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1.0 Introduction
Under the guidance of processes provided by Crew Transportation Plan (CCT-PLN-1100), this
document with its sister documents, International Space Station (ISS) Crew Transportation and Services
Requirements Document (CCT-REQ-1130), Crew Transportation Technical Standards and Design
Evaluation Criteria (CCT-STD-1140), Crew Transportation Operations Standards (CCT STD-1150),
and ISS to Commercial Orbital Transportation Services Interface Requirements Document (SSP 50808),
provides the basis for a National Aeronautics and Space Administration (NASA) certification for
services to the ISS for the Commercial Partner. When NASA CTS certification is achieved for ISS
transportation, the Commercial Partner will be capable of providing services to and from the ISS during
the services phase of the NASA Commercial Crew Program (CCP).

1.1 Purpose
The purpose of this document is to provide Commercial Partners a summary of the technical
management processes that support the certification effort and NASA’s expectations of the processes
and products that NASA considers crucial to a successful development effort.

1.2 Scope
This document and its supporting documents are applicable to the design, development, test, evaluation,
and certification of the end-to-end Crew Transportation System (CTS). The end-to-end CTS includes all
assets and processes required to transport NASA crew to and from the ISS, including:

An integrated space vehicle.

Supporting systems for ground, flight, and recovery operations.

Capabilities and processes for pre-flight planning and trajectory and abort analysis.

Crew health and medical care.

Processes for manufacturing, ground processing, mission control, launch control, and post-landing
recovery.

Safety and mission assurance.

Training processes for operations personnel and crew.

1.3 Precedence
Nothing in this document supersedes applicable laws and regulations, unless a specific exemption has
been obtained.

1.4 Delegation of Authority
This document was jointly prepared, and will be jointly managed, by the CCP and NASA ISS Program
Office. CCT-PLN-1120 will be maintained in accordance with standards for the CCP documentation.
The responsibility for assuring the definition, control, implementation, and verification of the
requirements identified in this document is the CCP. Coordination with the NASA ISS Program for
verification and eventual certification of the requirements will be performed through the CCP Office.

1.5 Verb Application
Throughout this document and its supporting documents: statements containing “shall” are used for
binding requirements that must be verified and have an accompanying method of verification; “will” is
used as a statement of fact, declaration of purpose, or expected occurrence; and “should” denotes a
Commercial Crew Program Office
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statement of best practice. The verbs “shall,” “will,” and “should” are only intended as informational
and are not binding when used within the context of a reference document under an agreement.

Commercial Crew Program Office
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2.0 Applicable Documents
Document Number
CCT-REQ-1130

Title: Description
ISS Crew Transportation and Services Requirements Document: This document
provides the requirements for ISS destination services requirements and
transportation certification that must be met to deliver NASA crew and limited
cargo to and from the ISS.

SSP 50808

ISS to Commercial Orbital Transportation Services Interface Requirements
Document: This document provides the ISS requirements that must be met
during spacecraft proximity operations, for arrival and departure operations, and
during the docked timeframe.

CCT-STD-1140

Crew Transportation Technical Standards and Design Evaluation Criteria:
This document provides guidance on the technical criteria used to assess the
Commercial Partner’s technical standards and ensure they meet the intent of the
requirements specified in CCT-REQ-1130.

CCT-STD-1150

Crew Transportation Operations Standards: This document provides
descriptions of ground and flight operations processes and the minimum criteria
and practices for operations.

Commercial Crew Program Office
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3.0 Program Management and System Engineering Elements
The Commercial Partner will develop and implement the operating and program plans with sufficient
detail to convey the approach for accomplishing program objectives. These are intended to span the lifecycle of the program.

3.1 Project Management Plan
The Commercial Partner will provide a Project Management Plan (PMP) for purposes of providing a
roadmap for executing, monitoring, and controlling the project. Core components may be described with
subsidiary plans or in the PMP. Subsequent sections cover topical expectations.
3.1.1 Project Management and System Engineering Commercial Partner Provided Data
Products
In support of CTS certification, the following should be available:

Project Management plan(s), processes, and data to include reference to management of
requirements, data (operational and non-operational), risk, cost, scope, schedule, change control,
process control, quality assurance, performance reporting, and as applicable, maintenance,
refurbishment, and disposal of the spacecraft and launch vehicle.
3.1.2 Project Management and System Engineering NASA Focus Areas
NASA will review the supporting documentation to assess adequacy of the technical effort and
processes used. This includes the evaluation of the Commercial Partner’s compliance with these plans.

3.2 Configuration Management
The Commercial Partner will own and maintain configuration control over their requirements,
specifications, numerical models, and drawings that govern the development of the CTS. The
Commercial Partner is responsible for integrated change control and tracking to ensure changes are
agreed upon and manage the actual changes when and as they occur. To this end, the Commercial
Partner will define the tools and techniques to manage and document the integrated baseline of systems,
equipment, and operations products; control, record, and report changes; and audit the systems and items
to verify conformance.
3.2.1 Configuration Management Commercial Partner Provided Data Products
In support of CTS certification, the following should be available:

Configuration Management plan, processes, and data to include project baseline information, change
packages, non-conformance reporting and disposition, audit results, requirement and verification
traceability, and associated performance data.
3.2.2 Configuration Management NASA Focus Areas
NASA will review supporting documentation for:

Adequacy of tracking.

Incorporation of updates or modifications to include re-validation prior to use, as appropriate.

Coordination across disciplines and functional areas and notification to stakeholders.

Audit strategy and results.

Corrective action.
Commercial Crew Program Office
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Lessons learned.

3.3 Risk Management
The Commercial Partner will define and implement a risk management plan that documents the full lifecycle of a risk process together with approval, mitigating, acceptance, reporting, and integration
mechanisms throughout the life-cycle of the program. The considerations for operations products and
the management of operational risks are contained in the operational standards outlined in CCT-STD1150.
3.3.1 Risk Management Commercial Partner Provided Data Products
In support of CTS certification, the following should be available:

Risk Management plan, processes, and data.
3.3.2 Risk Management NASA Focus Areas
NASA will review supporting documentation for:

Adequacy of risk identification efforts.

Risk characterization criteria, mitigation, and elevation.

Risk control (ensure results can affect decisions throughout the project life-cycle).

Risk response planning to include contingency and residual risk planning.

3.4 Requirements Management
The Commercial Partner is responsible for developing, implementing, and maintaining a closed-loop
requirements management process to ensure hardware, software, support equipment, ground systems
processing, and configuration requirements are accomplished for all configuration-managed systems and
equipment.
3.4.1 Requirements Management Commercial Partner Provided Data Products
In support of CTS certification, the following should be available:

Requirements Management plan, processes, and data.
3.4.2 Requirements Management NASA Focus Areas
NASA will review supporting documentation for:

Requirements mapping and traceability.

Verification and validation planning and results with supporting data (any models and/or analysis
data, test data, and results).

Deviation and constraint handling.

3.5 Interface Management
The Commercial Partner is responsible for establishing procedures and practices to ensure proper
interface definition, documentation, and compliance throughout the project life-cycle.
3.5.1 Interface Management Commercial Partner Provided Data Products
In support of CTS certification, the following should be available:

Interface Requirements and Interface Definition Documentation.
Commercial Crew Program Office
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3.5.2 Interface Management NASA Focus Areas
NASA will review supporting documentation for technical completeness and accuracy.

3.6 Quality Assurance
3.6.1 Quality Assurance Commercial Partner Provided Data Products
The Commercial Partner is responsible for developing and implementing a Quality Management System
to include:

Commercial Partner Quality Management Plan (compliant with AS9100).
3.6.2 Quality Assurance NASA Focus Areas
NASA will review the following:

Quality Management Plan.

Nonconformance Control reports for completeness, adequacy, and effectiveness of the engineering
disposition.

Corrective and Preventative Action reports for effectiveness of the root cause investigation and
corrective actions.

The Government Industry Data Exchange Program (GIDEP) for completeness, disposition, and
closure.

3.7 Technical Reviews
The Commercial Partner will hold Certification Milestone Reviews to formally evaluate progress
towards certification. Descriptions of typical Milestone Reviews are shown in Table 3-1. Actual
Milestone Review content and entrance and exit criteria are negotiated as part of NASA’s investment.
Table 3-1: Milestone Reviews

Review
System
Requirements
Review (SRR)
System Definition
Review (SDR)
Preliminary Design
Review (PDR)

Critical Design
Review (CDR)

Description
The SRR examines the functional and performance requirements defined for the
system and the preliminary Program or Project Plan, and ensures that the
requirements and the selected concept will satisfy the mission.
The SDR examines the proposed requirements, the mission/system architecture,
and the flow down to all functional elements of the system.
The PDR demonstrates that the overall program preliminary design meets all
requirements with acceptable risk and within the cost and schedule constraints,
and establishes the basis for proceeding with detailed design. It shows that the
correct design options have been selected, interfaces have been identified, and
verification methods have been described. Full baseline cost and schedules, as
well as all risk assessment, management systems, and metrics, are presented.
The CDR demonstrates that the maturity of the program's design is appropriate
to support proceeding full-scale fabrication, assembly, integration, and test and
that the technical effort is on track to complete the flight and ground system
development and mission operations in order to meet overall performance
requirements within the identified cost and schedule constraints. Progress
against management plans, budget, and schedule, as well as risk assessment, are
presented.

Commercial Crew Program Office
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System Acceptance
Review (SAR)
Operations
Readiness
Review (ORR)
Flight Readiness
Review (FRR)
Post-Launch
Assessment Review
(PLAR)
Critical Event
Readiness Review
(CERR)
Post-Flight
Assessment
Review (PFAR)
Decommissioning
Review (DR)
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The SIR evaluates the readiness of the project to start flight system assembly,
test, and launch operations. Verification and validation plans, integration plans,
and test plans are reviewed. Test articles (hardware/software), test facilities,
support personnel, and test procedures are ready for testing and data acquisition,
reduction, and control.
The SAR verifies the completeness of the specific end item with respect to the
expected maturity level, and to assess compliance to stakeholder expectations.
The SAR examines the system, its end items and documentation, and test data
and analyses that support verification.
The ORR examines the actual system characteristics and the procedures used in
the system or product's operation, and ensures that all system and support (flight
and ground) hardware, software, personnel, and procedures are ready for
operations and that user documentation accurately reflects the deployed state of
the system.
The FRR examines tests, demonstrations, analyses, and audits that determine
the system's readiness for a safe and successful flight/launch and for subsequent
flight operations. It also ensures that all flight and ground hardware, software,
personnel, and procedures are operationally ready.
Assessment of system in-flight performance. For human space flight, the PLAR
is performed by the Mission Management Team (MMT).
Review to confirm readiness to execute a critical event during flight operations.
For human space flight, the CERR is performed by the Mission Management
Team (MMT).
The PFAR is a human space flight review that occurs after a flight mission in
order to assess whether mission objectives were met and the status of the
returned vehicle.
The purpose of the DR is to confirm the decision to terminate or decommission
the system and assess the readiness for the safe decommissioning and disposal
of system assets.

3.7.1 Technical Review Commercial Partner Provided Data Products
In support of CTS certification, the following should be available as part of reviews:

Operations Concepts.

Requirements traceability and implementation status.

Significant technical issues and resolution plan.

Significant Risk and mitigation strategies.

Requirement Verification and Validation (V&V) results.

Flight Test Plan.

Operational products and plans as described in Section 7.0.
3.7.2 Technical Review NASA Focus Areas
NASA will review supporting documentation for successful entrance and exit criteria, including:

Program Risks and Mitigation strategies identification.

Compliance with Program requirements (cost, tech, schedule).

Compliance to Program plans and processes.
Commercial Crew Program Office

Page 9 of 34

Crew Transportation Technical Management Processes
Revision: Draft 1.0



















CCT-PLN-1120
May 5, 2011

Description of the systems and architecture (HW/SW, legacy, interfaces & facilities).
Constraints affecting system development (cost, tech, schedule).
Credible con-ops and cost, schedule, and investment review; mission feasibility.
Interfaces to other programs and partners.
Test and evaluation strategy; life-cycle support (logistics, manufacturing ops).
S&MA (quality assurance, safety, reliability, maintainability, EEE parts) meet acceptable risk level
and adequate margins.
V&V plan status.
Baseline documentation for each subsystem (specs, drawings), ICD’s & requirements flow down
(verifiable), certification plans, and certification data packages.
Test plans and procedures.
Plans for fabrication, assembly and integration.
Operational limits and constraints.
Command & telemetry list.
Production tools, materials, ops, processes and methods are consistent with quality requirements and
occupational safety, environmental and energy conservation requirements.
Production and support staff are qualified and trained.
All integration plans and procedures are completed.
All elements and/or components are available for integration and have been verified against all
mechanical, electrical, functional, and safety interface requirements.
Closure of actions and plans.
Technical planning is sufficient to proceed to next development phase.

A detailed list of data types that support milestone assessments is included in Appendix C and D.

Commercial Crew Program Office
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4.0 Design and Development
The Commercial Partner will own, manage, and control the design and safety analysis approach and
processes for identifying, understanding, eliminating, and controlling hazards and risks to safety and
mission success. NASA will perform the necessary analysis and evaluations to assess the impacts to
mission success and evaluate risk to crew health and safety. NASA focus areas with respect to technical
standards that guide design decisions are found in CCT-STD-1140.

4.1 System Safety and Reliability
The Commercial Partner will incorporate safety and reliability into the design process to identify and
eliminate catastrophic hazards. If elimination is not practical, the Commercial Partner will put in place
controls that reduce the risk to an acceptable level for crew safety and mission success. These controls
will be verified.
The safety and reliability processes provide an integrated, systematic, and comprehensive approach,
which can be used to determine the need for design changes and safety measures, such as failure
tolerance, based on an understanding of the risk to the crew due to individual hazards, as well as the
system as a whole. These methods are used to balance risks and trades by identifying hazards and
developing hazard controls based on assessments of crew risk and rankings of risk scenarios. In this
way, the level of failure tolerance and other safety measures can be selected commensurate with the risk
posed to the crew. This includes the evaluation of hardware and software capabilities, limitations, and
interdependence, as well as environmental and human factors relevant to safety and mission success.
The safety and reliability processes should:

Emphasize the use of industry standard safety and reliability analyses (e.g., hazard analysis, failure
modes and effects, criticality analysis, etc.) throughout the system life-cycle (i.e., design,
manufacture, and operation) of the Commercial Partner’s CTS, as well as during any changes to the
baseline design and/or operation.

Provide detailed plans for the communication and acceptance of risk to stakeholders and/or
appropriate control boards to ensure residual risk is appropriately managed.

Include methodologies for performing qualitative assessments of the probability of occurrence and
the severity of hazards, including detailed definitions for likelihood and severity categories that will
be used by the Commercial Partner to ensure a uniform method of assessing hazards.

Provide for closed-loop tracking and verification of hazard controls.

Include a plan for communication and approval of safety and reliability analyses.
4.1.1 System Safety and Reliability Commercial Partner Provided Data Products
The Commercial Partner will provide a Safety and Reliability plan, which describes how safety and
reliability analytical methodologies are integrated into the design process and used to identify and
eliminate or control catastrophic hazards and balance risks and trades. This plan will cover hazards,
failure modes and effects, and the probabilistic safety analysis processes. To the extent that it applies,
the Commercial Partner will leverage off historical performance data to guide the implementation of the
safety and reliability analysis approaches, and will describe the process for utilization of historical
information.
Commercial Crew Program Office
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The Commercial Partner will make available the results of the associated analyses, such as hazard
analysis reports and Failure Modes and Effects Analysis (FMEA) that support design decisions. This
documentation shall provide sufficient detail to clearly identify potential hazards, causes, likelihood and
consequence, the design changes that were made, and the controls that were put in place to mitigate the
hazards, along with rationale supporting these decisions.
At a minimum, the reports should include:

Summary of hazard analysis results.

Hazard Description and effect, including upstream and downstream effects.

A risk assessment for each hazard cause.

A risk matrix that captures a snapshot of the total risk of the hazard.

Failure modes that can lead to a hazard (cross-referenced to failure modes and effects analysis, if
available).

Failure modes and how the failure can affect interfacing subsystem operations.

The system component or mission phase that the analysis is concerned with.

The configuration or phase of the mission that the system is in when the hazard is encountered (e.g.,
maintenance, during flight, ground processing).

Recommended actions necessary to eliminate or control the hazard.

List of controls and verifications (e.g., warnings, cautions, procedures in operations and maintenance
manuals, training, etc.).
4.1.2 System Safety and Reliability NASA Focus Areas
NASA will review the safety and reliability products, assess the Commercial Partner’s determination of
risk likelihood and consequence, and evaluate whether the design decisions and hazard controls put in
place by the Commercial Partner are sufficient to ensure crew safety and mission success.

4.2 Probabilistic Safety Analysis
The Probabilistic Safety Analysis (PSA) is a structured probabilistic treatment of scenarios, likelihood,
and consequences. It consists of the application of probabilistic methods and related processes to
evaluate safety, specifically the risk of Loss of Crew (LOC). PSA is applied throughout design
development and provides the information necessary to assess and justify the calculation of LOC.
4.2.1 Probabilistic Safety Analysis Data Products
The results of the PSA with supporting data will be made available to NASA.
4.2.2 Probabilistic Safety Analysis NASA Focus Areas
Assessment of the PSA process will be measured upon the thoroughness of individual technical products
together with an integrated analysis, where applicable. Emphasis will be placed on the incorporation of a
systematic and comprehensive PSA approach applicable to the criteria that includes the definition of
objectives, scenario development, quantification and uncertainty analysis, interpretation of results, and
documentation. The purpose of the technical evaluation is to confirm that the PSA model properly
identifies the LOC/Loss of Mission (LOM) estimates for the Commercial Partner’s CTS.

Commercial Crew Program Office
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4.3 Software Safety and Assurance
In addition to the Software Qualification/Acceptance activity, the Commercial Partner will be
responsible for the management of Software Safety throughout the life-cycle of the program. To this
end, the Commercial Partner will define a Software Safety Plan to document safety-critical software
determination processes, management, software development and analysis methods, implementation and
test, and operational use.
4.3.1 Software Safety Commercial Partner Provided Data Products






Software Safety plan/processes/data.
Software safety-criticality evaluation results.
Records that identified hazards associated with a specific requirement, design concept, or operation
have been evaluated for software’s contribution to the hazard cause and that controls or mitigations
have been incorporated.
Commercial Partner software acquisition documentation.

4.3.2 Software Safety NASA Focus Areas
NASA’s review of Software Safety will focus on the following:

Review of the Software Safety Plan for adequacy and completeness.

Validation of models or simulations used to make critical decisions that may impact human safety
and mission success.

Methods and procedures used for verification, validation, and uncertainty assessments.

4.4 Safety Review Process
Safety is the responsibility of the Commercial Partners for systems and operations developed as part of
the CTS. NASA approves the system certification of CCT-1100 Series requirements for the
development and initial operations of these systems. NASA also approves the certification of
compliance to ISS visiting vehicle requirements contained within SSP 50808.
The compliance with safety requirements established in these documents is formally confirmed as a
subset of certification of the system. This will be done in conjunction with the development review
processes established in paragraph 3.7 of CCT-PLN-1120. The review of certification for safety
requires that a unique perspective be applied to the development of the systems very early in the
development process. NASA accomplishes this primarily through insight into the decisions affecting
safety, and through engagement of the engineering community in decisions affecting risk.
The foundation for safety certification is a comprehensive integrated risk analysis utilizing tools such as
Hazard Analysis, Failure Mode Effects Analysis, and Probabilistic Safety Analysis (PSA). These tools
work together to influence the decisions surrounding risk. NASA does not prescribe the application of
these tools within the Commercial Partner’s decision-making process. NASA must achieve an
understanding of how these tools are applied within a Commercial Partner’s development and
operational programs to ensure the foundation is consistent with expectations for identification and
resolution of safety risk.

Commercial Crew Program Office
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NASA uses a safety review process to achieve an understanding of how the tools are applied and the
identification and acceptance of risk within the certification process. The Safety Review process brings
a unique perspective on the system at predetermined points in the development and operational cycles
typically referred to as a phased safety review process. For missions to the ISS, an established safety
review process is in place for review of hazards (reference SSP 30599 and SSP 30309).
The NASA CCP is responsible for government employees utilizing commercial systems to fulfill the
ISS mission. The CCP expects an independent safety review process outside the certification process to
ensure the foundational aspects are in place at all phases of the mission and give the unique perspective
to the periodic review of safety. The scope of the safety review is to determine, given a providers
solution, that analysis was conducted to the appropriate level to surface key risks in the design and
whether risks exist beyond the requirements established for certification. It is NASA’s intent to have this
process complement the established ISS process and the certification process described herein.

4.5 Radioactive Material Usage
The Commercial Partner will be responsible for characterizing and reporting potential risks associated
with a planned launch of radioactive materials into space on launch vehicles and spacecraft, during
normal or abnormal flight conditions. Procedures and levels of review and analysis required for nuclear
launch safety approval vary with the quantity of radioactive material planned for use and potential risk
to the general public and the environment. Details of the nuclear launch safety approval process can be
found in NPR 8715.3, Chapter 6.

4.6 Mishap Reporting and Investigation Process
The Commercial Partner is responsible for developing and managing a Mishap Reporting and
Investigation Process and a Contingency Action Plan.
4.6.1 Mishap Reporting and Investigation Process Commercial Partner Provided Data
The Commercial Partner is responsible for developing and managing a Mishap Reporting and
Investigation Process to include:

A data repository to document events, including investigation findings and corrective actions.

Methods for trending mishap and close call data over time to determine if there is a common root
cause, an unidentified process escape, an increase/decrease in overall events, etc.

Methods for communicating mishaps/close call events, investigation findings, and recommendations
to partners. This should include timeframes for initial reporting, investigation statuses, and
investigation closures.
4.6.2 Mishap Reporting and Investigation Process NASA Focus Areas
NASA will assess whether the mishap was reported in a timely manner, whether the investigation was
thorough, and whether the corrective action was effective.
4.6.3 Contingency Action Plan Commercial Partner Provided Data
The Commercial Partner will generate a Contingency Action Plan that contains provisions for
immediate protection and recovery of flight crew and operations personnel, property, and data in the
event of a mishap. The plan will address real-time response strategies as detailed in CCT-STD-1150.
Commercial Crew Program Office
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4.6.4 Contingency Action Plan NASA Focus Areas
NASA will review the supporting documentation to assess adequacy and ensure coordination across
NASA Agency plans.

4.7 Human Error Analysis
The Commercial Partner will evaluate human actions, identify potential human error, model human
performance, and qualitatively characterize how human error affects the system. The results will be
incorporated into design and operational procedures to minimize the likelihood of human error.
4.7.1 Human Error Analysis Commercial Partner Provided Data Products
The process description and results of the Human Error Analysis (HEA) and its application to the design
and operational procedures will be made available to NASA.
4.7.2 Human Error Analysis NASA Focus Areas
The HEA process description and results will be evaluated to assure that human errors have been
identified and mitigated through design, operational procedures, and/or controls.

4.8 Human Systems Integration
The Commercial Partner will establish a Human Systems Integration (HSI) strategy to assure that
humans and their needs, as well as their capabilities and limitations, are considered during the design
and operation of the system.
4.8.1 Human Systems Integration Commercial Partner Provided Data Products
The HSI documented strategy will include:

The manner in which the human system has been considered as part of total system performance.

Expected utilization of operator capabilities to execute the mission, prevent aborts, and prevent
catastrophic events.

Functional allocation for manual and automated crew and system tasks.

Listing of all identified critical crew and CTS tasks necessary for established mission objectives and
concepts of operation.

Human system performance test strategy to include any use of mock-ups and facilities.

V&V strategy based on use of defined crew tasks and system tasks.

Designs and operational procedures available for review.
4.8.2 Human Systems Integration NASA Focus Areas
Supporting documentation will be assessed to assure that human capabilities and limitations have been
adequately considered. Focus areas include:

Evidence of human capability and limitations considerations as part of trade studies/analysis
activities.

Human-in-the-loop test planning and results.

Task analysis to identify sequencing (parallel, serial, multiple crew/systems, individual
crew/systems) of tasks, time related data (e.g., duration, frequency, limits), and task priority.
Commercial Crew Program Office
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4.9 Acoustic Noise Control Strategy
The Commercial Partner will be responsible to establish the overall noise control strategy for the
integrated vehicle.
4.9.1 Acoustic Noise Control Strategy Commercial Partner Provided Data Products
The Commercial Partner documented strategy should include:

Analysis.

Component and integrated system acoustic and environmental test results.

Resultant requirements.

Acoustic mitigation strategy.

V&V strategy, results, and non-conformance data.
4.9.2 Acoustic Noise Control Strategy NASA Focus Areas
NASA will assess the implementation of the noise control strategy to ensure:




Adequate limits, testing, and analysis for compliance are employed.
Hardware selection criteria and acoustic mitigation efforts are employed.
V&V plan and results are acceptable.

4.10 Operational Safety Training
The Commercial Partner is responsible to ensure that all operations personnel with safety critical roles
are adequately trained and certified demonstrating proficiency. To this end, the Commercial Partner will
develop and implement a Personnel Training and Certification Plan. Detailed content expectations are
found in CCT-STD-1150.
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5.0 Test and Verification
This section includes hardware and software qualification and acceptance test programs, integrated and
end-to-end test of flight hardware and software, Ground Systems test planning, vehicle performance
management planning, and Flight Test planning. This may be accomplished through a series of
demonstrations and joint reviews.

5.1 Qualification and Acceptance Test Planning
5.1.1 Qualification and Acceptance Test Commercial Partner Provided Data Products
In support of CTS certification, the following should be available:

Qualification and acceptance documentation and supporting data.
o
Test Plans, test reports, and requirements traceability.
o
Test Configurations and deviations.
o
Qualification margins and derivations.
o
Environments specified and data used in the development (e.g., acoustic, shock, etc.).

Software Development Plan, verification results, and peer review signoff.
5.1.2 Qualification and Acceptance Test NASA Focus Areas
NASA will assess documentation in support of qualification and acceptance testing. NASA will focus
on the following:

Qualification and acceptance documentation and associated reports.

Test fidelity and completeness.

Validated models and/or analysis used.

Requirements traceability.

Performance requirements and margin analysis.

Software development environment, tools, and adherence to the development process.

Mapping of system, Computer Software Component (CSC), and interface requirements to software
design and test.

5.2 End-to-End Test
The Commercial Partner is responsible for performing, tracking, and recording CTS flight hardware and
software integration, test, and checkout. This includes facility integration for hardware and software.
5.2.1 End-to-End Test Commercial Partner Provided Data Products
In support of CTS certification, documentation should include the generation, control, and disposition of
test procedures, non-conformance, and failure analysis.
5.2.2 End-to-End Test NASA Focus Areas
NASA will perform assessments to determine if documentation, evaluation, and anomaly resolution
during integration, test, and checkout is adequate. Detailed expectations for facility integration standards
are found in CCT-STD-1150.
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5.3 Flight Test
The Commercial Partner will develop and implement a Flight Test program as part of the verification
and validation effort. This includes vehicle performance, management, and margin. Flight Test
objectives address risk reduction and validation needs. As flight hardware and software continues to
mature throughout development, flight test objectives and the associated strategy will be updated.
Legitimate flight test objectives satisfy at least one of the following criteria:
a) Ground testing is not sufficient to adequately test the objective.
b) Significant risk exists after all ground testing and analysis is complete.
c) Flight test is the only method to achieve validation of the objective.
5.3.1 Flight Test Commercial Partner Provided Data Products
In support of CTS certification, the Flight Test program should address the test objectives in Table 7-1
that meet the criteria for Flight Test.
5.3.2 Flight Test NASA Focus Areas
NASA will review the Flight Test program objectives and detailed test results for certification.

5.4 Joint ISS Visiting Vehicle Integration, Verification, and Test Planning
The ISS Program and CCP will work with the Commercial Partner to negotiate an ISS VV Joint
Integration, Verification, and Test Plan (JIVTP). This test plan will define the steps, planning
agreements, and products to be completed for joint ISS VV requirement verification execution and
closure. It also identifies organizational roles and responsibilities and verification ownership.
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6.0 Production and Operations Validation and Verification
6.1 Production Control
The Commercial Partner will develop and implement an approach for the management and control of
processes for production, assembly, integration, launch and mission planning, and recovery. The
Commercial Partner will establish and maintain an approach to adequately verify production
hardware/software.
6.1.1 Production Control Commercial Partner Provided Data Products
In support of CTS certification, documents describing and/or data records developed during the
associated processes should include:

Manufacturing, fabrication, storage, and transportation processes which comply with design.

Clear identification of special requirements associated with critical production processes and/or
processes critical to the control of hazards or critical to FMEA/CIL retention rationale.

Inventory acceptance process and records to verify that incoming parts & materials comply with all
design drawings and specifications, and include required materials certification data.

Inventory control processes and records that assure parts and materials are properly warehoused in
accordance with materials control and storage requirements, and that shelf life requirements are
properly observed.

Inventory assignment/distribution process and records, which provide adequate control and
traceability of critical parts and materials from the source to the final “as built” configuration.

Implementation of non-conformance identification, tracking, and corrective action, with verification
that issues are returned to print, or accepted as a design change through the Flight Readiness Review
process.

Production support processes for metrology and other critical production support activities and
related production records.

Assembly/integration and test plans for subsystem, system, stage, and vehicle.

Periodic audits to verify compliance.
6.1.2 Production Control NASA Focus Areas
NASA will perform assessments to determine if the processes provide adequate documentation and
completeness. This includes the evaluation of the Commercial Partner’s compliance with these
processes. In addition to certification, NASA will verify key performance parameters are trended,
evaluated, and understood flight-to-flight.

6.2 Operations Planning and Supporting Products
The Commercial Partner will define, manage, validate, and implement an end-to-end flight and test
readiness process to include processing and operating plans to execute launch, mission, and recovery
activities. These should include sufficient detail to demonstrate that the CTS will operate within
certification limits, pre-planned procedures for Launch Commit Criteria (LCC) and Flight Rule
excursions, response handling of mishaps and contingencies, and processes for real-time operations
management and decision-making.
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6.2.1 Operations Planning Commercial Partner Provided Data Products
In support of CTS certification and recurring operations, documents describing the associated processes
and product content for the mission timeframe include Vehicle and Ground Processing, Flight,
Operational Communication, Aborts, associated procedures, and management of operational risk.
6.2.2 Operations Planning NASA Focus Areas
NASA expectations for operations planning, content, and review are found in CCT-STD-1150. A
detailed list of data types that support a specific flight Certificate of Flight Readiness (CoFR) and
subsequent Flight Readiness Review is included in Appendix D.
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7.0 Certification Plan
The Commercial Partner, with CCP concurrence, will define, control, and execute an end-to-end design
certification plan. This certification plan defines an integrated strategy for certification of the complete
CTS, and defines a structured and organized approach for implementing the strategy. Since certification
is a progressive process and is highly sensitive to the order of execution, the certification strategy should
clearly define the order of execution, with a schedule and critical path clearly outlined. The certification
plan will define the verification and validation methods for all CTS technical requirements, including
the requirements which result from the necessary decomposition and flow down of higher level CTS
requirements, which define the CTS element, system, subsystem, and component design and/or
performance expectations. Complete execution of the certification plan will ultimately provide the
objective evidence necessary to verify compliance with all design and performance requirements
governing the capability and performance of all critical systems, subsystems, and the integrated CTS.
Where the certification plan includes validation, verification, or demonstration of design requirements,
system performance, or accuracy of analytical models through test, including test flights, then the
Commercial Partner will develop a test plan. The plan would document test objectives with linkage to
specific requirements that are verified by the test. For flight tests, the test plan would require NASA
approval.
Certification Milestone Reviews will be utilized to gain CCP concurrence of the progress toward CTS
certification. The schedule for these reviews will be negotiated along with pre-determined entrance and
exit criteria.
The form of the CTS Certification Data Package is a compilation of pertinent plans and documents, plus
presentation material to help guide reviewers through the package. The package collectively illustrates
with supporting evidence that the system has met the technical requirements, and is safe to carry NASA
crewmembers. The CTS Certification Package will be maintained under configuration management
(especially to referenced/linked material) to clearly track changes made between milestones.
The CTS Certification Data Package Content is summarized in the Table 7-1. Supporting data necessary
to satisfy the certification elements is shown as Commercial Partner provided data in this document.
Data is not limited to that shown. A listing of NASA focus-areas for review, examination, or analysis
shows those that NASA plans to perform for satisfaction of certification. Implementation of NASA
assessments may identify additional focus areas or in-house analysis necessitating additional
Commercial Partner provided data.
Table 7-1: CTS Certification Data Package Content
CTS Certification Data Package Content
Summary level CTS configuration for Certification, with further access to all relevant detailed design and
manufacturing data, which influences the final as-designed or as-built configuration. This includes access to
configuration definition products, such as CAD models, design drawings, production records, waivers, or
deviations.
A description of each reference mission for which CTS certification is being requested.
Management Systems and the related implementation and control process.
System Safety to include FMEA/CIL process, hazard analysis and control process, human error analysis, and
software safety analysis.
Quality Management System, implementation, and controls.
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Integrated Risk Management and Analysis.
Manufacturing and Ops V&V Plan, including identification and control of critical processes, FMEA/CIL
identified production risk items, and production related hazards.
Summary level Flight Hardware and Software Qualification data, with further access to detailed relevant test
plans and reports, analysis, analytical models, and inspection/demonstration related data.
A combined Ground and Flight Test Program, with objectives linked to program development/validation needs.
The test program, which may include a combination of component tests, subsystem tests, system tests, stage tests,
vehicle tests, vehicle suborbital flight tests, vehicle orbital flight tests, landing, and abort system tests, must be
robust enough to provide confidence in the aspects of the system design, not adequately verified by any other
method. The following test objectives will be addressed with detailed test results before NASA will certify the
vehicle:

Verify all design and performance requirements not previously verified by another method.

Validate the nominal performance of the system.

Validate the dynamic response characteristics of the system.

Validate the structural integrity of the system.

Demonstrate the critical separation systems performance.

Demonstrate the entry, landing, and recovery systems.

Validate the critical system environments.

Demonstrate the abort system performance during the critical phases of flight.

For ISS, demonstration of manual/automatic rendezvous, proximity operations, and docking systems
(including abort and hold).

Demonstrate the critical ground and mission support systems.

Demonstrate the reliability of a common launch vehicle and spacecraft configuration.
A summary of the end-to-end design certification process, with further access provided to the detailed design
certification plan. The summary should identify verification and validation methods employed, general
implementation approach, and summary results for the following (with links to the detailed results):

Certification of detailed CTS operational and design technical requirements.

Certification of CTS performance.

Certification of Integrated human-system performance.
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Appendix A: Acronyms
Acronyms
CCP
CoFR
CP
CTS
CVCC
DAM
FMEA
GIDEP
ISS
LCC
LOC/LOM
MCC-H
MER
MMT
ODF
PSA
V&V

Phrase
Commercial Crew Program
Certificate of Flight Readiness
Commercial Provider
Crew Transportation System
Commercial Vehicle Control Center
Debris Avoidance Maneuver
Failure Modes and Effects Analysis
Government Industry Data Exchange Program
International Space Station
Launch Commit Criteria
Loss of Crew/Loss of Mission
Mission Control Center – Houston
Mission Evaluation Room
Mission Management Team
Operations Data File
Probabilistic Safety Analysis
Verification and Validation
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Appendix B: Definitions
Term

Definition

Abort

The forced early return of the crew to a nominal or contingency landing site
when failures or the existence of uncontrolled catastrophic hazards prevent
continuation of the mission profile and a return is required for crew survival.
The crew is safely returned to a landing site in the CTS nominally used for
entry and landing/touchdown.

Analysis

A verification method utilizing techniques and tools such as math models, prior
test data, simulations, analytical assessments, etc. Analysis may be used in
lieu of, or in addition to, other methods to ensure compliance to specification
requirements. The selected techniques may include, but not be limited to,
engineering analysis, statistics and qualitative analysis, computer and hardware
simulations, and analog modeling. Analysis may be used when it can be
determined that rigorous and accurate analysis is possible, test is not cost
effective, and verification by inspection is not adequate.

Ascent

The period of time from initial motion away from the launch pad until physical
separation from the launch vehicle during nominal flight or during an abort.

Ascent Abort

An abort performed during ascent, where the crewed spacecraft is separated
from the launch vehicle without the capability to achieve a safe stable orbit.
The crew is safely returned to a landing site in a portion of the spacecraft
nominally used for entry and landing/touchdown.

Baseline

Approved information that identifies and establishes the attributes of a product
at a point in time and serves as a basis for defining change.

Catastrophic Event

An event resulting in the death or permanent disability of a ground closeout or
flight crewmember or an event resulting in the unplanned loss/destruction of a
major element of the CTS or ISS during the mission that could potentially
result in the death or permanent disability of a flight crewmember.

Catastrophic
Hazard

A condition that could result in the death or permanent disability of a ground
closeout or flight crewmember or in the unplanned loss/destruction of a major
element of the CTS during the mission that could potentially result in the death
or permanent disability of a flight crewmember.

Cargo

An item (or items) required to maintain the operability of the ISS and/or the
health of its crew, and that must be launched or as soon as possible.

Crew

Any human onboard the spacecraft after the hatch is closed for flight or
onboard the spacecraft during flight.

Crew
Transportation
System (CTS)

The collection of all space-based and ground-based systems (encompassing
hardware and software) used to conduct space missions or support activity in
space, including, but not limited to, the integrated space vehicle, space-based
communication and navigation systems, launch systems, and mission/launch
control. This definition is the same as the definition of Space System found in
NPR 8705.2B.
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Term

Definition

Critical (sub)
System

A (sub) system is assessed as critical if loss of overall (sub) system function, or
improper performance of a (sub) system function, could result in a catastrophic
event or abort.

Critical Hazard

A condition that may cause a severe injury or occupational illness, loss of
mission, or major property damage to facilities, systems, or flight hardware.

Demonstration

A method of verification that consists of a qualitative determination of the
properties of a test article. This qualitative determination is made through
observation, with or without special test equipment or instrumentation, which
verifies characteristics such as human engineering features, services, access
features, and transportability. Demonstration requirements are normally
implemented within a test plan, operations plan, or test procedure.

Docking

Mating of two independently operating spacecraft or other systems in space
using independent control of the two vehicles' flight paths and attitudes during
contact and capture. Docking begins at the time of initial contact of the
vehicles' docking mechanisms and concludes when full rigidization of the
interface is achieved.

Entry

The period of time that begins with the final commitment to enter the
atmosphere from orbit or from an ascent abort, and ending when the velocity of
the spacecraft is zero relative to the landing surface.

Failure

Inability of a system, subsystem, component, or part to perform its required
function within specified limits (Source - NPR 8715.3).

Failure Tolerance

The ability to sustain a certain number of failures and still retain capability. A
component, subsystem, or system that cannot sustain at least one failure is not
considered to be fault tolerant.

Fault

An undesired system state and/or the immediate cause of failure (e.g.,
maladjustment, misalignment, defect, or other). The definition of the term
"fault" envelopes the word "failure," since faults include other undesired events
such as software anomalies and operational anomalies (Source - MIL-STD721C). Faults at a lower level could lead to failures at the higher subsystem or
system level.

Flight Crew

Any human on board the CTS during the mission that has been trained to
monitor, operate, and control the CTS.

Flight Hardware

All components and systems that comprise the internal and external portions of
the spacecraft, launch vehicle, launch abort system, and crew worn equipment.

Flight Operations

All operations of the flight vehicle and the crew and ground teams supporting
the flight vehicle from liftoff until landing.

Flight Phase

A particular phase or timeframe during a mission is referred to as a flight
phase. The term “all flight phases” is defined as the following flight phases:
pre-launch, ascent, on-orbit free-flight, docked operations, deorbit/entry,
landing, post landing.
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Term

Definition

Flight Rules

Established redline limits for critical flight parameters. Each has pre-planned
troubleshooting procedures with pre-approved decisions for expected
troubleshooting results.

Flight Systems

Any equipment, system, subsystem or component that is part of the integrated
CTS.

Free Flight
Operations

Vehicle on-orbit operations that occur when the spacecraft is not in contact
with any part of the ISS.

Ground Hardware

All components and systems that reside on the ground in support of the mission
including the Commercial Vehicle Control Center, launch pad, ground support
equipment, recovery equipment, facilities, and communications, network, and
tracking equipment.

Ground Processing

The work required to prepare the spacecraft for its mission from post-landing
to launch. This work includes launch vehicle*/ spacecraft*/crew recovery,
spacecraft return to the processing facility*, spacecraft preparation at the
processing facility, transport to the launch site, support during integration and
checkout with the launch vehicle, and launch countdown activities. [*Applies
only to reusable spacecraft.]

Hazard

A state or a set of conditions, internal or external to a system, that has the
potential to cause harm (Source - NPR 8715.3).

Hazard Analysis
Human Error

The process of identifying hazards and their potential causal factors.
Either an action that is not intended or desired by the human or a failure on the
part of the human to perform a prescribed action within specified limits of
accuracy, sequence, or time that fails to produce the expected result and has led
or has the potential to lead to an unwanted consequence.

Human Error
Analysis (HEA)

A systematic approach used to evaluate human actions, identify potential
human error, model human performance, and qualitatively characterize how
human error affects a system. HEA provides an evaluation of human actions
and error in an effort to generate system improvements that reduce the
frequency of error and minimize the negative effects on the system. HEA is
the first step in Human Risk Assessment and is often referred to as qualitative
Human Risk Assessment.

Human-System
Integration

The process of integrating human operations into the system design through
analysis, testing, and modeling of human performance, interface
controls/displays, and human-automation interaction to improve safety,
efficiency, and mission success.

Inspection

A method of verification that determines conformance to requirements by the
use of standard quality control methods to ensure compliance by review of
drawings and data. This method is used wherever documents or data can be
visually used to verify the physical characteristics of the product instead of the
performance of the product.
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Term

Definition

Integrated Space
Vehicle

The integrated space vehicle consists of all the system elements that are
occupied by the crew during the space mission and provide life support
functions for the crew (i.e., the crewed elements). The integrated space vehicle
also includes all elements physically attached to the crewed element during the
mission. The integrated space vehicle is part of the larger CTS used to conduct
the mission. This definition is the same as the definition for crewed space
system found in NPR 8705.2B. The following examples are provided for
clarification:
Example 1: A launch vehicle for a crewed spacecraft is part of the integrated
space vehicle for ascent.
Example 2: When the crew ingresses a vehicle for launch, the vehicle is
physically connected to the launch pad. The specific launch pad systems that
interface with the launch vehicle and spacecraft are considered part of the
integrated space vehicle but not the entire launch pad.

Landing

The final phase or region of flight consisting of transition from descent, to an
approach, touchdown, and coming to rest.

Launch Commit
Criteria

Established redline limits for critical launch parameters. Each has pre-planned
troubleshooting procedures with pre-approved decisions for expected
troubleshooting results.

Launch Vehicle

The vehicle that contains the propulsion system necessary to deliver the energy
required to insert the spacecraft into orbit or provide the propulsion capability
necessary to execute an ascent abort.

Life-cycle

The totality of a program or project extending from formulation through
implementation encompassing the elements of design, development,
verification, production, operation, maintenance, support and disposal.

Loss of Crew

Death or permanently debilitating injury to one or more crewmembers.

Loss of Mission

Loss of or the inability to complete enough of the primary mission objectives
such that a repeat mission must be flown.

Maintenance

The function of keeping items or equipment in, or restoring them to, a specified
operational condition. It includes servicing, test, inspection,
adjustment/alignment, removal, replacement, access, assembly/disassembly,
lubrication, operate, decontamination, installation, fault location, calibration,
condition determination, repair, modification, overhaul, rebuilding, and
reclamation.

Mission

The mission begins with entry of the crew into the spacecraft, includes delivery
of the crew to/from ISS, and ends with successful delivery of the crew to
NASA after landing.

NASA Crew

The NASA crewmembers or the NASA sponsored crewmembers being
transferred to and from the ISS. These include international partner
crewmembers.

Operator

Any human interacting with the integrated space vehicle during the mission.
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Term

Definition

Passenger

Any human on board the CTS while in flight that has no responsibility to
perform any mission task for that system. Often referred to as "Space Flight
Participant."

Proximity
Operations

This flight phase starts just prior to the Approach Initiation and ends with the
intentional contact of the vehicles’ docking mechanisms or when the vehicle
leaves the ISS Approach Ellipsoid.

Reliability

The probability that a system of hardware, software, and human elements will
function as intended over a specified period of time under specified
environmental conditions.

Rendezvous

The flight phase of executing a series of on-orbit maneuvers to move the
spacecraft into the proximity of its target. This phase starts with orbit insertion
and ends just prior to the approach initiation.

Rescue

The process of locating the crew, proceeding to their position, providing
assistance, and transporting them to a location free from danger.

Risk

The combination of (1) the probability (qualitative or quantitative) including
associated uncertainty that the CTS will experience an undesired event (or
sequences of events) such as internal system or component failure or an
external event and (2) the magnitude of the consequences (personnel, public,
and mission impacts) and associated uncertainties given that the undesired
event(s) occur(s).

Risk Assessment

An evaluation of a risk item that determines (1) what can go wrong, (2) how
likely is it to occur, and (3) what the consequences are.

Safety

The absence from those conditions that can cause death, injury, occupational
illness, damage to or loss of equipment or property, or damage to the
environment.

Software

Computer instructions or data, stored electronically. Systems software
includes the operating system and all the utilities that enable the computer to
function. Applications software includes programs that do real work for users,
such as word processors, spreadsheets, data management systems, and analysis
tools. Software can be Commercial Off-The-Shelf (COTS), Contractor
developed, Government Furnished, or combinations thereof.

Spacecraft

All system elements that are occupied by the crew/passengers during the space
mission and provide life support functions for the crew/passengers. The
crewed element includes all the subsystems that provide life support functions
for the crew/passengers. Defined as “crewed space element” in NPR 8705.2B.

Subsystem

A secondary or subordinate system within a system (such as the spacecraft)
that performs a specific function or functions. Examples include electrical
power, guidance and navigation, attitude control, telemetry, thermal control,
propulsion, structures subsystems. A subsystem may consist of several
components (hardware and software) and may include interconnection items
such as cables or tubing and the support structure to which they are mounted.
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Term

Definition

System

The aggregate of the ground segment, flight segment, and workforce required
for crew rescue and crew transport.

Test

A method of verification in which technical means, such as the use of special
equipment, instrumentation, simulation techniques, and the application of
established principles and procedures are used for the evaluation of
components, subsystems, and systems to determine compliance with
requirements. Test will be selected as the primary method when analytical
techniques do not produce adequate results; failure modes exist which could
compromise personnel safety, adversely affect flight systems or payload
operation, or result in a loss of mission objectives; or for any components
directly associated with Space Station and orbiter interfaces. The analysis of
data derived from tests is an integral part of the test program, and should not be
confused with analysis as defined above. Tests will be used to determine
quantitative compliance to requirements and produce quantitative results.

Validation

Proof that the product accomplishes the intended purpose. May be determined
by a combination of test, analysis, and demonstration.

Verification

Proof of compliance with a requirement or specifications based on a
combination of test, analysis, demonstration, and inspection.
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Appendix C: CTS Certification Milestone Data
The following types of data support Certification Milestone assessments:
1. Assessment of meeting the CTS Design Reference Mission objectives
2. CTS Integrated Space Vehicle (Launch Vehicle, Spacecraft)
a. Vehicle Operations Concept
b. Vehicle design requirements and standards
1) Waivers/Exceptions to requirements or standards
c. Requirement Implementation
1) Integrated design and safety analyses and trade studies that support design decisions
especially those effecting
a) Abort and catastrophic event prevention and crew survival strategy
b) Failure tolerance levels
c) Crew usability, crew workload, and human error
d) Hazard identification and control methods
2) Assessment of the risk of loss of crew and associated level of uncertainty
3) Significant Technical Issues / Anomalies and planned resolution
4) Significant Risks, Mitigation Strategies, and expected residual risk
d. Requirement validation and verification strategies, plans, and methods and results of tests,
analyses, and evaluations
1) Implementation of capabilities identified for crew survivability
2) Implementation of hazard controls
3) Critical (sub)system performance
4) Integrated performance of critical (sub)systems.
5) Critical software performance, security, and safety.
6) Human-system performance
3. CTS Production and Ground Operations Architecture
a. Production and Ground Operations Concepts
b. Design requirements and standards for facilities and systems to support building and processing
the Vehicle
1) Waivers/Exceptions to requirements or standards
c. Design Requirement Implementation
1) Trade studies/analyses that support design decisions
2) Significant Technical Issues/Anomalies and planned resolution
3) Significant Risks, Mitigation Strategies, and expected residual risk
d. Requirement validation and verification strategies, plans, and methods and results of tests,
analyses, and evaluations
1) Implementation of capabilities identified for crew survivability
2) Implementation of hazard controls
3) Critical (sub)system performance
4) Integrated performance of critical (sub)systems.
5) Critical software performance, security, and safety.
6) Human-system performance
e. Requirements for production, assembly, and integration
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1) Production and Assembly specifications
2) Hardware handling/transportation specifications
3) Element Integration Requirements
4) Logistics requirements
5) Personnel skill requirements
6) Waivers/Exceptions
f. Requirement Implementation
1) Plans and procedures for logistics, production, assembly and integration
2) Significant Technical Issues / Anomalies and planned resolution
3) Skill training plans
g. Requirement validation and verification strategies, plans, and methods and results of tests,
analyses, and evaluations
1) Implementation of crew survivability procedures
2) Implementation of hazard controls in procedures
3) Skill competency
4. CTS Launch, Mission, and Recovery Operations Architecture
a. Operations Concept (to include Communications and Tracking)
b. Design requirements and standards for facilities and systems to support launching, flying, and
recovering the crew and vehicle
1) Waivers/Exceptions to requirements or standards
c. Design Requirement Implementation
1) Trade studies/analyses that support design decisions
2) Significant Technical Issues / Anomalies and planned resolution
3) Significant Risks, Mitigation Strategies, and expected residual risk
d. Requirement validation and verification strategies, plans, and methods and results of tests,
analyses, and evaluations
1) Implementation of crew survivability capabilities
2) Implementation of hazard controls
3) Critical operations system performance
4) Critical software performance, security, and safety.
5) Human-system performance
6) Personnel and Crew competency
e. Operations Requirements for Launch, Mission, and Recovery
1) Launch Commit Criteria
2) Flight Rules
3) Personnel and Crew skill requirements
4) Waivers/Exceptions
f. Operations Requirement Implementation
1) Plans and procedures for Launch, Mission, and Recovery
2) Significant Model development/changes/anomalies
3) Trajectory strategies and plans and verification
4) Significant Technical Issues/Anomalies and planned resolution
5) Personnel and Crew training plans
5. Flight Test strategies, plans, and methods and results of tests, analyses, and evaluations that:
a. Validate nominal performance of the system
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Validate the dynamic response characteristics of the system
Validate the structural integrity of the system
Demonstrate the critical separation systems performance
Demonstrate the entry, landing, and recovery systems
Validate the critical system environments
Demonstrate the abort system performance during critical phases of flight
Demonstrate the critical ground and mission support systems
Demonstrate the reliability of a common launch vehicle and spacecraft configuration

6. Closeout of actions from NASA-chaired Reviews
7. Assurance of compliance to Commercial Partner Processes
a. Design & Development Processes
b. Risk Management
c. Safety Analyses
d. Reliability Analysis
e. Configuration and Data Management
f. Schedule Management
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Appendix D: CTS CoFR Milestone Data
The following types of data support CoFR Milestone assessments:
1. Mission Objectives
2. CTS Modifications
a. Modification requirements
1) Waivers/Exceptions to requirements or standards
b. Requirement Implementation
1) Trade studies and analyses that support design decisions
2) Assessment of the risk of loss of crew and associated level of uncertainty
3) Significant Technical Issues/Anomalies and planned resolution
4) Significant Risks, Mitigation Strategies, and expected residual risk
c. Requirement validation and verification strategies, plans, and methods and results of tests,
analyses, and evaluations
1) Implementation of capabilities identified for crew survivability
2) Implementation of hazard controls
3) Critical (sub)system performance
4) Integrated performance of critical (sub)systems.
5) Critical software performance, security, and safety.
3. As-Built CTS Integrated Space Vehicle
a. Changes and waivers to requirements for production, assembly and integration
b. Implementation
1) Changes to plans and procedures for logistics, production, assembly, and integration
2) Compliance with configuration management and maintenance plans
3) Significant Technical Issues/Anomalies and planned resolution
c. Validation and verification results for the As-Built CTS ISV
1) Implementation of crew survivability hardware, software, and procedures
2) Implementation of hazard controls in hardware, software, and procedures
3) Critical (sub)system performance
4) Integrated performance of critical (sub)systems.
5) Critical software performance, security, and safety.
6) Human-system performance
4.

CTS Launch, Mission, and Recovery Operations
a. Changes and waivers to requirements for Launch, Mission, and Recovery
1) Launch Commit Criteria
2) Flight Rules
3) Range Requirements
4) Personnel and Crew skill requirements
b. Operations Requirement Implementation
1) Plans and procedures for Launch, Mission, and Recovery to operate CTS within the CTS
certification
a) Changes/deviations
2) Models for Launch, Mission, and Recovery
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a) Inputs and results
b) Changes/deviations/anomalies
3) Analyses that support Mission Planning decisions, especially
a) Trajectory analyses
b) Consumables analysis
4) Significant Technical Issues/Anomalies and planned resolution
5) Changes to Personnel and Crew training plans
c. Verification that the CTS will be operated within the CTS certification
1) Strategies, plans, and methods
a) Implementation of crew survivability in procedures
b) Implementation of hazard controls in procedures
c) Personnel and Crew competency
2) Results of Tests, Analysis, and Evaluations
d. Readiness Assessments for Operations systems, personnel, crew, and procedures
e. For ISS Stage Operational Readiness Reviews (SORR):
1) Resources (hardware, software, data, analysis, or items in the manifest) being delivered,
completed, or returned by each mission
2) All open risks or watch items that may potentially affect the crewmember(s) or commercial
spacecraft’s ability to complete their stay on-orbit
3) Tasks or activities during the flight and/or stage that are required to mitigate a recurrent risk
4) Tasks or activities planned during the flight and/or stage that significantly change the
likelihood or consequence of a risk
5) Identify acceptance rationale for all risks
5. Anomalies from the previous flight/mission that affect the CTS certification and their resolution
6. Closeout of actions from NASA-chaired Mission and Flight Readiness Reviews
8. Assurance of compliance to Commercial Partner Processes
a. Configuration and Data Management
b. Modification, Production, and Operation Processes
c. Risk Management
d. Safety Analyses
e. Reliability Analysis
f. Schedule Management
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