
	The ground complex of hardware and software used to plan the mission activity.  Includes subsystem management and engineering.

	07.03.09
	Sequencing Subsystem
	The ground complex of hardware and software used to develop and integrate sequences of spacecraft and instrument commands. Includes subsystem management and engineering.

	07.03.10
	Simulation Subsystem
	The ground complex of hardware and software used to simulate ground and spacecraft events for purposes of testing ground hardware, software, and training operations personnel.  May include flight software simulators / test beds.  Includes subsystem management and engineering.

	07.03.11
	Data Management & Archive System
	The ground complex of hardware and software used to process, configuration manage, and transfer Project data to an archive facility.  Includes: computers; operating and application software; science and telemetry data capture, conditioning and processing software; network hardware and software systems; telecommunications links; data distribution hardware and software systems; data mass storage systems; data storage facilities.  Includes subsystem management and engineering.

	07.03.12
	Radio Science Subsystem
	The ground complex of hardware and software used to process and support the analysis of radio science data.  Includes subsystem management and engineering.

	07.03.13
	Science Analysis Subsystem
	The ground complex of hardware and software used to process and support the analysis of science data.  Includes subsystem management and system engineering.

	07.03.14
	Ground Network Infrastructure
	Engineer and maintain the communication and interconnect equipment to link the various elements of the GDS. Design, implement, procure, and maintain all required hardware and software.  May include replenishment of equipment required to support the mission throughout the Project life cycle.

	07.03.15
	Mission Support Area
	Provides the facility(s) to house operations personnel during the Mission.  Includes: local and remote facilities; all required space, equipment, and furnishings.

	07.03.16
	System Administration
	Provides administration, configuration, and control of the ground computers and software.  Provides the GDS System Administrator(s).

	07.03.17
	Integration & Test
	Provides integration and testing of the GDS.  Tasks include: preparation of GDS I&T Plan; coordinate and conduct GDS system-level tests; produce test reports; support training of test personnel in GDS tool usage.  Provides a  GDS Test Engineer.  

	07.03.18
	Ground Data System Deployment
	Deploys the complex of human resources, services, and facilities required to assemble, integrate, and test the ground system and Spacecraft according to the Mission plan.

	07.04
	Operations
	The complex of human resources, services, and facilities required to assemble, integrate, train, and test personnel to operate the ground system and Spacecraft according to the Mission plan.

	07.04.01
	Ground Station Tracking
	Provides ground station tracking time and costs.  For example, for Discovery missions determine the DSN (or equivalent) costs for tracking support throughout the mission.

	07.04.02
	Mission Control Team
	Provides personnel to monitor and control the Spacecraft. Tasks may include: sending commands; monitoring spacecraft and instrument health; implementing contingency actions in response to detected anomalies; scheduling tracking station support.  Development tasks include: develop team level-4 requirements, design operating procedures; support development of the Flight Operations Plan; develop contingency plans.  Depending on the mission, this Element may also include a DSN Scheduling Team and/or a Mission Control Team.

	07.04.03
	Spacecraft Team
	Provides personnel to analyze spacecraft health and performance, and plan future spacecraft activities.  Tasks may include: thermal analysis and prediction; telecom analysis; flight software maintenance; consumable management; operation of flight test beds.  Development tasks include: develop team level-4 requirements; design operational procedures; support development of the Flight Operations Plan; develop contingency plans.

	07.04.04
	Navigation Team
	Provides personnel to determine the spacecraft trajectory and/or position, and plan spacecraft trajectory changes as required.  Development tasks include: develop team level-4 requirements; design operational procedures; support development of the Flight Operations Plan; develop contingency plans.

	07.04.05
	Science Planning Team
	Provides personnel to plan science activities.  Development tasks include: develop team level-4 requirements; design operational procedures; support development of the Flight Operations Plan; develop contingency plans.

	07.04.06
	Mission Planning Team
	Provides personnel to plan mission activities.  Development tasks include: develop team level-4 requirements; design operational procedures; support development of the Flight Operations Plan; develop contingency plans.

	07.04.07
	Sequencing Team
	Provides personnel to develop and integrate the sequence of commands to control spacecraft and instrument activities.  Tasks may include constraint checking and testing sequences on a test bed simulator before sending commands to the spacecraft.  Development tasks include: develop team level-4 requirements; design operational procedures; support development of the Flight Operations Plan; develop contingency plans.

	07.04.08
	Data Management Team
	Provides personnel to process, manage and transfer data to the users.  Tasks may include preparing and transferring data to an archive facility.  Development tasks include: develop team level-4 requirements; design operational procedures; support development of the Flight Operations Plan; develop contingency plans.

	07.04.09
	Science Support Team
	Provides personnel to support science activities. Tasks may include: monitoring instrument health; preparing command files; transferring science data.  Development tasks include: develop of team level-4 requirements; design operational procedures; support development of the Flight Operations Plan; develop contingency plans.

	07.04.10
	DSN Scheduling
	Represent the Project to the Resource Allocation Review Board (RARB) and the Joint Users Review Allocation Planning (JURAP) process to ensure that critical resource changes are negotiated and effected. Input project requirements and view periods into the Resource Allocation Planning Process. Negotiate DSN tracking resources to meet project requirements and maintain accurate allocation files of resources scheduled. Distribute allocation files to other teams for inclusion in their processes.

	07.04.11
	Training
	Prepare, coordinate, and conduct operations training and tests.  Train and certify operations personnel.  Tasks include: prepare the Operations Training Plan; coordinate and conduct team training; produce training reports; train personnel in GDS tool usage.  Support validation of the Operations Readiness Test (ORT) activity.  Provides the Operations Training Engineer.

	07.05
	Mission Operations System Verification & Validation
	The complex of personnel and services required to validate that the MOS is prepared to operate (track, analyze, plan and command) the Spacecraft and Instruments.

	07.05.01
	System Engineering
	Prepare, coordinate, and conduct MOS-Flight System validation tests to demonstrate the capability and readiness of the MOS to operate the Flight System.  Prepare the MOS Test Plan and provide test reports.  Provide the MOS V&V System Engineer.

	07.05.02
	Verification and Validation Tests
	Prepare, coordinate, and conduct MOS-Flight System validation tests to demonstrate the capability and readiness of the MOS to operate the Flight System.  The tests may include: Flight Sequence; End-to-End Flight Sequence; Mission Design Verification; ORT.  The tests are frequently performed during Spacecraft ATLO tests in support of Project System V&V.
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	Launch System
	The primary means for providing initial thrust to place the Flight System directly into its operational environment, or on a trajectory towards its intended target.  Includes, for example: Launch Vehicle; associated Launch Services.

	08.01
	Launch Services
	The Launch Services Agreement provides the goods and services necessary to place the Flight System directly into its operational environment, or on a trajectory towards its intended target.  Includes, for example: Launch Vehicle; Launch Vehicle integration; launch operations; and any other associated Launch Services.

	08.01.01
	Launch Services
	Launch Services provides the initial thrust to place the Flight System directly into its operational environment, or on a trajectory towards its intended target.  Includes, for example: Launch Vehicle; associated Launch Services.  Frequently includes an upper-stage propulsion system.

	
	
	



Work Breakdown Structure Template Acronyms
	AHSE
	
	Assembly Handling Support Equipment

	AO
	
	Announcement of Opportunity

	APT
	
	Academic Part-time

	ATLO
	
	Assembly, Test, and Launch Operations

	BCE
	
	Bench Checkout Equipment

	CC
	
	Contamination Control

	CDR
	
	Critical Design Review

	CM
	
	Configuration Management

	COG-E
	
	Cognizant Engineer

	CR
	
	Confirmation Review

	CTM
	
	Contract Technical Manager

	DSN
	
	Deep Space Network

	EA
	
	Environmental Assessment

	EAR
	
	Export Administration Regulations

	EDMG
	
	Engineering Data Management Group

	EEE
	
	Electrical, Electronic, and Electro-mechanical

	EEIS
	
	End-to-End Information System

	EIS
	
	Environmental Impact Statement

	EM
	
	Engineering Model

	EMC
	
	Electro-Magnetic Compatibility

	EMI
	
	Electro-Magnetic Interference

	EPINS
	
	Electronic Parts Information System

	EPE
	
	Education and Public Engagement

	ERD
	
	Environmental Requirements Document

	ETAS
	
	Environmental Test Authorization System

	FMECA
	
	Failure Modes, Effects and Criticality Analysis

	FS
	
	Flight System

	FSW
	
	Flight Software

	GDS
	
	Ground Data System

	GN&C
	
	Guidance, Navigation, and Control

	GSE
	
	Ground Support Equipment

	HQA
	
	Hardware Quality Assurance

	HRCR
	
	Hardware Readiness Certification Review

	ICD
	
	Interface Control Document

	ICR
	
	Initial Confirmation Review

	ISA
	
	Incident Surprise Anomalies

	I&T
	
	Integration and Test

	ITAR
	
	International Traffic in Arms Regulations

	IV&V
	
	Independent Verification and Validation

	JPL
	
	Jet Propulsion Laboratory

	LV
	
	Launch Vehicle

	MAP
	
	Mission Assurance Plan

	MCDL
	
	Master Controlled Documents List

	MCRL
	
	Master Controlled Records List

	MLI
	
	Multi-Layer Insulation

	M&P
	
	Materials and Processes

	MMR
	
	Monthly Management Review

	MOS
	
	Mission Operations System

	MRB
	
	Materials Review Board

	MSRD
	
	Mission/System Requirements Document

	NAIF
	
	Navigation and Ancillary Information Facility

	NASA
	
	National Aeronautics and Space Administration

	NEPA
	
	National Environmental Protection Act

	NPG
	
	NASA Policy Guidance

	NSPARS
	
	Non Standard Parts Approval Request

	PD
	
	Presidential Directive

	PDMS
	
	Product Data Management System

	PDR
	
	Preliminary Design Review

	PEM
	
	Project Element Manager

	PFM
	
	Proto Flight Model

	P/FR
	
	Problem / Failure Report

	PI
	
	Principal Investigator

	PO
	
	Purchase Order

	PP
	
	Planetary Protection

	PPO
	
	Planetary Protection Officer

	PRS
	
	Problem Reporting System

	PRT
	
	Platinum Resistance Thermometer

	PSLA
	
	Project Service Level Agreement

	PWB
	
	Printed Wiring Board

	QA
	
	Quality Assurance

	RAM
	
	Random Access Memory

	RIN
	
	Risk Instrumentation Notification (system)

	RF
	
	Radio Frequency

	RFA
	
	Request For Action

	RFP
	
	Request For Proposal

	RTQ
	
	Responses To Questions

	SA
	
	System Administration

	STDWBS
	
	Standard Work Breakdown Structure

	SDST
	
	Small Deep Space Transponder

	SNP
	
	Special Nuclear Materials

	S/W
	
	Software

	SOW
	
	Statement of Work

	SQA
	
	Safety and Quality Assurance

	SR
	
	Selection Review

	SRCR
	
	Software Readiness Certification Review

	STM
	
	System Thermal Model

	S/s
	
	Subsystem

	TBD
	
	To Be Determined

	TEC
	
	Thermoelectric Cooler

	TWTA
	
	Traveling Wave Tube Amplifier

	US
	
	United States

	V&V
	
	Verification and Validation

	VDE
	
	Valve Driver Electronics

	WVa
	
	West Virginia
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