RFP – NNJ05111915R

Attachment J-4

Crew Exploration Vehicle – (CEV)


ATTACHMENT J-4

WORK BREAKDOWN STRUCTURE

This attachment establishes the CEV Project Work Breakdown Structure (WBS) and the framework for the Contractor WBS (CWBS).  
NOTE: The Constellation WBS defines the Level 1 CEV as element 1.0.  The CEV Statement of Work (SOW) is organized using the CEV Project WBS structure in this Attachment, presuming the 1.0 Constellation prefix throughout.  

For example:  SOW 6.1.2 Spacecraft Integration = WBS 1.6.1.2 Spacecraft Integration 
	Level
	Title
	Description

	1
	2
	3
	4
	5
	
	

	1.0
	
	
	
	
	Crew Exploration Vehicle
	

	
	1.1
	
	
	
	Project Management
	Project Management contains the efforts required for Project Management, Project Administration, Business Management, Contractor Management and Relationships, and Information Technology Management. This element also includes task efforts in managing Technical Reviews, and Special Studies required by NASA.

	
	
	1.1.1
	
	
	Project Management and Administration
	This element contains the efforts for planning, organizing, directing, coordinating, controlling, and approval processes used to accomplish overall Project objectives. 

	
	
	
	1.1.1.1
	
	Project Management, Systems, Planning and Reporting
	This element includes the development of systems and processes required for the planning, organization, control surveillance and reporting of overall contract activities to ensure disciplined performance of work. This includes the efforts for development of a Project Management Plan to assure all systems and processes are adequate to complete all CEV Project safety, technical, schedule, and cost objectives. 

	
	
	
	1.1.1.2
	
	Performance Management Reviews and Performance Metrics
	This element consists of the efforts for conducting quarterly Performance Management Reviews (PMRs) with the Crew Exploration Vehicle Project Office (CEVPO). This includes the efforts to define metrics indicating the level of success and quality of the execution of contract requirements and the status of the Contractor's performance against the performance standards contained within this contract. 

	
	
	
	1.1.1.3
	
	NASA Integrated Collaborative Environment (ICE)
	This element is the effort to share, report, collect, record and access project information among NASA, CEV Contractor, major/critical subcontractors, associate contractors and authorized Government personnel connected with the CEV Project. ICE provides real-time collaborative access to a single source of management information, product information and technical data. ICE is the principal mechanism for integrating a project’s digital information management environment. 

	
	
	
	1.1.1.4
	
	Configuration Management
	This element consists of the efforts to perform the configuration management. This includes the CM efforts across all pertinent project elements such as modeling and simulation, manufacturing, operations, quality and acquired items. 

	
	
	
	1.1.1.5
	
	Data Management
	This element consists of the efforts to perform the data management. This includes the DM efforts across all pertinent project elements such as modeling and simulation, manufacturing, operations, quality and acquired items.

	
	
	
	1.1.1.6
	
	Risk Management
	This element consists of the efforts to provide for a proactive decision-making process to continuously assess CEV Project risks, prioritize risks, and implement strategies to mitigate and control those risks.  Risk Management will be applied to all phases of the CEV Project as an integral part of project management. 

	
	
	
	1.1.1.7
	
	Integrated Master Plan (IMP)
	This element consists of the efforts to manage the execution of the CEV using the IMP and its associated Integrated Master Schedule (IMS). The IMP and IMS provide a systematic approach to project planning, scheduling, and execution.  A mutual understanding of what is required to successfully plan and execute the project is critical to the government-industry team. 

	
	
	
	1.1.1.8
	
	Integrated Master Schedule (IMS)
	This element consists of the tasks necessary to develop an integrated schedule used to accomplish the total scope of work as defined in the WBS. The schedule will contain the contract IMP events, milestones, accomplishments, criteria, and activities. This schedule will be used to provide management insight into contractor status, potential problem areas, risk and critical path identification, which will serve as the basis for evaluating the Contractor's performance.

	
	
	
	1.1.1.9
	
	Internal/External Project Review Support (IDIQ)
	This element consists of the efforts to develop briefing materials and analyses for CEV meetings with various internal and external review groups, which may include groups like the flight technique panels, Aerospace Safety Advisory Panel (ASAP), Inspector General/Government Accountability Office (IG/GAO), Space Flight Advisory Committee (SFAC), and cost assessments teams.

	
	
	1.1.2
	
	
	Business Management
	This element includes efforts to manage the business and resource control processes for the Project.

	
	
	
	1.1.2.1
	
	Financial Management
	This element is the effort to provide summary-level cost reporting by fund source, contract WBS, elements of cost and manpower including labor Equivalent Personnel (EP), overhead, and other direct and indirect costs.

	
	
	
	1.1.2.2
	
	Workforce Reporting
	This element consists of effort to report the workforce information by geographic location.

	
	
	
	1.1.2.3
	
	Reserved
	

	
	
	
	1.1.2.4
	
	Integrated Baseline Review (IBR)
	This element is the effort to establish the baseline plan, cost and schedule risk, and the underlying management processes used for planning and controlling the project.

	
	
	
	1.1.2.5
	
	Cost Performance Report
	This element is the effort to provide information for: (1) integrating cost and schedule performance data with technical performance measures, (2) assessing the magnitude and impact of actual and potential problem areas causing significant cost and schedule variances, and (3) providing valid, timely status information to the CEV Project.

	
	
	
	1.1.2.6
	
	Life Cycle Cost Management
	This element is the effort to capture, maintain, and provide access to life cycle cost analysis data as it evolves through the project life cycle.

	
	
	1.1.3
	
	
	External Relationships
	This element includes the effort to define and implement the Contractor relationships with the Constellation contractors. Associate relationships may include need for data products of other Constellation contracts, the interrelationship of schedule information, or the impact due to a change in project requirements.

	
	
	
	1.1.3.1
	
	Associate Contracts
	This element consists of the efforts to establish relationships with other Constellation contractors, defined as associate contractor relationships.  This effort includes the establishment of formal guidelines to address coordination, cooperation and communication with associate contractors.

	
	
	
	1.1.3.2
	
	NASA Centers
	This element consists of the efforts to establish cooperative relationships at the NASA centers to understand NASA GFE and data deliverables, schedules, interfaces, and interactions.

	
	
	1.1.4
	
	
	Technical Reviews
	This element includes the effort to support the planning and execution of technical integration reviews conducted by NASA.  This element also includes the effort to participate in NASA Constellation reviews and implement the defined set of CEV Project reviews. The element includes demonstration of review objectives, entrance and exit criteria to, development and presentation of data, responses to Review Item Discrepancies (RIDs) generated by NASA authorized reviewers, and implementation of actions resulting from RIDs.

	
	
	1.1.5
	
	
	Information Technology Management
	This element consists of implementing Information Technology requirements for the Project including capital planning, investment control and security. Information Technology security is defined as the protection of IT investments (e.g., information systems and telecommunications systems) and their associated information and data from unauthorized access, use, disclosure, disruption, modification, or destruction to ensure the integrity, confidentiality, and availability of NASA IT systems.

	
	
	1.1.6
	
	
	Reserved
	

	
	
	1.1.7
	
	
	Special Studies (IDIQ)
	This element consists of the efforts to accomplish any special studies or analyses requested by NASA through the Contracting Officer.

	
	1.2
	
	
	
	Systems Engineering and Integration
	Systems Engineering and Integration consists of the technical and management efforts of directing and controlling the integrated engineering effort for the System to achieve a solution that satisfies all CEV Project requirements and otherwise balances performance, cost, schedule, and risk. SE&I includes the development of upgrade paths for future missions and integration of the CEV System into the Constellation Program.

	
	
	1.2.1
	
	
	Crosscutting Systems Engineering and Integration Development Activities
	This element includes cross-cutting Systems Engineering and Integration Development activities to provide consistency across all aspects of the CEV System development efforts. 

	
	
	
	1.2.1.1
	
	Systems Engineering Management
	This element consists of the efforts to manage the CEV's overall system architecture definition and engineering functions including the interfaces with external Constellation Systems.

	
	
	
	1.2.1.2
	
	Integrated Models and Simulations
	This element consists of the efforts to develop design and analysis tools, models and simulations used in the development of the CEV System, including source code.

	
	
	
	1.2.1.3
	
	Open Architecture
	This element consists of the efforts to develop and implement an approach for a modular open systems architecture in the design of the CEV System.  It includes making the impact to the overall modular open systems architecture a primary consideration in the selection of equipment to meet the CEV design functionality.

	
	
	
	1.2.1.4
	
	Software Engineering
	This element includes all aspects of software production from the early stages of system specification through maintenance of the system in the field. Software Engineering includes the work required to define an overall CEV System approach to the design, development, test certification, and delivery of software in support of the CEV System. CEV software includes all flight software and onboard firmware, ground software, and test software.

	
	
	
	1.2.1.5
	
	System Analysis 
	This element includes the work to identify and conduct trade studies and cost-effectiveness analyses including reliability, maintainability and supportability, across the CEV System to ensure that a complete set of options and alternatives is assessed for driving CEV System requirements and design decisions. 

	
	
	
	1.2.1.6
	
	Integrated Logistics Support
	This element consists of the work required to develop concepts, requirements and plans for maintenance and logistics for CEV Project supportability. This includes life cycle plans for design-in-supportability, hardware processing and definition of logistics support resources.

	
	
	
	1.2.1.7
	
	Systems Test Verification and Certification
	The element covers the work to certify the CEV System by inspection, demonstration, simulation, analysis and/or test. This element includes development of a plan for the verification and certification of the CEV System (hardware, firmware, and software) and associated subsystems and components.

	
	
	
	1.2.1.8
	
	Human Engineering 
	The element consists of the work required to plan and design the System for use by humans during operations and maintenance.

	
	
	
	1.2.1.9
	
	Specialty Engineering 
	The element consists of the work to apply the specialty engineering disciplines of materials and processes, electromagnetic compatibility, EEE parts, and environments to the CEV System design.

	
	
	
	
	1.2.1.9.1
	Materials and Processes
	This element includes the tasks required to support spacecraft M&P design and implementation, including: oversight into 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.

	
	
	
	
	1.2.1.9.2
	Electromagnetic Compatibility
	This element is the work required to ensure the design, development and delivery of a CEV System is electromagnetically compatible with all subsystems and equipment within the CEV System and with environments caused by electromagnetic effects external to the System. CEV System volumes which are intended to be used for humans, active or passive equipment, and active or passive organic/inorganic substances, shall be compatible with electromagnetic effects caused by CEV Systems, CEV Systems shall be compatible with the intended use of these CEV System volumes.

	
	
	
	
	1.2.1.9.3
	Electrical, Electronic, and Electromechanical (EEE) Parts
	This element includes the work required to develop, and implement a EEE Parts Management and Implementation Plan for the CEV. 

	
	
	
	
	1.2.1.9.4
	Environments
	This element includes the tasks required to determine the specific natural environments and induced environments that the CEV System must operate within and for which the CEV System must be qualified, encompassing all phases of CEV System production, testing and operation in all modes through disposal.   It also includes derivation and control of environment data and analysis models for the design, certification, and operation of the CEV System, subsystems, assemblies, and components. 

	
	
	1.2.2
	
	
	Program Integration 
	This element consists of the efforts to integrate the CEV System into the Constellation and International Space Station Programs.

	
	
	
	1.2.2.1
	
	Constellation Program Integration
	This element consists of the efforts to develop appropriate External Interface Control Documents (EICDs) for each Constellation external interface.  This element includes tasks to perform analyses and tests and provide reports and engineering data supporting integration, verification and operation of CEV and other Constellation elements and provide technical data, and models required to perform Constellation level analyses.  This element also includes efforts to develop, deliver, and sustain CEV functional and physical interface simulator(s).

	
	
	
	1.2.2.2
	
	CEV to International Space Station Program Integration
	This element consists of the efforts to develop appropriate External Interface Control Documents (EICDs) to the International Space Station (ISS) Program.  This element includes tasks to perform analyses and tests and provide reports and engineering data supporting integration, verification and operation of CEV and the ISS and provide technical data, and models required to perform integrated ISS/CEV level analyses.  This element also includes efforts to develop, deliver, and sustain CEV functional and physical interface simulator(s).

	
	
	1.2.3
	
	
	Requirements Definition and Management
	This element includes the work necessary to validate CEV System requirements and interface requirements and properly allocate them to the Spacecraft and Ground Systems.

	
	1.3
	
	
	
	Safety and Mission Assurance
	Safety and Mission Assurance includes integration of Safety and Mission Assurance into the CEV System design, development, risk identification and mitigation, test, ground and flight operations, and ground processing activities.

	
	
	1.3.1
	
	
	System Safety
	This element provides the technical and management effort necessary to ensure the overall safety and protection of flight and ground personnel, general public, flight/ground hardware, software and facilities through all phases of the project, including oversight of contracted efforts. This element includes Identification and generation of Project Hazard Fault Trees, Hazard analysis Reports, Hazard Mitigation and Controls, safety data packages and support the Project Safety Review Process.

	
	
	1.3.2
	
	
	Industrial, Environmental, Processing Site, Launch Site and Range Safety
	This element includes the efforts necessary to ensure that occupational (industrial) safety and health, environmental assurance function and test range safety for all aspects of the CEV Project are accomplished.

	
	
	1.3.3
	
	
	Reliability, Maintainability, and Supportability (RMS)
	This element includes the activities to define, develop, and implement RMS tasks as an integral part of the design, development, test, evaluation, and operations processes.

	
	
	1.3.4
	
	
	Hardware Quality Assurance
	This element includes the technical and management efforts to define, develop, and implement Quality Assurance requirements and processes as an integral part of the CEV System life cycle.  It also includes efforts to define, develop, and implement an effective quality assurance program that establishes quality requirements for EEE parts, contributes to the logistics processes, maintains effective configuration management, and establishes a sound problem reporting and corrective action system.

	
	
	1.3.5
	
	
	Software Assurance and Safety
	This element includes the technical and management efforts to define, develop, and implement a systematic approach to software safety as an integral part of the Projects overall system safety Project, software development, and software assurance processes.  It also includes the effort to demonstrate that test plans, requirements, preliminary design procedures, and results assure the implementation of software requirements.

	
	1.4
	
	
	
	Reserved
	

	
	1.5
	
	
	
	Reserved
	

	
	1.6
	
	
	
	Spacecraft
	Spacecraft includes the tasks required for the design, development, production, assembly, test, and certification efforts to deliver the completed Spacecraft for integration with the launch vehicle.

	
	
	1.6.1
	
	
	Spacecraft Systems Engineering
	This element consists of the efforts to lead the spacecraft's overall system architecture definition and engineering functions. This includes the technical and management efforts of directing and controlling the integrated engineering effort for the spacecraft.

	
	
	
	1.6.1.1
	
	Requirements Definition and Management
	This element includes the work necessary to allocate and validate the requirements from the spacecraft level down to the component level and all interfaces between each level of requirements. 

	
	
	
	1.6.1.2
	
	Spacecraft Integration
	This element is the work required to define and manage the internal spacecraft interfaces.

	
	
	
	1.6.1.3
	
	Spacecraft Crew Cabin and Cockpit Layout Design Requirements
	This element is the work required to participate in the development of detailed design requirements for the CEV crew cabin and cockpit layout and document these requirements.

	
	
	
	1.6.1.4
	
	Spacecraft Test, Verification and Certification
	This element is the work required to verify, by simulation, analysis and/or test that all CEV requirements are verifiable and have been satisfied.

	
	
	
	1.6.1.5
	
	Spacecraft Specialty Engineering
	The element consists of the work to apply the crosscutting specialty engineering disciplines of aerosciences, instrumentation, mass properties, Micrometeoroid and Orbital Debris (MMOD) analyses, and radiation to the spacecraft.

	
	
	
	
	1.6.1.5.1
	Aerosciences
	This element contains the effort to define the aerodynamic and aerothermodynamic characterization of the vehicle through all phases of atmospheric flight including plume/flowfield interactions and on-orbit rarefied flows.   The aerodynamic environment includes the vehicle forces, vehicle moments, related surface pressure, and related shear forces.  The aerothermodynamic environment includes heat transfer to the vehicle surface.  The on-orbit environment addresses the flight regimes where the flow cannot be described as a continuum and includes the Reaction Control System (RCS) plume contamination and impingement environments.  

	
	
	
	
	1.6.1.5.2
	Instrumentation
	This element defines the collection and processing of vehicle transducer and sensor information and vehicle health monitoring data specified by other subsystems for use on the vehicle and ground.

	
	
	
	
	1.6.1.5.3
	Mass Properties
	This element includes the definition, control and verification of mass properties.  The mass properties of an item include its mass, center of gravity, mass moments of inertia, and mass products of inertia with respect to a reference coordinate system.

	
	
	
	
	1.6.1.5.4
	Micrometeoroid and Orbital Debris (MMOD) Analyses
	This element is the work required to assess the risk to the spacecraft and crew resulting from damage or penetration from micrometeoroid and orbital debris impacts during various mission phases and the certification analyses activities performed to verify the CEV meets all MMOD protection requirements dictated by the CEV Project. 

	
	
	
	
	1.6.1.5.5
	Radiation
	This element consists of the work required to perform analyses used to describe the internal CEV radiation environments that result from exposure to natural radiation background environments and events. 

	
	
	1.6.2
	
	
	Spacecraft Subsystems
	This element consists of the work required to design, develop, produce, and test through certification and acceptance a CEV Spacecraft meeting all CEV System-level and external-interface requirements. Spacecraft Subsystems development includes subsystem requirements generation and allocation to the component level; design and development of breadboards, engineering, qualification, and acceptance testing equipment and facilities, spacecraft wiring, flight hardware, non-flight functional equivalent units, spares, and flight and ground software; and subsystem test and integration.  The vehicle subsystems have been separated as follows: Avionics; Electrical Power Subsystem; Mechanisms; Passive Thermal Control; Thermal Protection System; Structures (including loads and dynamics, stress analysis); Propulsion; Suits, EVA and Survival Crew Equipment Support Systems; Environmental Control and Life Support (ECLS), Crew Health and Habitation Accommodations Systems; Pyrotechnics; Recovery Systems; Guidance, Navigation, and Control (GN&C); Wiring; and Launch Abort System.  Direct efforts associated with integrating each of these subsystems into the vehicle are covered under WBS element 1.6.1.2, Spacecraft Integration.  Direct efforts associated with integrated testing of each of these subsystems in the vehicle are covered under WBS element 1.6.1.4, Spacecraft Test, Verification, and Certification.

	
	
	
	1.6.2.1
	
	Avionics
	This element is the effort to design, develop, integrate, test, certify, and deliver the software, computers, and other electrical and electronic equipment used for commanding, monitoring, and communicating with the CEV's subsystems. The avionics subsystem includes the hardware and software components that provide the following functions: Flight Software, Command & Data Handling (C&DH), Instrumentation, Communications and Tracking (C&T), Displays & Controls (D&C), and all data/signal interfaces between these functions and external Spacecraft systems/modules/subsystems/components.

	
	
	
	
	1.6.2.1.1
	Flight Software
	This element is the effort to design, develop, integrate, test, certify, and deliver the software that comprises all avionics functions, including systems management, Command & Data Handling (C&DH), instrumentation, Communications & Tracking (C&T), crew interfaces, external interfaces, and the application software for all other subsystems. Flight software includes firmware, newly developed software, software reused from another program, and acquired software (e.g. operating systems, device drivers, etc.).

	
	
	
	
	1.6.2.1.2
	Command & Data Handling (C&DH)
	This element is the effort to design, develop, integrate, test, certify, and deliver the data processing and computing resources including processors, memory, input/output devices, data multiplexers/ demultiplexers, mass storage devices, inter-computer time-synchronization devices, and networking equipment.
The CEV Instrumentation collects and processes vehicle transducer and sensor information and vehicle health monitoring data specified by other subsystems for use in flight and on the ground. The instrumentation hardware handling signal processing is considered part of the C&DH subsystem. Sensors used within another subsystem's firmware controller are considered part of that subsystem.

	
	
	
	
	1.6.2.1.3
	Communications and Tracking (C&T)
	This element is the effort to design, develop, integrate, test, certify, and deliver the space-to-ground and space-to-space communication links, RF/optical tracking devices (excluding navigational aids), and audio and video/imagery equipment.

	
	
	
	
	1.6.2.1.4
	Displays & Controls
	This element is the effort to design, develop, integrate, test, certify, and deliver the crew interface with the on-board computer systems and the manual controls/feedbacks used by the crew to control the vehicle, interact with its subsystems, and monitor automated processes. This work is done in concert with WBS elements 1.2.1.8, Human Engineering, and 1.6.1.3, Spacecraft Crew Cabin and Cockpit Layout Design Requirements.

	
	
	
	1.6.2.2
	
	Electrical Power Subsystem
	This element is the effort to design, develop, integrate, test, certify, and deliver the power generation, energy storage, electrical power distribution and control, and external/internal CEV lighting.

	
	
	
	1.6.2.3
	
	Mechanisms
	This element is the effort to design, develop, integrate, test, certify, and deliver any mechanical or electromechanical devices that control the movement of a mechanical part of the spacecraft relative to another part.  These devices include latches, hatches, doors, and fasteners installed, removed, or adjusted during flight.  The spacecraft docking system is not included in this category as it is provided by NASA.  Mechanical landing and impact attenuation systems are covered in WBS element 1.6.2.11, Landing and Recovery Systems.

	
	
	
	1.6.2.4
	
	Passive Thermal Control
	This element is the effort to design, develop, integrate, test, certify, and deliver hardware, coatings, blankets, heaters, and other design accommodations that protect the vehicle, crew, and its constituent components from thermal environmental extremes during all mission phases.  

	
	
	
	1.6.2.5
	
	Thermal Protection System
	This element is the effort to design, develop, integrate, test, certify, and deliver hardware that protects the vehicle and its constituent components from the aerothermal environment during ascent and entry. 

	
	
	
	1.6.2.6
	
	Structures
	This element is the effort to design, develop, integrate, test, certify, and deliver the primary structure, secondary structure, and all structural components of vehicle equipment, including spacecraft and component loads, dynamics, and stress analysis.

	
	
	
	1.6.2.7
	
	Propulsion
	This element is the effort to design, develop, integrate, test, certify, and deliver vehicle components that provide propulsive thrust used for trajectory insertion, orbital maneuvering, and translation and rotation reaction control. Retro rockets for landing attenuation systems are covered in WBS element 1.6.2.11, Landing and Recovery Systems.

	
	
	
	1.6.2.8
	
	Suits, EVA and Survival Crew Equipment Support Systems
	This element is the effort to design, develop, integrate, test, certify, and deliver components that interface to EVA and Crew Support Equipment.

	
	
	
	1.6.2.9
	
	Environmental Control and Life Support (ECLS), Crew Health and Habitation Accommodations
	This element is the effort to design, develop, integrate, test, certify, and deliver the spacecraft subsystems for Environmental Control and Life Support (ECLS), active thermal control, medical systems interfaces, and habitation accommodations.  The subsystem provides for the following functions: Breathable atmosphere; Emergency oxygen; Contaminant control (in the air, in fluids and on surfaces); Potable and non-potable water; Waste and trash collection, storage, processing and disposal; Fire/smoke detection and suppression; Cabin pressure, temperature and humidity; Heat acquisition, transport and rejection; Equipment and vehicle systems active thermal control; Thermally-controlled storage; Food supply interfaces and onboard processing and preparation systems and storage; Environmental monitoring, including radiation monitoring; Medical systems interfaces (including crew health system interfaces and countermeasure systems interfaces); Habitation accommodations (e.g., crew "seats", internal restraints and mobility aids, hygiene systems, privacy accommodations, sleep systems, ambient storage systems, maintenance systems, inspection systems, repair systems, in-situ training systems, housekeeping systems, clothing interfaces, crew personal items interfaces, inventory systems, and noise control systems).

	
	
	
	1.6.2.10
	
	Pyrotechnics
	This element is the effort to design, develop, integrate, test, certify, and deliver all devices and assemblies containing or operated/actuated/severed by, propellants and/or explosives.  This subsystem includes items such as items such as initiators, detonators, safe and arm devices, cartridges, separation bolts and nuts, pin pullers, retractors, thrusters, oxygen candles, reefing line cutters, pyrotechnic hardware used in crew escape and crew survivability, linear separation systems, guillotines, valves, disconnects, transfer assemblies, through bulkhead initiators, shaped charges, mortars, circuit interrupters, and dimple motors.  This subsystem specifically excludes large rocket motors. 

	
	
	
	1.6.2.11
	
	Landing and Recovery Systems
	This element is the effort to design, develop, integrate, test, certify, and deliver parachute, landing attenuation, impact attenuation, and floatation systems.  The parachute system includes slings attaching a parachute to the vehicle; connectors; parachute risers, suspension lines, and canopies; reefing lines; deployment bags and lines; and pyrotechnic devices. 

	
	
	
	1.6.2.12
	
	Guidance, Navigation, and Control (GN&C)
	This element is the effort to design, develop, integrate, test, certify, and deliver the Guidance, Navigation, and Control (GN&C) subsystem. This includes the hardware components, software, and algorithms for guiding, navigating, and controlling the CEV Spacecraft.

	
	
	
	1.6.2.13
	
	Wiring
	This element is the effort to design, develop, integrate, test, certify, and deliver the wiring harnesses and optical cabling for both electrical and optical signals and provides the power, data, and command paths, connections, production breaks, and access points required to develop, assemble, test, operate, verify, certify, service and safeguard the CEV Spacecraft throughout its life cycle.  In addition to wiring harnesses and optical cabling, the element includes the static electrical and optical service panels, outlets, and connectors needed to support testing, troubleshooting, processing and operation of the CEV Spacecraft, and the dynamic electrical and optical service panels/connectors needed to make/break electrical and optical connections between the CEV Spacecraft modules or between the CEV Spacecraft and other Constellation elements or external equipment from launch through recovery. This element also includes the effort to design, and plan for the development and test of all grounding, shielding, circuit protection, and circuit isolation provisions needed for the safe operation of the CEV Spacecraft in its development, test, and operational environments.

	
	
	
	1.6.2.14
	
	Launch Abort System
	This element is the effort to design, develop, integrate, test, certify, and deliver the CEV Launch Abort System to provide escape capability from the launch vehicle during launch and ascent operations.  The Launch Abort System includes components, resources, and data from other systems in addition to hardware specifically designed to accomplish abort/escape functions.

	
	
	1.6.3
	
	
	Government Provided Products (Reserved)
	Reserved

	
	
	1.6.4
	
	
	Spacecraft Integration and Test Facilities
	This element consists of all activities needed to provide the Integration, Test, & Verification facilities required to complete integrated verification of the spacecraft.

	
	
	1.6.5
	
	
	Spacecraft Assembly, Integration, and Production
	This element consists of all activities needed to produce an integrated, verified, validated, and accepted vehicle and all deliverable hardware, software, and documentation products.

	
	1.7
	
	
	
	Operations
	Operations encompasses the work required to develop processes, plans, system requirements, training, procedures, and work associated with the preparation, launch and flight execution, and recovery of the CEV. The scope of operations includes the activities commencing once CEV System hardware/software has been delivered to the Government and is in support of the integrated test flights.
This element also includes the effort to develop an overall concept of operations, and plans for detailed ground operations, detailed flight operations, considering operations during design, range safety, training, and transition.

	
	
	1.7.1
	
	
	Operational Analyses Supporting Design
	This element includes work to perform operational analyses to ensure a balance of cost, schedule and risk between spacecraft design and ground and flight infrastructure needed to accomplish the operational mission.

	
	
	1.7.2
	
	
	Ground Operations
	This element includes efforts required to provide (1) plans for CEV stand-alone ground operations where the activities involve the CEV system and (2) requirements for integrated ground operations where the activities involve the spacecraft with other Constellation flight elements.

	
	
	1.7.3
	
	
	Flight Operations
	This element includes efforts to develop the plans, processes, schedules, and products required to perform the flight design, analyses, and flight planning activities; flight products and procedure development; and execution of the integrated flights.  Flight Operations will be the responsibility of NASA to perform; however, it is essential that the Contractor provide the data and support to NASA for the development of the flight operations products to prepare for and execute the CEV missions. 

	
	
	
	1.7.3.1
	
	Flight Operations Preparation
	This element includes efforts to develop the pre-flight plans, processes, schedules, flight design and analyses, flight plans, procedures, and support products necessary to prepare for the CEV mission execution.  The culmination of these activities will produce a complete, integrated set of operations products and procedures necessary to execute during a CEV mission. 

	
	
	
	1.7.3.2
	
	Flight Operations Execution (IDIQ)
	This element includes tasks to perform real-time support for all phases of mission operations beginning with pre-launch activities through post-landing egress of the flight crew. It is the culmination of all of the earlier pre-flight flight design, mission planning, training, and ground operations activities. 

	
	
	1.7.4
	
	
	Range Safety 
	This element includes the technical and management efforts to coordinate, develop and prepare the procedures for incorporation of and compliance with range safety requirements during preparation and execution of CEV test and operational flights from US airspace and ranges. This includes coordinating meetings and reviews with range safety personnel and the CEV development team personnel. It also includes coordinating range safety support to hazardous activities at the launch and flight test sites, launch operations, and hazards analysis for the launch/ascent phase and, if required, the descent/landing phase.

	
	
	1.7.5
	
	
	Training
	This element includes the effort to develop plans, processes, and schedules required to train and certify ground operations personnel engaged in the inspection, test, checkout, maintenance, and operations of all assigned flight hardware, GSE, facilities, facility systems, and equipment to support the preflight processing, launch, and recovery operations of the CEV system. This element also includes the plans, processes, and schedules required to train and certify flight crew, flight controller and other flight operations personnel to support the preflight and real-time operations of the CEV system

	
	1.8
	
	
	
	Launch and Vehicle Services 
	Reserved

	
	1.9
	
	
	
	Ground and Training Systems
	Ground and Training Systems includes the effort to develop requirements, designs and plans for the development and test of facilities, hardware and software to support ground and flight operations.  Ground Systems include facilities, facility systems, and ground support equipment hardware and software required to support integrated test flights and operational flights for ground and flight operations. Training Systems include facilities, hardware and software to support ground and flight operations training.
The work for Ground and Training Systems includes the allocation of requirements for ground support equipment, facilities, and training systems to end items.  For end items which are CEV-unique, the work further includes planning and preliminary design.  For end items which are provided by other elements of the Constellation Program, the work further includes participation in applicable technical interchange meetings and technical design reviews.

	
	
	1.9.1
	
	
	Facilities and Facility Systems
	This element includes development of plans and designs needed for CEV System-unique or stand-alone ground and flight operations.  Facilities and facility systems encompasses stand-alone processing facilities, control rooms, landing and recovery facility systems and other monitoring systems.

	
	
	1.9.2
	
	
	Ground Support Equipment
	This element includes development of plans and designs for CEV System-unique ground support equipment, both hardware and associated software, needed for ground and flight operations during integrated test flights and operational flights.

	
	
	1.9.3
	
	
	Training Systems (IDIQ)
	This element includes development of plans and designs for CEV System-unique training systems needed for ground operations and flight operations during integrated test flights and operational flights. The CEV-unique training systems include the hardware, software, and facilities required to educate, test, certify, qualify, standboard, maintain proficiency, and otherwise prepare the crew, ground, and flight operations personnel for successful execution of exploration missions.

	
	
	1.9.4
	
	
	Storage
	This element includes the development of plans for storage facilities for flight and ground systems and logistical spares provided by the CEV Contractor.

	
	1.10
	
	
	
	Flight Test
	Flight Test includes the work associated with the Launch Abort System (LAS) test 1-3 and the first Risk Reduction Flight (RRF1) with the CLV.   It includes work required for develop of Flight Test Article (FTA) requirements, design, production, verification, and deliver of the FTAs appropriate for these tests.  All flight test activities will be conducted by NASA as a government provided service to the Contractor for DDT&E. 

It also includes the definition of the test unique production CEV requirements For LAS4 and RRF2 & RRF3 flight tests.

	
	
	1.10.1
	
	
	Flight Test Article Development and Production
	This element includes the effort to define the fidelity, specifications and number of FTAs proposed to complete the flight test effort.  This element also includes the effort to design, develop, certify, produce, and deliver FTAs for the flight test effort.

	
	
	
	1.10.1.1
	
	Flight Test Article Requirements
	This element includes the effort to define the fidelity and number of FTAs proposed to complete the flight test effort.

	
	
	
	1.10.1.2
	
	Flight Test Article Design and Production
	This element includes the effort to design, develop, certify, produce, and deliver FTAs for the flight test.

	
	
	1.10.2
	
	
	Test Article Ground Support Equipment
	This element includes the effort to design, produce and deliver the FTA unique ground support equipment.  It includes both hardware and associated software, needed for ground and flight operations during the LAS1, 2, 3 and RRF1 testing.

	
	
	1.10.3
	
	
	Flight Test Support (IDIQ)
	This element includes the effort to support the flight test activities including engineering and technician support for the FTA integration with the Abort Test Booster, FTA operations training, Test planning, execution and reporting.

	
	1.11
	
	
	
	Reserved
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