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Preface

This handbook is the companion document to NPR 7120.5F, NASA Space Flight Program and
Project Management Requirements. It represents the accumulation of knowledge on
managing program and projects derived from NASA’s human, robotic, and scientific
missions. It incorporates the “corporate knowledge” for existing and future NASA space
flight programs and projects, including NASA’s Artemis missions to establish a sustainable
human presence on the Moon through collaboration with commercial and international
partners, NASA’s James Webb Space Telescope (JWST) mission, and NASA’s robotic
missions on Mars. The practices discussed have evolved as a function of NASA’s core values
of safety, integrity, teamwork, excellence, and inclusion, and may also prove a resource for
other agencies, the private sector, and academia. The knowledge gained from the Agency’s
victories and defeats, including the checks and balances and initiatives to better control
cost and risk, provides a foundation for continuing an exciting and healthy space program.

This handbook provides implementation guidance for NPR 7120.5F and includes the
changes and updates to key procedural requirements in NPR 7120.5F since NPR 7120.5E.
The goal of the NPR requirements is to ensure programs and projects are developed and
successfully executed in the most cost-effective and efficient manner possible. This
handbook provides context, rationale, and explanation to facilitate the application of
requirements and to pass on some of the hard-won best practices and lessons learned.

While thoughtful planning and execution is important in all phases of a program or project
life cycle, NASA places particular emphasis on activities during the Formulation Phase to:

e Accurately characterize the complexity and scope of the program or project.
e Increase understanding of programmatic requirements.
e Better identify and mitigate high safety, technical, acquisition, cost, and schedule risks.

e Improve the fidelity and realism of cost and schedule commitments made when the
program or project is approved to transition from Formulation to Implementation.

Key changes in NPR 7120.5F include updating the requirements for establishing Agency
Baseline Commitments (ABC) and for performing Joint Cost and Schedule Confidence Level
(JCL) analyses for tightly coupled programs; adding additional requirements for doing a JCL
analysis for single-project programs and projects over $1B Life-Cycle Cost (LCC); and using
initial capability cost estimates instead of LCC estimates in certain instances for single-
project programs and projects that plan continuing operations and production, including
integration of capability upgrades, with an unspecified Phase E end point.

The NPR includes continued emphasis on the ability and need to properly tailor
requirements to fit the size, complexity, cost, and risk of the program or project. Tailoring
guidance has been added to Appendix C of NPR 7120.5F along with a reference to resources
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to facilitate tailoring available on the Agency Tailoring Website.1 Changes to tailoring
guidance include clarifying the process for assigning “non-applicable” to requirements and
modifying stand-alone requirements for program and project control plans; flexibility for
programs using innovative acquisition approaches; clarification of delegation of tailoring
authority; and pre-customization of the NPR 7120.5 Compliance Matrix.?2

With the release of the NASA-STD-1006, Space System Protection Standard and NPR 1058.1,
NASA Enterprise Protection Program, Space Asset Protection is now the Mission Resiliency
and Protection Program. Programs are no longer required to do a Threat Summary, and
Project Protection Plans need to address the new standard and NPR.

Changes related to governance include updates to program and project acquisition strategy
and planning aligned with NPD 1000.5, Policy for NASA Acquisition; shifted responsibility
for management of independent reviews from the Independent Program Assessment Office
to Mission Directorates; and added program and project consideration for management
and utilization of Agency-level capability components through capability portfolios per NPR
8600.1, NASA Capability Portfolio Management Requirements. The Dissenting Opinion
process is now the Formal Dissent process, which retains the current process.

Changes to the life cycle include clarification of the criteria triggering a Program
Implementation Review (PIR); adding emphasis to the use of leading indicators in
Life-Cycle Reviews (LCRs) and Key Decision Points (KDPs); and providing additional
guidance in the NASA Common Leading Indicators Detailed Reference Guide.3

Updates to program and project documentation and guidance include changes to the
Appendix I table documentation and products in NPR 7120.5F, including the addition of the
Human Systems Integration Plan, System Security Plan, Quality Assurance Surveillance
Plan, Orbital Collision Avoidance Plan (OCAP), and Performance Measurement Baseline
(PMB) and the deletion of the Education Plan, Information Technology Plan, and Product
Data and Life Cycle Management Plan.

The information, techniques, methodologies, and practices described in this handbook are
the compilation of best practices and lessons learned from some of the best program and
project managers, systems engineers, technical teams, procurement specialists, scientists,
financial managers, and leadership within the Agency, academia, commercial organizations,
and other government agencies. The authors of this handbook are grateful for their
dedication and insight.

1 https://appel.nasa.gov/npr-7120-5-tailoring-resources

2 Pre-customized Compliance Matrix templates eliminate non-applicable requirements for specific types of
programs and projects. See Section 3.1.5 for more information on the full Compliance Matrix and pre-
customized templates.

3 https://nodis3.gsfc.nasa.gov/OCE docs/OCE 52.pdf
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1 Introduction

1.1 Purpose

This handbook is a companion to NPR 7120.5F, NASA Space Flight Program and Project
Management Requirements and supports the implementation of the requirements by which
NASA formulates and implements space flight programs and projects. Its focus is on what
the program or project manager needs to know to accomplish the mission, but it also
contains guidance that enhances the understanding of high-level procedural requirements.
(See Appendix C for NPR 7120.5F requirements with rationale.) As such, it starts with the
same basic concepts but provides context, rationale, guidance, and a greater depth of detail
for the fundamental principles of program and project management. This handbook also
explores some of the nuances and implications of applying the procedural requirements,
for example, how the Agency Baseline Commitment (ABC) agreement evolves over time as
a program or project moves through its life cycle.

1.2 Document Structure

Guidance begins in Chapter 2 with a high-level overview of NASA’s space flight program
and project management structure and references to specific topics elsewhere in the
document that provide greater levels of detail. The overview also includes NASA'’s
Governance structure and a description of the program and project life cycles and
management decision points.

Details of the activities in the phases of the life cycle begin in Chapter 3 with programs and
continue in Chapter 4 with projects. These chapters capture the flow of program and
project activities and give a perspective on what needs to be accomplished while
progressing through the phases of the program and project life cycles. Chapter 3 describes
the four different program types, their common activities, and how they differ. Chapter 4
covers activities for all categories of projects with a greater focus on Category 1 projects.
All the activities to meet the requirements of a Category 1 project are detailed, including
activities that may not be applicable to Category 2 or 3 projects.

The special topics in Chapter 5 explain important concepts from NPR 7120.5F in more
detail. They explain the nuances and implications of Governance, Technical Authority,
tailoring principles, and the Formal Dissent process and how they are implemented in
specific situations such as a project being developed in a multi-Center environment. Key
program and project documentation is explored in more detail in the section on maturing,
approving, and maintaining baselines that include the ABC and the Management
Agreement. Other special topics include:

e Earned Value Management (EVM).
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e Analyses and work supporting decisions, including Joint Cost and Schedule Confidence
Level (JCL) analysis.

e The Federal budgeting process.

e The independent Standing Review Boards (SRBs) and Life-Cycle Reviews (LCRs).
e Other reviews such as the Termination Review.

e Requirements for external reporting.

e Program or project management selection and certification.

e Leading indicator guidance.

e The Work Breakdown Structure (WBS) and its relationship to Agency financial
processes.

1.3 How to Use This Handbook

This handbook is structured as a reference document to make it useful for the practitioner.
The focus is on the activities a program or project manager needs to perform with context
and explanation for the requirements. Rather than reading the handbook as a chronological
narrative, the program or project manager can go to a specific section to learn about a
particular area of interest, e.g., Section 5.3 on Formal Dissent. Chapter 3 on programs and
Chapter 4 on projects stand on their own, so a project manager can go to Chapter 4 and
determine what is required in one place. That means that some of the material that is
common between chapters and phases is duplicated to be complete. When a particular
topic such as the WBS is introduced, it is defined in italicized blue font text. If the topic is
discussed in greater depth in this handbook, the reader is referred to that location. On
occasion, the reader will be referred to another handbook or a community of practice for
more in-depth knowledge.

Additional blue font text contains content about key concepts, including points of
elucidation or emphasis on best practices as well as rationales or principles behind some of
the requirements. In addition, required products are bolded in the text, so content about
them can be more easily located.

This handbook is available in print format on the NASA Technical Reports Server (NTRS) at
http://ntrs.nasa.gov/citations/20220009501 Though the content of this handbook is
intended to stand the test of time, the electronic Word version of the handbook is subject to
revision as NPR 7120.5 evolves. However, dynamic content is reserved for online forums.
For example, information supplemental to policy documents can be found in the Office of
the Chief Engineer (OCE) listing under the “Other Policy Documents” tab in the NASA
Online Directives Information System (NODIS) library. NASA personnel can also access the
NASA Engineering Network (NEN) Program and Project Management community of
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practice.* While the handbook presents core information, it also references extended
content with pointers to various NASA communities of practice that contain additional
guidance, best practices, and templates that are updated to be current with latest practice.
Also, additional information in other handbooks, websites, and policy documents is
liberally referenced rather than duplicated.

4 https://www.nasa.gov/open/nen-ntrs.html
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2 High-Level Overview of Program and
Project Management

Space flight programs and projects are often the most visible and complex of NASA’s
strategic investments. These programs and projects flow from the implementation of
national priorities, defined in the Agency’s Strategic Plan,> through the Agency’s Mission
Directorates as part of the Agency’s programmatic organizational hierarchy shown in
Figure 2-1.

Mission
Directorates

|—) Programs
|—> Projects

Figure 2-1 Programmatic Authority Organizational Hierarchy

This hierarchical relationship of programs to projects shows that programs and projects
are different and their management involves different activities and focus. Programs and
projects are distinguished by the following characteristics:

e Program. A strategic investment by a Mission Directorate or mission support offices
with a defined architecture and/or technical approach, requirements, funding level, and
a management structure that initiates and directs one or more projects. A program
implements a strategic direction that the Agency has identified as needed to accomplish
Agency goals and objectives.

Architecture is the structure of components, their relationships, and the principles and
guidelines governing their design and evolution over time.

e Project. A space flight project is a specific investment identified in a Program Plan
having defined requirements, a Life-Cycle Cost (LCC), ¢ a beginning, and an end’. A
project also has a management structure and may have interfaces to other projects,
agencies, and international partners. A project yields new or revised products that
directly address NASA's strategic goals.

5 Currently, NPD 1001.0, 2022 NASA Strategic Plan.

6 The LCC is the total cost of the program or project over its planned life cycle from Formulation (excluding
Pre-Phase A) through Implementation (excluding extended operations).

7 Single-project programs and projects with continuing operations and production, including integration of
capability upgrades, have an unspecified Phase E end point.
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All NASA space flight programs and projects are subject to NPR 7120.5 requirements
including spacecraft, launch vehicles, instruments developed for space flight programs and
projects; some Research and Technology (R&T) developments® funded by and to be
incorporated into space flight or aeronautics programs and projects; technical facilities
specifically developed or significantly modified for space flight systems; Information
Technology (IT) acquired as a part of space flight programs and projects; and ground
systems that are in direct support of space flight operations. NPR 7120.5 requirements also
apply to reimbursable space flight programs and projects performed for non-NASA
sponsors and to NASA contributions to space flight programs and projects performed with
international and interagency partners. NPR 7120.5 requirements apply to the Jet
Propulsion Laboratory (JPL) (a Federally Funded Research and Development
Center(FFRDC()), other contractors, and recipients of grants, cooperative agreements, or
other agreements only to the extent specified or referenced in the applicable contracts,
grants, or agreements.

2.1 Overview of Program and Project Life Cycles

NASA manages programs and projects to life cycles that include the systems engineering
processes described in NPR 7123.1, NASA Systems Engineering Processes and Requirements.
These life cycles are divided into defined phases that correspond to specific activities and
increasing levels of expected maturity of information and products. A program or project
moves through the life-cycle phases as it progresses from concept to operations, and
ultimately to decommissioning. Programs and projects are periodically evaluated at
specific points to gain formal approval to progress through their life cycle.

At the top level, program and project life cycles are divided into two phases: Formulation
and Implementation. (See Section 2.6 and Figure 2-4 for a description of the activities of
these phases.) The activities and work to be accomplished in these phases are as follows:

e Formulation. Identifying how the program or project supports the Agency’s strategic
goals; developing and allocating program requirements to initial projects; performing
trade studies; assessing feasibility, technology, and concepts; deriving a technical
approach from an analysis of alternatives; assessing and possibly mitigating risks based
on risk-informed decision making (RIDM) and continuous risk management (CRM)
processes; conducting engineering and technology risk reduction activities; maturing
technologies; developing organizational structures and building teams; developing
concepts and acquisition strategies; developing preliminary cost and schedule
estimates and budget submissions; establishing high-level requirements, requirements
flow down, and success criteria; developing system-level preliminary designs; assessing
the relevant industrial base and supply chain to ensure program or project success;

8 R&T programs and projects that are directly funded by a space flight program or project should decide
whether they are subject to NPR 7120.5, NPR 7120.8, NASA Research and Technology Program and Project
Management Requirements, or will be a hybrid between those two per Mission Directorate policy and
Decision Authority approval. R&T projects that directly tie to the space flight mission’s success and schedule
are normally managed under NPR 7120.5.
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preparing plans essential to the success of a program or project; and establishing
control systems to ensure performance of those plans and alignment with current
Agency strategies.

e Implementation. Executing approved plans for the development and operation of the
program and/or project; using control systems to ensure performance to approved
plans and requirements and continued alignment with the Agency’s strategic goals;
performing acquisition, detailed design, manufacturing, integration, and test;
conducting operations; and implementing sustainment; for programs, initiating
constituent projects and monitoring their formulation, approval, implementation,
integration, operation, and ultimate decommissioning (tightly coupled programs may
also initiate projects during Formulation); and adjusting the program and/or project as
resources and requirements change.

NASA defines acquisition as the process for obtaining the systems, research, services,
construction, and supplies that the Agency needs to fulfill its mission. Acquisition, which may
include procurement (contracting for products and services), begins with an idea or proposal
that aligns with the NASA Strategic Plan and fulfills an identified need and ends with the
completion of the program or project or the final disposition of the product or service. (The
definition of acquisition in accordance with NPD 1000.5, Policy for NASA Acquisition is used in
a broader context than the Federal Acquisition Regulation (FAR)® definition to encompass
strategic acquisition planning and the full spectrum of various NASA acquisition authorities
and approaches to achieve the Agency’s mission and activities.)

There are three different life cycles for four different types of programs (see Chapter 3) and
one life cycle for three categories of projects (see Chapter 4). The life cycles are divided into
phases. Transition from one phase to another requires management approval at Key
Decision Points (KDPs). (See Section 2.2.3.) The phases in program and project life cycles
include one or more Life-Cycle Reviews (LCRs), which are considered major milestone
events. A LCR is designed to provide the program or project with an opportunity to ensure
that it has completed the work of that phase and an independent assessment of a program
or project’s technical and programmatic status and health. The final LCR in a life-cycle
phase provides essential information for the KDP that marks the end of that life-cycle phase
and transition to the next phase if successfully passed. As such, KDPs serve as gates
through which programs and projects must pass to continue.

KDPs for projects are designated with capital letters, e.g., KDP A. The letter corresponds to
the project phase that will be entered after successfully passing through the gate. Program
KDPs and LCRs are analogous to project KDPs and LCRs. KDPs for single-project programs
are designated with letters as are projects, i.e., KDP A, KDP B, etc. KDPs associated with
other types of programs (i.e., uncoupled, loosely coupled, and tightly coupled) are
designated with Roman numerals and zero. The first KDP is KDP 0, the second is KDP |, etc.

9 https://www.acquisition.gov/browse/index/far
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LCRs are essential elements of conducting, managing, evaluating, and approving space
flight programs and projects and are an important part of NASA’s system of checks and
balances. Life-cycle reviews are conducted by the program and project and often an
independent Standing Review Board (SRB). (SRBs are defined and discussed further in
Section 3.1.1, Section 4.1.1 and Section 5.10.) NASA accords special importance to
maintaining the integrity of its independent review process. LCRs provide the program or
project and NASA senior management with a credible, objective assessment of how the
program or project is progressing. The independent review also provides vital assurance to
external stakeholders that NASA's basis for proceeding is sound.

The KDP decision to authorize a program or project’s transition to the next life-cycle phase
is made by the program or project’s Decision Authority. (See Section 2.2.1.) The decision is
based on a number of factors, including technical maturity; continued relevance to Agency
strategic goals; adequacy of cost and schedule estimates; associated probabilities of
meeting those estimates (confidence levels); continued affordability with respect to the
Agency’s resources; maturity and the readiness to proceed to the next phase; and
remaining program or project risk (safety, cost, schedule, technical, management, and
programmatic). At the KDP, the key program or project cost, schedule, and content
parameters that govern the remaining life-cycle activities are established.

Figure 2-2 shows a simplified, high-level version of the NASA project life cycle to illustrate
the relationship between the phases, gates, and major events, including KDPs and major
LCRs. Note that the program life cycles (discussed in Chapter 3) vary from this simplified
life cycle depending on the program type.
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Figure 2-2 Simplified Project Life Cycle
2.2 Oversight and Approval

NASA has established a program and project management oversight process to ensure that
the experience, diverse perspectives, and thoughtful programmatic and technical judgment
at all levels are accessible, available, and applied to program and project activities. The
Agency employs management councils and independent review boards, including the SRB,
to provide the Decision Authority and upper management with insight on the status and
progress of programs and projects and their alignment with Agency goals. This process
enables a disciplined approach for developing the Agency’s assessment, which informs the
Decision Authority’s KDP determination of program or project readiness to proceed to the
next life-cycle phase.

This section describes NASA's oversight approach and the process by which programs and
projects are approved to move forward through their life cycle. It defines and describes
NASA’s Decision Authority, management councils, and KDPs. (See Sections 3.2 and 4.2 for
more detailed information on these topics.)
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221 Decision Authority

The Decision Authority is the Agency individual who makes the KDP determination on
whether and how a program or project proceeds through the life cycle and authorizes the
key program cost, schedule, and content parameters that govern the remaining life-cycle
activities.

For programs and Category 1 projects, the Decision Authority is the NASA Associate
Administrator (AA). For Category 1 projects, the NASA AA may delegate this authority to
the Mission Directorate Associate Administrator (MDAA). For Category 2 and 3 projects,
the Decision Authority is the MDAA. (See Sections 2.4 and 2.5 for more information on
program and project categories.)

The MDAA may delegate to a Center Director the Decision Authority to determine whether
Category 2 and 3 projects may proceed through KDPs into the next phase of the life cycle.
However, the MDAA will retain authority for all program-level requirements, funding limits,
launch dates, and any external commitments.

The limitation on the scope of an MDAA'’s delegation is needed to preserve the separation of
Programmatic and Institutional Authority roles as required by NASA Governance. (See Section
2.3.)

All delegations are documented and approved in either the Program Commitment
Agreement (PCA), Formulation Agreement, Program Plan (NPR 7120.5F, Appendix G), or
Project Plan (NPR 7120.5F, Appendix H) depending on which Decision Authority is
delegating.

The PCA (NPR 7120.5, Appendix D) is an agreement between the MDAA and the NASA AA (the
Decision Authority) that authorizes program transition from Formulation to Implementation.
The PCA is prepared by the Mission Directorate and documents Agency and Mission
Directorate requirements that flow down to the program; program objectives, management,
and technical approach and associated architecture; program technical performance,
schedule, time-phased cost plans, and safety and risk factors; internal and external
agreements; life-cycle reviews; and all attendant top-level program requirements.

The Decision Authority’s role during the life cycle of a program and project is covered in
more detail in NPR 7120.5F, Section 2.3 Program and Project Oversight and Approval, and
in Chapters 3 and 4 of this handbook.

222 Management Councils

At the Agency level, NASA Headquarters (HQ) has two levels of Program Management
Councils (PMCs): the Agency PMC (APMC) and the Mission Directorate PMC (DPMC). The
PMCs evaluate the safety, technical, and programmatic performance and content of a
program or project under their purview for the entire life cycle. These evaluations focus on
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whether the program or project is meeting its commitments to the Agency and on ensuring
successful achievement of NASA strategic goals. For all programs and Category 1 projects,
the governing PMC is the APMC. The NASA AA chairs the APMC. For all Category 2 and 3
projects, the governing PMC is the DPMC. The MDAA chairs the DPMC.

The governing PMC conducts reviews to evaluate programs and projects in support of
KDPs; makes a recommendation to the Decision Authority on a program or project’s
readiness to progress in its life cycle; and provides an assessment of the program or
project’s proposed cost, schedule, and content parameters. A KDP normally occurs at the
governing PMC review. Prior to the governing PMC review, the program or project is
reviewed by the responsible Center Director and/or Center Management Council (CMC),
which provides its findings and recommendations to the MDAA and DPMC. In cases where
the governing PMC is the APMC, the responsible MDAA and/or DPMC also conduct an in-
depth assessment of the program or project. The Center Director/CMC and MDAA/DPMC
provide their findings and recommendations to the APMC.

223 Key Decision Points

At KDPs, the Decision Authority reviews all the materials and briefings at hand, determines
the program or project’s maturity and readiness to progress through the life cycle, and
authorizes the content, cost, and schedule parameters for the ensuing phase(s). The
materials and briefings include findings and recommendations from the program manager,
the project manager, if applicable, the SRB, the CMC, the DPMC(, the MDAA, if applicable, and
the governing PMC. KDPs conclude the life-cycle review at the end of a life-cycle phase. A
KDP is a mandatory gate through which a program or project must pass to proceed to the
next life-cycle phase.

A life-cycle review that occurs at the end of a life-cycle phase is complete when the governing
PMC and Decision Authority complete their assessment and sign the Decision Memorandum.

The potential outcomes at a KDP include approval or disapproval to enter the next program
or project phase, with or without actions for follow-up activities.

The KDP decision is summarized and recorded in the Decision Memorandum. The Decision
Authority completes the KDP process by signing the Decision Memorandum. The
expectation is to have the Decision Memorandum signed by concurring members as well as
the Decision Authority at the conclusion of the governing PMC KDP meeting. (For more
information on the Decision Memorandum, including signatories and their respective
responsibilities, see Section 5.5.7, Decision Memorandum.)

2.3 Governance

To successfully implement space flight programs and projects, NASA’s management focuses
on mission success across a challenging portfolio of high-risk, complex endeavors, many of
which are executed over long periods of time. NPD 1000.0, NASA Governance and Strategic
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Management Handbook sets forth the Governance framework through which the Agency
manages its missions and executes its responsibilities. The Governance model provides for
mission success by balancing different perspectives from different elements of the
organization and is also fundamental to NASA’s system of checks and balances.

The cornerstone of this organizational structure is the separation of the Programmatic and
Institutional Authorities. The separation of authorities is illustrated in Figure 2-3.

Office of the Administrator
I

Headquarters

Centers

SMATA

TA - Technical Authority

OSMA — Office of Safety and Mission Assurance

OCE - Office of the Chief Engineer

OCHMO - Office of the Chief Health and Medical Officer

Figure 2-3 Separation of Programmatic and Institutional Authorities

Programmatic Authority resides within the Mission Directorates and their respective
programs and projects. (Appendix D provides a summary of the roles and responsibilities
for key program and project management officials.)

Institutional Authority encompasses all organizations and authorities not in Programmatic
Authority. This includes the Mission Support Directorate (MSD) and mission support
offices at Headquarters and associated organizations at the Centers; other mission support
organizations; Center Directors; and the Technical Authorities, who are individuals with
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specifically delegated authority in Engineering, Safety and Mission Assurance, and Health
and Medical.

The Engineering, Safety and Mission Assurance, and Health and Medical organizations are a
unique segment of the Institutional Authority. They support programs and projects in two
ways:

1. They provide technical personnel and support and oversee the technical work of
personnel who provide the technical expertise to accomplish the program or project
mission.

2. They provide Technical Authorities, who independently oversee programs and projects.
These individuals have a formally delegated Technical Authority role traceable to the
Administrator and are funded independent of programs and projects.

(See Section 5.2 for more detail on the Technical Authorities.)

Each of these authorities plays a unique role in the execution of programs and projects. For
example, with respect to requirements:

e Programmatic Authorities are responsible for “programmatic requirements” and focus
on the products to be developed and delivered that specifically relate to the goals and
objectives of a particular NASA program or project. These programmatic requirements
flow down from the Agency’s strategic planning process.

e Institutional Authorities are responsible for “institutional requirements” and focus on
how NASA does business. “Institutional requirements” are independent of any program
or project. These requirements are issued by NASA Headquarters (including the Office
of the Administrator and mission support offices) and by Center organizations.
Institutional requirements may respond to Federal statute, regulation, treaty, or
Executive order.

(For more information on the Programmatic and Institutional Authorities and the roles and
responsibilities of these authorities, see Section 5.1, NASA Governance and Appendix D.)

The “Types of Requirements” box provides definitions for some basic types of
requirements. See Appendix A for definitions of these and other types of requirements.
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Types of Requirements

Programmatic Requirements. Focus on space flight products to be developed and delivered that
specifically relate to the goals and objectives of a particular program or project. They are the responsibility
of the Programmatic Authority.

Institutional Requirements. Focus on how NASA does business independent of a particular program or
project. They are the responsibility of the applicable Institutional Authority.

Allocated Requirements. Established by dividing or otherwise allocating a high-level requirement into
lower-level requirements.

Derived Requirements. Arise from:

e Constraints or consideration of issues implied but not explicitly stated in the higher-level direction
originating in Headquarters and Center institutional requirements or

e Factors introduced by the architecture and/or the design.

These requirements are finalized through requirements analysis as part of the overall systems
engineering process and become part of the program/project requirements baseline.

Technical Authority Requirements. A subset of institutional requirements invoked by the Office of the
Chief Engineer (OCE), the Office of Safety and Mission Assurance (OSMA), and the Office of the Chief
Health and Medical Officer (OCHMO) documents (e.g., NASA Procedural Requirements (NPRs) or
technical standards cited as program or project requirements or contained in Center documents). These
requirements are the responsibility of the office or organization that established the requirement unless
delegated elsewhere.

Additional types of requirements are defined in Appendix A.

2.4 NASA Programs

As a strategic management structure, the program construct is extremely important within
NASA. Programs provide the critically important linkage between the Agency’s strategic
goals and the projects that are the specific means for achieving them.

NASA space flight programs are initiated and implemented to accomplish scientific or
exploration goals that generally require a collection of mutually supporting projects.
Programs integrate and manage these projects over time and provide ongoing enabling
systems, activities, methods, technology developments, and feedback to projects and
stakeholders. Programs are generally created by a Mission Directorate with a long-term
time horizon in mind. Programs are generally executed at NASA Centers under the
direction of the Mission Directorate and are assigned to Centers based on decisions made
by Agency senior management consistent with the results of the Agency’s strategic
acquisition process.
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The strategic acquisition process is the Agency process for ensuring that NASA’s strategic
vision, programs, projects, and resources are properly developed and aligned throughout the
mission and life cycle. (See NPD 1000.0, NASA Governance and Strategic Management
Handbook, and NPD 1000.5, Policy for NASA Acquisition, for additional information on the
strategic acquisition process.)

(For additional information on the strategic acquisition process, refer to Sections 3.3.1
and 4.3.1.1.)

Because the scientific and exploration goals of programs vary significantly in scope,
complexity, cost, and criticality, different program management strategies are required
ranging from simple to complex. To accommodate this variety, the Agency has developed
three different life cycles for four different program types: uncoupled, loosely coupled,
tightly coupled, and single-project programs. These life cycles are illustrated in figures in
Chapter 3 and show the program life-cycle phases; program life-cycle gates and major
events, including KDPs; major program LCRs; and the process of recycling through
Formulation when program changes warrant such action.

All types of NASA programs have a common life-cycle management process:

e Program Formulation is designed to establish a cost-effective program that is
demonstrably capable of meeting Agency and Mission Directorate goals and objectives.
During Formulation, the program team derives a technical approach, develops and
allocates program requirements to initiate project activities, develops preliminary
designs (when applicable), develops organizational structures and management
systems, defines the program acquisition strategies, establishes required annual
funding levels, and develops preliminary cost and schedule estimates.

e Program Implementation begins when the program receives approval to proceed to
Implementation with the successful completion of KDP I (KDP C for single-project
programs). Implementation encompasses program acquisition, operations, and
sustainment, during which constituent projects are initiated. Constituent projects’
formulation, approval, implementation, integration, operation, and ultimate
decommissioning are constantly monitored. The program is adjusted to respond as
needs, risks, opportunities, constraints, resources, and requirements change, managing
technical and programmatic margins and resources to ensure successful completion of
Implementation.

Independent evaluation activities occur throughout all phases.

2.5 NASA Projects

Like programs, projects vary in scope and complexity and thus have varying levels of
management requirements and Agency attention and oversight. Projects are assigned to a
category that defines the Agency expectations for the project manager and determines the
project’s oversight council and the specific approval requirements that apply.
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Projects are assigned to Category 1, 2, or 3 based initially on:

e The project_Life-Cycle Cost Estimate (LCCE), the inclusion of significant radioactive
material, 1% and whether the system being developed is for Human Space Flight (HSF);
and

e The priority level, which is related to the importance of the activity to NASA, the extent
of international participation (or joint effort with other government agencies), the
degree of uncertainty surrounding the application of new or untested technologies, and
spacecraft and/or payload development risk classification.

Projects that plan continuing operations and production, including integration of capability
upgrades, with an unspecified Phase E end point are assigned to Category 1 unless
otherwise agreed to by the Decision Authority. (See NPR 7120.5F, NASA Space Flight
Program and Project Management Requirements, Section 2.1 and Table 2-1, and Table 4-1 in
this handbook for a table of project categorization guidelines and NPR 8705.4, Risk
Classification for NASA Payloads for payload risk classification guidelines.)

The Life-Cycle Cost (LCC) of the project includes all costs, including all Unallocated Future
Expenses (UFE) and funded schedule margins for formulation and development through
prime mission operations (the mission operations as defined to accomplish the prime mission
objectives) to disposal, excluding extended operations.

Tightly coupled programs document their LCCE in accordance with the life-cycle scope
defined in the Formulation Authorization Document (FAD) or Program Commitment
Agreement (PCA). Projects that are part of these programs document their LCCE in
accordance with the life-cycle scope defined in their program’s Program Plan, FAD or PCA, or
the project’s FAD.

Single-project programs and projects that plan continuing operations and production,
including integration of capability upgrades, with an unspecified Phase E end point, define an
initial capability during Phase A and document the initial capability scope by KDP B. Initial
capability is the first operational mission flight (or as defined in the KDP B Review Plan) and
is documented in the KDP B Decision Memorandum. The scope of the initial capability is also
documented in the PCA, the Program Plan, and the Project Plan.

All categories of NASA projects have a common life cycle. (See Chapter 4 for a detailed
explanation of the project life cycle.) The common life cycle includes the following:

e Although not part of the project life cycle, a Mission Directorate, typically supported by
a program office, provides resources for concept studies (i.e., Pre-Phase A Concept
Studies) prior to initiating a new project. These pre-Formulation activities involve
Design Reference Mission (DRM) analysis, feasibility studies, technology needs analyses,

10 Significant radioactive material is defined as levels of radioactive material onboard the spacecraft and/or
launch vehicle that require nuclear launch authorization by the NASA Administrator or Executive Office of the
President as described in NPR 8715.26, Nuclear Flight Safety. See also Section 4.4.3.3 in this handbook.
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engineering systems assessments, and analyses of alternatives that typically are
performed before a specific project concept emerges. Pre-Formulation activities include
identifying risks that are likely to drive the project’s cost and schedule and developing
mitigation plans for those risks. Note that pre-Formulation costs are not included in
LCCEs.

e Project Formulation comprises two sequential phases: Phase A (Concept and
Technology Development) and Phase B (Preliminary Design and Technology
Completion). NASA places significant emphasis on project pre-Formulation and
Formulation to ensure adequate preparation of project concepts and plans and
mitigation of high-risk aspects of the project essential to position the project for the
highest probability of mission success. During Formulation, the project explores the full
range of implementation options, defines an affordable project concept to meet
requirements, and develops needed technologies. The activities in these phases include
developing the system architecture; completing mission and preliminary system
designs; planning acquisitions; conducting safety, technical, cost, and schedule risk
trades; developing time-phased cost and schedule estimates and documenting the basis
of these estimates; and preparing the Project Plan for Implementation. For projects
with a LCC greater than $250 million, these activities allow the Agency to present to
external stakeholders time-phased cost plans and schedule range estimates at KDP B
and high-confidence cost and schedule commitments at KDP C.

e AtKDP C, Project Approval for Implementation, the Decision Authority approves or
disapproves the transition to Implementation and the technical scope, cost estimate,
and schedule estimate.

e Project Implementation comprises Phases C, D, E, and F. During Phase C (Final Design
and Fabrication) and Phase D (System Assembly, Integration and Test, Launch and
Checkout), the primary activities are developmental in nature, including acquisition
contract execution. Phase C includes completion of final system design and the
fabrication, assembly, and test of components, assemblies, and subsystems. Phase D
includes system assembly, integration, and test; prelaunch activities; launch; and on-
orbit checkout (robotic projects) or initial operations (human space flight projects). All
activities are executed according to the Project Plan developed during Formulation.
KDP E marks approval to launch. After successful on-orbit checkout or initial operations,
the project transitions to Phase E. The start of Phase E (Operations and Sustainment)
marks the transition from system development and acquisition activities to primarily
systems operations and sustainment activities. In Phase F (Closeout), project space
flight and associated ground systems are taken out of service and safely disposed of,
although scientific and other analyses might continue under project funding.
Independent evaluation activities occur throughout all phases.
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2.6 Interrelationships Between NASA Programs and Projects

Figure 2-4 summarizes the NASA life cycles for space flight programs and projects and
provides an overview of their interrelated life-cycle management processes.
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3 Program Life Cycles, Oversight, and
Activities by Phase

3.1 NASA Programs

A program implements a strategic direction that the Agency has identified as needed to
accomplish Agency goals and objectives. Because the scientific and exploration goals of
programs vary significantly in scope, complexity, cost, and criticality, different program
management strategies are required ranging from simple to complex. To accommodate
these differences, NASA identifies four basic types of programs that may be employed:

Single-project programs (e.g., James Webb Space Telescope (JWST)) tend to have long
development and operational lifetimes and represent a large investment of Agency
resources. Multiple organizations or agencies contribute to these programs. Single-
project programs have one project and implement their program objectives and
requirements through one of two management approaches: (1) separate program and
project structures or (2) a combined structure. The requirements for both programs
and projects apply to single-project programs as described in NPR 7120.5.

Uncoupled programs (e.g., Discovery Program) are implemented under a broad theme
(such as planetary science) and/or a common program implementation mechanism
(such as providing flight opportunities for formally competed cost-capped projects or
Principal Investigator (PI)-led missions and investigations). Each project in an
uncoupled program is independent of the other projects within the program.

Loosely coupled programs (e.g., Mars Exploration Program) address specific objectives
through multiple space flight projects of varied scope. While each project has an
independent set of mission objectives, the projects as a whole have architectural and
technological synergies and strategies that benefit the program. For example, Mars
orbiters designed for more than one Mars year in orbit are required to carry a
communication system to support present and future landers.

Tightly coupled programs have multiple projects that execute portions of a mission or
missions. No single project is capable of implementing a complete mission. Typically,
multiple NASA Centers contribute to the program. Individual projects may be managed
at different Centers. The program may also include other agency or international
partner contributions.

311 Program Life Cycles

Programs follow a life cycle that matches their program type. The different life cycles
formalize the program management process. The life cycles for uncoupled and loosely
coupled programs, tightly coupled programs, and single-project programs are shown in
Figures 3-1, 3-2, and 3-3, respectively. These life-cycle figures illustrate the different
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life-cycle phases, gates, and major events, including Key Decision Points (KDPs); major Life-
Cycle Reviews (LCRs); and principal documents that govern the conduct of each phase.
They also show how programs recycle through Formulation when program changes
warrant such action.

Each program life-cycle phase includes one or more LCRs, each designed to provide a
periodic assessment of a program’s technical and programmatic status and health at a key
point in the life cycle. Life-cycle reviews are essential elements of conducting, managing,
evaluating, and approving space flight programs and are an important part of NASA’s
system of checks and balances. Most life-cycle reviews are conducted by the program and
an independent Standing Review Board (SRB). NASA accords special importance to
maintaining the integrity of its independent review process to gain the value of an
independent technical and programmatic perspective.

The Standing Review Board (SRB) is a group of independent experts who assess and evaluate
program and project activities, advise programs and Convening Authorities (see Table 2-2 in
NPR 7120.5), and report their evaluations to the responsible organizations as identified in
Figure 3-6 of this handbook. They are responsible for conducting independent reviews (life
cycle and special) of a program and providing objective, expert judgments to the Convening
Authorities. The reviews are conducted in accordance with approved Terms of Reference
(ToR) and life-cycle requirements per NPR 7120.5 and NPR 7123.1, NASA Systems
Engineering Processes and Requirements. For more detail, see Section 5.10 of this handbook
and NASA/SP-2016-3706, NASA Standing Review Board Handbook.1!

LCRs provide the program and NASA senior management with a credible, objective
assessment of how the program is doing. The final LCR in a program life-cycle phase
provides essential information for the KDP, which marks the end of that life-cycle phase. A
KDP is the point at which a Decision Authority determines whether and how a program
proceeds through the life cycle and authorizes key program cost, schedule, and content
parameters that govern the remaining life-cycle activities. For programs, the Decision
Authority is the NASA Associate Administrator (AA). A KDP serves as a mandatory gate
through which a program must pass to proceed to the next life-cycle phase. During the
period between the LCR and the KDP, the program continues its planned activities unless
otherwise directed by the Decision Authority.

KDPs associated with uncoupled, loosely coupled, and tightly coupled programs are
designated with Roman numerals except for the potential first KDP, which is KDP 0.
Because of the close correlation of steps between a single-project program and project life
cycles, KDPs for single-project programs are designated by letters (KDP A, etc.).

For uncoupled and loosely coupled programs, the Formulation Phase is completed at KDP I
after the program System Definition Review (SDR). Program approval for Implementation
occurs at KDP I. After that, as depicted in Figure 3-1, Program Implementation Reviews

11https://ntrs.nasa.gov/citations /20170000280

NASA Space Flight Program and Project Management Handbook 20



(PIRs) are conducted during the Implementation Phase. (See Section 5.11.3 in this
handbook for guidance on PIRs.) The need for PIRs to assess the program’s performance,
evaluate its continuing relevance to the Agency’s Strategic Plan, and authorize its
continuation is determined in one of two ways:

1. The NASA AA determines the need for a PIR based on the occurrence of a trigger and
discussion with the Convening Authorities. The MDAA or an independent team member
(Technical Authorities (TAs), Office of the Chief Financial Officer (OCFO)) reports to the
NASA AA that a trigger for discussing the need for a PIR has occurred. This is reported
at the Agency Program Management Council (APMC) during the annual review of
Mission Directorate Independent Assessment Manifests. (For considerations that
trigger a discussion on the need for a PIR, see Section 5.11.3.)

2. The NASA AA or MDAA, per their discretion, determine that a PIR is needed.

Tightly coupled programs are more complex as shown in Figure 3-2. Since the program is
intimately tied to its projects, the Formulation Phase mirrors the single-project program
life cycle shown in Figure 3-3, and program approval for Implementation occurs at KDP I
after the program-level Preliminary Design Review (PDR). In the Implementation Phase,
program LCRs generally continue to be tied to the project LCRs to ensure the proper
integration of projects into the larger system. Once a tightly coupled program is in
operations, the need for PIRs to assess the program'’s performance, evaluate its continuing
relevance to the Agency’s Strategic Plan, and authorize its continuation is determined in the
same manner as for uncoupled and loosely coupled programs.

Single-project programs go through similar steps in Formulation and Implementation as
projects. However, because of their size, scope, complexity, and importance to the Agency,
single-project programs have additional program requirements imposed on them. The
management approach for single-project programs can take one of two structures:

1. Separate program and project management organizations, or

2. A combined structure where both program and project functions are integrated, and all
functions are managed and performed by the one organization.

As shown in Figure 3-3, the single-project program transitions from Formulation to
Implementation at KDP C following the single-project program’s PDR. Following approval
at KDP C, the single-project program continues with design, fabrication and/or
manufacturing, system integration, and test leading up to launch and checkout following
KDP E. Once a single-project program is in operations, the need for PIRs to assess the
program’s performance, evaluate its continuing relevance to the Agency’s Strategic Plan,
and authorize its continuation is determined in the same manner as for uncoupled and
loosely coupled programs.
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Figure 3-3 NASA Single-Project Program Life Cycle
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3.1.2 Program Life-Cycle Reviews

The program LCRs identified in the program life cycles are essential elements of conducting,
managing, evaluating, and approving space flight programs. The program manager is
responsible for planning for and supporting the LCRs, which assess the following six
assessment criteria identified in NPR 7120.5:

Alignment with and contribution to Agency strategic goals and the adequacy of
requirements that flow down from those. The scope of this criterion includes, but is
not limited to, alignment of program requirements and designs with Agency strategic
goals, program requirements and constraints, mission needs and success criteria;
allocation of program requirements to projects; and proactive management of changes
in program scope and shortfalls.

Adequacy of management approach. The scope of this criterion includes, but is not
limited to, program authorization, management framework and plans, acquisition
strategies, and internal and external agreements.

Adequacy of technical approach as defined by NPR 7123.1, NASA Systems Engineering
Processes and Requirements entrance and success criteria. The scope of this criterion
includes, but is not limited to, flow down of project requirements to systems and
subsystems, architecture and design, and operations concepts that respond to and
satisfy requirements and mission needs.

Adequacy of the integrated cost and schedule estimate and funding strategy in
accordance with NPD 1000.5, Policy for NASA Acquisition. The scope of this criterion
includes, but is not limited to, cost and schedule control plans; cost and schedule
estimates (prior to KDP I (KDP C for single-project programs)) and baselines (at KDP |
(KDP C for single-project programs)) that are consistent with the program
requirements, assumptions, risks, and margins; Basis of Estimate (BoE); Joint Cost and
Schedule Confidence Level (JCL) (when required); and alignment with planned budgets.

Adequacy and availability of resources other than budget. The scope of this
criterion includes, but is not limited to, planning, availability, competency and stability
of staffing, infrastructure, and the industrial base and supply chain requirements.

Adequacy of the risk management approach and risk identification and
mitigation in accordance with NPR 8000.4, Agency Risk Management Procedural
Requirements and NASA/SP-2011-3422, NASA Risk Management Handbook.12 The scope
of this criterion includes, but is not limited to, risk-management plans, processes (e.g.,
Risk-Informed Decision Making (RIDM) and Continuous Risk Management (CRM)),
open and accepted risks, risk assessments, risk mitigation plans, and resources for
managing and mitigating risks.

12 https: //ntrs.nasa.gov/api/citations /20120000033

NASA Space Flight Program and Project Management Handbook 25



The Joint Cost and Schedule Confidence Level (JCL) is the product of a probabilistic analysis of
the coupled cost and schedule to measure the likelihood of completing all remaining work at
or below the budgeted levels and on or before the planned completion of the development
phase. A JCL is required for all single-project programs (regardless of LCC or initial capability
cost) at KDP C. A JCL is also required for all single-project programs in the event of a
rebaseline during the Implementation phase. For single-project programs with LCC or initial
capability cost 2 $1B, a JCL is also required at KDP B and the Critical Design Review (CDR),
and at KDP D if current reported development costs have exceeded the development ABC cost
by 5 percent or more. The JCL calculation includes consideration of the risk associated with all
elements, whether they are funded from appropriations or managed outside of the program.
JCL calculations include content from the milestone at which the JCL is calculated through the
completion of Phase D activities. Per NPR 7120.5, at KDP B, if applicable, and KDP C, Mission
Directorates plan and budget single-project programs (regardless of LCC or initial capability
cost) based on a 70 percent JCL or as approved by the Decision Authority. At KDP C, Mission
Directorates ensure funding for single-project programs is consistent with the Management
Agreement and in no case less than the equivalent of a 50 percent JCL or as approved by the
Decision Authority.

LCRs are designed to provide the program an opportunity to ensure that it has completed
the work of that phase and an independent assessment of the program’s technical and
programmatic status and health. LCRs are conducted under documented Agency and
Center review processes. (See Section 5.10 and NASA/SP-2016-3706, NASA Standing Review
Board Handbook.)

A life-cycle review that occurs at the end of a life-cycle phase is complete when the governing
PMC and Decision Authority complete their assessment and sign the Decision Memorandum.
The life-cycle review process provides:
e The program with a credible, objective independent assessment of how it is doing.
e NASA senior management with an understanding of whether:

— The program is on track to meet objectives,

— The program is performing according to plan, and

— Impediments to program success are addressed.

e Fora LCR that immediately precedes a KDP, a credible basis for the Decision Authority
to approve or disapprove the transition of the program at the KDP to the next life-cycle
phase.

The independent review also provides vital assurance to external stakeholders that NASA's
basis for proceeding is sound.

The program finalizes its work for the current phase during the LCR. In some cases, the
program uses the life-cycle review meeting(s) to make formal programmatic and technical
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decisions necessary to complete its work. In all cases, the program utilizes the results of the
independent assessment and the resulting management decisions to finalize its work. In
addition, the independent assessment serves as a basis for the program and management
to determine if the program’s work has been satisfactorily completed, and if the plans for
the following life-cycle phases are acceptable. If the program’s work has not been
satisfactorily completed, or its plans are not acceptable, the program addresses the issues
identified during the life-cycle review or puts in place the action plans necessary to resolve
them.

Prior to LCRs, programs conduct internal reviews in accordance with NPR 7123.1, Center
practices, and NPR 7120.5. These internal reviews are key components of the process used
by programs to solidify their plans, technical approaches, and programmatic commitments
and are part of the normal systems engineering work processes defined in NPR 7123.1.
Internal reviews assess major technical and programmatic requirements along with the
system design and other implementation plans. Major technical and programmatic
performance metrics are reported and assessed against predictions.

Any LCR can be either a one-step or a two-step review. The program manager has the
authority to determine which type of review to hold. This determination usually depends
on the state of the program’s cost and schedule maturity as described below. The program
manager documents the program’s review approach in the program Review Plan.

Descriptions of the one-step and two-step life-cycle review processes are provided in
Figures 3-4 and 3-5. These descriptions are written from the perspective of reviews
conducted by a program and an SRB. For life-cycle reviews that do not require an Agency-
led SRB, i.e., MCR, FRR/MRR, PLAR, CERR, PFAR, DR, and DRR, the program manager will
work with the Center Director or designee to prepare for and conduct the life-cycle review
in accordance with Center practices and a Center-assigned independent review team. For
such reviews conducted by the program and a Center independent review team, the
remaining references to SRB are replaced with Center independent review team:

e In aone-step review, the program’s technical maturity and programmatic posture are
assessed together against the six assessment criteria. In this case, the program has
typically completed all its required technical work as defined in NPR 7123.1 life-cycle
review entrance criteria and has aligned the scope of this work with its cost estimate,
schedule, and risk posture before the life-cycle review. The life-cycle review is then
focused on presenting this work to the SRB. Except in special cases, a one-step review is
chaired by the SRB. The SRB assesses the work against the six assessment criteria and
then provides an independent assessment of whether the program has met these
criteria. Figure 3-4 illustrates the one-step life-cycle review process. (A one-step review
for a program is analogous to a one-step review for a project.)
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1. A one-or two-step review may be used for any life-coycle review.
Z. The NASA Standing Review Board Handbook provides information on the readiness assessment, snapshot reports,
and checkpoints associated with life-cycle reviews.

Figure 3-4 One-Step1 PDR Life-Cycle Review Overview

In a two-step review, the program typically has not fully integrated the program’s cost
and schedule with the technical work. In this case, the first step of the life-cycle review
is focused on finalizing and assessing the technical work described in NPR 7123.1.
However as noted in Figure 3-5, which illustrates the two-step life-cycle review process,
the first step does consider the preliminary cost, schedule, and risk as known at the
time of the review. This first step is only one half of the life-cycle review. At the end of
the first step, the SRB will have fully assessed the technical approach criteria but will
only be able to determine preliminary findings on the remaining criteria since the
program has not yet finalized its work. Thus, the second step is conducted after the
program has taken the results of the first step and fully integrated the technical scope
with the cost, schedule, and risk, and has resolved any issues that may have arisen as a
result of this integration. The period between steps may take up to six months
depending on the complexity of the program. In the second step, which may be referred
to as the Independent Integrated Life-Cycle Review Assessment, the program typically
presents the integrated technical, cost, schedule, and risk, just as is done for a one-step
review, but the technical presentations may simply update information provided during
the first step. The SRB then completes its assessment of whether the program has met
the six assessment criteria. In a two-step life-cycle review, both steps are necessary to
fulfill the life-cycle review requirements. Except in special cases, the SRB chairs both
steps of the life-cycle review. (A two-step review for a program is analogous to a two-
step review for a project.)
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1. A one-or two-step review may be used for any life-cycle review.
2. The NASA Standing Review Board Handbook provides information on the readiness assessment, snapshot reports, and checkpoints associated
with life-cycle reviews.

Figure 3-5 Two-Step1 PDR Life-Cycle Review Overview

There are special cases, particularly for human space flight programs, where the program
uses the life-cycle review to make formal decisions to complete the program'’s technical work
and align it with the cost and schedule. In these cases, the program manager may co-chair the
life-cycle review since the program manager is using this forum to make program decisions,
and the SRB will conduct the independent assessment concurrently. The program manager
will need to work with the SRB chair to develop the life-cycle review agenda and agree on how
the life-cycle review will be conducted to ensure that it enables the SRB to fully accomplish the
independent assessment. The program manager and the SRB chair work together to ensure
that the life-cycle review Terms of Reference (ToR) reflect their agreement and the Convening
Authorities approve the approach.

Details on program review activities by life-cycle phase are provided in the sections below.
NASA/SP-2016-3706, NASA Standing Review Board Handbook and Section 5.10 in this
handbook also contain more detailed information on conducting life-cycle reviews. NPR
7123.1 provides life-cycle review entrance and success criteria, and Appendix I in NPR
7120.5F and Appendix E in this handbook provide specifics for addressing the six
assessment criteria required to demonstrate that the program has met the expected
maturity state for the KDP.
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3.1.3 Other Reviews and Resources

Special reviews may be convened by the Office of the Administrator, the Mission
Directorate Associate Administrator (MDAA), Center Director, the Technical Authorities
(TAs),13 or other Convening Authority. Special reviews may be warranted for programs not
meeting expectations for achieving safety, technical, cost, or schedule requirements; not
being able to develop an enabling technology; or experiencing some unanticipated change
to the program baseline. Special reviews include a Rebaseline Review and Termination
Review. Rebaseline Reviews are conducted when the Decision Authority determines the
Agency Baseline Commitment (ABC) needs to be changed. (For more detail on Rebaseline
Reviews, see Section 5.5.5.1. For more detail on the ABC, see Sections 3.2.4 and 5.5.1.) A
Termination Review may be recommended by a Decision Authority, MDAA, or program
executive if he or she believes it may not be in the Government’s best interest to continue
funding a program.

Other reviews, such as Safety and Mission Assurance (SMA) reviews, are part of the regular
management process. For example, SMA Compliance Verification reviews are spot reviews
that occur on a regular basis to ensure programs are complying with NASA safety
principles and requirements. For more detail on Termination Reviews and SMA reviews,
see Section 5.11.

Other resources are also available to help a program manager evaluate and improve
program performance. These resources include:

e The NASA Engineering and Safety Center (NESC), an independently funded organization
with a dedicated team of technical experts, provides objective engineering and safety
assessments of critical, high-risk programs. NESC is a resource to benefit programs and
organizations within the Agency, the Centers, and the people who work there by
promoting safety through engineering excellence that is unaffected and unbiased by the
programs it is evaluating. The NESC mission is to proactively perform value-added
independent testing, analysis, and assessments to ensure safety and mission success
and help NASA avoid future problems. Programs seeking an independent assessment or
expert advice on a particular technical problem can contact the NESC at
http://www.nasa.gov/offices/nesc/contacts/index.html or the NESC Chief Engineer at
their Center.

e The NASA Independent Verification and Validation (IV&V) Facility strives to improve
the software safety, reliability, and quality of NASA programs and missions through
effective applications of systems and software IV&V methods, practices, and techniques.
The NASA IV&V Facility applies software engineering best practices to evaluate the
correctness and quality of critical and complex software systems. When applying
systems and software [V&V, the NASA IV&V Facility seeks to ensure that the software
exhibits behaviors exactly as intended, does not exhibit behaviors that were not

13 That is, individuals with specifically delegated authority in Engineering (ETA), Safety and Mission
Assurance (SMA TA), and Health and Medical (HMTA). See 5.2 for more information on Technical Authorities.
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intended, and exhibits expected behaviors under adverse conditions. Software IV&V has
been demonstrated to be an effective technique on large, complex software systems to
increase the probability that software is delivered within cost and schedule, and that
software meets requirements and is safe. When performed in parallel with systems
development, software IV&V provides for the early detection and identification of risk
elements, enabling early mitigation of the risk elements. For projects that either are
required or desire to do software [IV&V, contact information is available on the
Katherine Johnson IV&V Facility home page at
http://www.nasa.gov/centers/ivv/home/index.html. (All Category 1 projects; all
Category 2 projects that have Class A or Class B payload risk classification per NPR
8705.4, Risk Classification for NASA Payloads; and projects specifically selected by the
NASA Chief, Safety and Mission Assurance (SMA) are required to do software IV&V. See
NPR 7120.5F and Section 4.1 in this handbook for project categorization guidelines.)

314 Program Evolution and Recycling

A program may evolve over time in ways that require it to go back and restart parts of its
life cycle. A program may evolve as a result of a planned series of upgrades, with the
addition of new projects, when the need for new capabilities is identified, or when a new
mission is assigned to the program.

For tightly coupled and single project programs, when the requirements imposed on a
program significantly change, the program typically evaluates whether the changes impact
the program’s current approved approach and/or system design and performance. In these
cases, the Decision Authority may ask the program to go back through the necessary
life-cycle phases and reviews and update program documentation to ensure that the
changes have been properly considered in light of the overall program and/or system
performance. Each case is likely to be different and thus may not require completely
restarting the process at the beginning. The decision on when and where to recycle through
the life-cycle reviews will be based on a discussion between the program, the Mission
Directorate, and the Decision Authority. This case is depicted in Figures 3-2 and 3-3 as the
“Reenters life cycle as appropriate based on upgrade needed after flight” arrows. As an
example, after the Hubble Space Telescope (HST) was deployed in April 1990 and was in
operations, a component for the HST started back through the life cycle. The Corrective
Optics Space Telescope Axial Replacement (COSTAR) program for correcting the optics of
the HST was required to repeat a concept definition phase after approval in January 1991
and start back through the life cycle at the PDR.

There are also cases of evolution for a single-project program where operational reusable
systems are refurbished after each flight or modifications are required between flights. A
program going back through a part of its life cycle is depicted in Figure 3-3 on the “Reflight”
line.
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Single-project programs that plan continuing operations and production, including
integration of capability upgrades, with an unspecified Phase E end point, may implement
major upgrades, i.e., upgrades that meet the Agency criteria for a major project for external
reporting. These upgrades enter the life cycle at the appropriate life-cycle review in the
Formulation Phase. (See Section 3.5.1 for additional information on these major upgrades.)

For uncoupled and loosely coupled programs, program evolution is also possible. An
example of a simple change to an uncoupled program that might warrant performing
another SDR and subsequent program reapproval might be the addition of a new science
discipline to the program that requires a totally different implementation approach. In this
case, the Decision Authority may wish to have the program evaluated to ensure the
program’s approach is satisfactory.

3.1.5 Program Tailoring

Program teams are expected to tailor the requirements of NPR 7120.5 to meet the specific
needs of the program. When a program team and its management determine that a
requirement is not needed, the process for tailoring that requirement requires getting
permission from the requirement owner. Tailoring can be done using the Compliance
Matrix attached to the Program Plan. Tailoring of NPR 7120.5F requirements is approved
when the proper authorities for the Program Plan and the requirement owners (indicated
in the Compliance Matrix) have signed off on the tailoring. Tailoring processes, consultation
and assistance, guidance, and resources to help the program manager tailor requirements
can be found in Section 5.4 of this handbook, Appendix C of NPR 7120.5F, and the Agency
Tailoring Website.14 Resources available on the Agency Tailoring Website include:

e The full Compliance Matrix.

e Pre-customized Compliance Matrix templates that eliminate non-applicable
requirements for specific types of programs and projects.

e Points of Contact provided by HQ requirements owners and some Mission Directorates
for consulting with and assisting programs and projects in developing their tailoring
approach and in obtaining approval for tailoring.

e Information on how the NASA Program and Project Management Board (PPMB) may assist
programs and projects in tailoring requirements and provide guidance through the tailoring
process.

e Guidance documents for developing a program’s tailoring approach provided by some HQ
requirements owners (e.g., OCE, OCFO).

e Guidance documents from some Mission Directorates for developing a program’s tailoring
approach.

14 https: //appel.nasa.gov/npr-7120-5-tailoring-resources
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The full Compliance Matrix (NPR 7120.5 Rev F Compliance Matrix) can also be found on the
OCE tab in NODIS under “Other Policy Documents.”

Tailoring allows programs to perform only those activities that are needed for mission
success while still meeting Agency external requirements and receiving the benefits of
NASA policy, reflecting lessons learned and best practice. Program managers are
encouraged to thoughtfully examine and tailor requirements so programs perform only
those requirements that contribute to achieving mission success. Requirements imposed
by Federal law or external entities generally cannot be waived.

The Agency’s directives, procedural requirements, standards, and handbooks have been
developed to assist program managers in achieving mission success by establishing
requirements and best practices. It is not possible to generate the proper requirements and
guidelines for every possible scenario. Program managers work with their Center and the
Mission Directorate when tailoring to ensure that all parties agree with the proposed
approach.

3.2 Program Oversight and Approval

NASA has established a program management oversight process to ensure that the
experience, diverse perspectives, and thoughtful programmatic and technical judgment at
all levels is available and applied to program activities. The Agency employs management
councils and management forums, such as the Baseline Performance Review (BPR), to
provide insight to upper management on the status and progress of programs and their
alignment with Agency goals. This section describes NASA’s oversight approach and the
process by which programs are approved to move forward through their life cycles. It
defines and describes NASA’s Decision Authority, KDPs, management councils, and the BPR.
(See Section 3.2.5 for information on the BPR and Section 4.2.2 for more information on
management councils for projects.)

The general flows of the program oversight and approval process for LCRs that require
SRBs and of the periodic reporting activity for programs are shown in Figure 3-6. Prior to
the LCR, the program conducts its internal reviews. Then the program and the SRB conduct
the LCR. Finally, the results are reported to senior management through the management
councils.
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Figure 3-6 Program Life-Cycle Review Process and Periodic Reporting Activity

Additional insight is provided by the independent perspective of SRBs at LCRs identified in
Figures 3-1, 3-2, and 3-3. Following each LCR, the independent SRB chair and the program
manager brief the applicable management councils on the results of the LCR to support the
councils’ assessments. These briefings are completed within 30 days of the LCR. The 30
days ensures that the Decision Authority is informed in a timely manner as the program
moves forward to preclude the program from taking action that the Decision Authority
does not approve. These briefings cover the objectives of the review; the maturity expected
at that point in the life cycle; findings and recommendations to rectify issues or improve
mission success; the program’s response to these findings; and the program’s proposed
cost, schedule, safety, and technical plans for the follow-on life-cycle phases. This process
enables a disciplined approach for developing the Agency’s assessment, which informs the
Decision Authority’s KDP determination of program readiness to proceed to the next life-
cycle phase. LCRs are conducted under documented Agency and Center review processes.

3.21 Decision Authority

The Decision Authority is the Agency individual who makes the KDP determination on
whether and how the program proceeds through the life cycle and authorizes the key
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program cost, schedule, and content parameters that govern the remaining life-cycle
activities. The NASA AA is the Decision Authority for all programs.

The Decision Authority is the individual authorized by the Agency to make important
decisions on programs and projects under their purview. The Decision Authority makes the
KDP decision by considering a number of factors, including technical maturity; continued
relevance to Agency strategic goals; adequacy of cost and schedule estimates; associated
probabilities of meeting those estimates (confidence levels); continued affordability with
respect to the Agency’s resources; maturity and the readiness to proceed to the next phase;
and remaining program risk (safety, cost, schedule, technical, management, and
programmatic). The NASA AA signs the Decision Memorandum as the Decision Authority for
programs at the KDP. This signature indicates that the Decision Authority, as the approving
official, has been made aware of the technical and programmatic issues within the program,
approves the mitigation strategies as presented or with noted changes requested, and accepts
technical and programmatic risk on behalf of the Agency.

3.2.2 Management Councils
3.2.21 Program Management Councils

At the Agency level, NASA Headquarters has two levels of Program Management Councils
(PMCs): the Agency PMC (APMC) and the Mission Directorate PMCs (DPMCs). The PMCs
evaluate the safety, technical, and programmatic performance (including cost, schedule,
risk, and risk mitigation) and content of a program under their purview for the entire life
cycle. These evaluations focus on ensuring that the program is meeting its commitments to
the Agency and is successfully achieving the Agency’s strategic goals.

For all programs, the governing PMC is the APMC. The APMC is chaired by the NASA AA and
comprises Headquarters senior managers and Center Directors. The council members
advise the AA in his or her role as the PMC Chair and Decision Authority. The APMC:

e Ensures that NASA is meeting the commitments specified in the relevant management
documents for program performance and mission assurance.

e Ensures implementation and compliance with NASA program management processes
and requirements.

e Reviews programs routinely, including the institutional ability to support program
commitments.

e Approves PCAs.
e Reviews special and out-of-cycle assessments.
e Approves the Mission Directorate strategic portfolio and its associated risk.

As the governing PMC for programs, the APMC evaluates programs in support of KDPs. A
KDP normally occurs at the APMC review as depicted in Figure 3-6. The APMC makes a
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recommendation to the NASA AA on a program'’s readiness to progress in its life cycle and
provides an assessment of the program'’s proposed cost, schedule, and content parameters.
The NASA AA, as the Decision Authority for programs, makes the KDP determination on
whether and how the program progresses in its life cycle and authorizes the key program
cost, schedule, and content parameters that govern the remaining life-cycle activities.
Decisions are documented in a formal Decision Memorandum, and actions are tracked in a
Headquarters tracking system such as the Headquarters Action Tracking System (HATS).
(See Section 3.2.4 and Section 5.5.6 for a description of the Decision Memorandum.)

A Directorate PMC (DPMC) provides oversight for the MDAA and evaluates all programs
executed within that Mission Directorate. The DPMC is usually chaired by the MDAA and
comprises senior Headquarters executives from that Mission Directorate. The MDAA may
delegate the chairmanship to one of the senior executives. The activities of the DPMC are
directed toward periodically (usually monthly) assessing program performance and
conducting in-depth program assessments at critical milestones. The DPMC makes
recommendations regarding:

e Initiation of new programs based on the results from advanced studies.
e Transition of ongoing programs from one phase of the program life cycle to the next.

e Action on the results of periodic or special reviews, including rebaselining or
terminating programs.

The results of the DPMC are documented and include decisions made and actions to be
addressed. The MDAA may determine that a program is not ready to proceed to the APMC
and may direct corrective action. If the program is ready to proceed, the MDAA carries
forward the DPMC findings and recommendations to the APMC.

3.2.2.2 Center Management Council

Centers have a Center Management Council (CMC) that provides oversight and insight for
the Center Director (or designee) for all program work executed at that Center. The CMC
evaluation focuses on whether Center engineering, SMA, health and medical, and
management best practices (e.g., program management, resource management,
procurement, institutional) are being followed by the program under review; whether
Center resources support program requirements; and whether the program is meeting its
approved plans successfully. As chair of the CMC, the Center Director (or designee) may
provide direction to the program manager to correct program deficiencies with respect to
these areas. However, with respect to programmatic requirements, budgets, and schedules,
the Center Director does not provide direction but only recommendations to the program
manager, Mission Directorate, or Agency leadership. The CMC also assesses program risk
and evaluates the status and progress of activities to identify and report trends and provide
guidance to the Agency and affected programs. For example, the CMC may note a trend of
increasing risk that potentially indicates a bow wave of accumulating work or may
communicate industrial base issues to other programs that might be affected. Prior to KDPs,
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the Center Director, as CMC chair, provides the Center’s findings and recommendations to
program managers and to the DPMC and APMC regarding the performance, technical, and
management viability of the program. This includes making recommendations to the
Decision Authority at KDPs regarding the ability of the program to execute successfully.
(Figure 3-6 shows this process.) These recommendations consider all aspects (including
safety, technical, programmatic, and major risks and strategy for their mitigation) and are
supported by independent analyses, when appropriate.

In accordance with NPR 7120.5: “Center Directors are responsible and accountable for all
activities assigned to their Center. They are responsible for the institutional activities and for
ensuring the proper planning for and successful execution of programs and projects assigned
to the Center.” This means that the Center Director is responsible for ensuring that programs
develop plans that are executable within the guidelines from the Mission Directorate and that
these programs are executed within the approved plans. In cases where the Center Director
believes a program cannot be executed within approved guidelines and plans, the Center
Director works with the program and Mission Directorate to resolve the problem. (See Section
5.1.2 for additional information on Center Directors’ responsibilities.)

The relationship of the various management councils to each other is shown in Figure 3-7.

NASA Space Flight Program and Project Management Handbook 37



Governing PMC PY ® > APMC
Assessment
A
L )
‘/V V\‘
c Mission
8 Directorate ® @ ® > DPMC
g Assessment
s| | )
“_E AN )
“6 Ve ™
o
w
Center 2 o > CMC
Assessment
L )
e N\
Life-Cycle
Review and
Program < RB
Independent s D S
Assessment
AN )

Figure 3-7 Management Council Reviews in Support of KDPs
3.2.2.3 Integrated Center Management Councils

An Integrated Center Management Council (ICMC) is generally used for any program
conducted by multiple Centers. This is particularly true for tightly coupled programs. The
ICMC performs the same functions as the CMC but includes the Center Director (or
representative) from each Center responsible for management of a project within the
program and each Center with a substantial program development role. The ICMC is
chaired by the Center Director (or representative) of the Center responsible for program
management.

When an ICMC is used to oversee the program, the participating Centers work together to
define how the ICMC will operate, when it will meet, who will participate, how decisions
will be made, and how Formal Dissents will be resolved. (See Section 5.3 on Formal
Dissent.) In general, final decisions are made by the chair of the ICMC. When a participating
Center Director disagrees with a decision made at the ICMC, the standard Formal Dissent
process is used. As an example, this would generally require that the NASA Chief Engineer
resolve disagreements for engineering or program management policy issues.
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3.23 Key Decision Points

At Key Decision Points (KDPs), the Decision Authority reviews all the materials and
briefings at hand to determine the program’s maturity and readiness to progress through
the life cycle and authorizes the content, cost, and schedule parameters for the ensuing
phase(s). KDPs conclude the life-cycle review at the end of a life-cycle phase. A KDP is a
mandatory gate through which a program must pass to proceed to the next life-cycle phase.

A life-cycle review that occurs at the end of a life-cycle phase is complete when the governing
PMC and Decision Authority complete their assessment and sign the Decision Memorandum.
The potential outcomes at a KDP include the following:

e Approval to enter the next program phase, with or without actions.

e Approval to enter the next phase, pending resolution of actions.

e Disapproval for continuation to the next phase. In such cases, follow-up actions may
include:

— Arequest for more information and/or a follow-up review that addresses significant
deficiencies identified as part of the life-cycle review preceding the KDP;

— Arequest for a Termination Review;

— Direction to continue in the current phase; or

— Redirection of the program.
The KDP decision process is supported by submitting the appropriate KDP readiness
products to the Decision Authority and APMC members. This material includes:

e The program’s proposed cost, schedule, safety, and technical plans for their follow-on
phases. This includes the proposed preliminary and final baselines.

¢ Summary of accepted risks and waivers.

e Program documents or updates signed or ready for signature; e.g., the program
Formulation Authorization Document (FAD), Program Plan, Program Commitment
Agreement (PCA), Formulation Agreement (single-project programs), Memoranda of
Understanding (MOUs), and Memoranda of Agreement (MOAs).

e Summary status of action items from the previous KDP (with the exception of KDP 0/A).
e Draft Decision Memorandum and supporting data. (See Section 3.2.4.)

e The program manager recommendation.

e The final SRB Management Briefing Package.

e The CMC or ICMC recommendation.

e The MDAA recommendation.
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e The governing PMC review recommendation.

After reviewing the supporting material and completing discussions with all parties, the
Decision Authority determines whether and how the program proceeds and approves any
additional actions. These decisions are summarized and recorded in the Decision
Memorandum. The Decision Authority completes the KDP process by signing the Decision
Memorandum. The expectation is to have the Decision Memorandum signed by concurring
members as well as the Decision Authority at the conclusion of the governing PMC KDP
meeting. (See more information on the Decision Memorandum, including signatories and
their respective responsibilities in Section 5.5.7.)

The Decision Authority archives the KDP documents with the Agency Chief Financial
Officer, and the program manager attaches the approved Decision Memorandum to the
Program Plan. Any appeals of the Decision Authority’s decisions go to the next higher
Decision Authority, who (for programs) is the NASA Administrator.

3.24 Decision Memorandum, Management Agreement, and Agency Baseline
Commitment

The Decision Memorandum is a summary of key decisions made by the Decision Authority
ata KDP, or, as necessary, in between KDPs. Its purpose is to ensure that major program
decisions and their basis are clearly documented and become part of the retrievable
records. The Decision Memorandum supports the clearly defined roles and responsibilities
and a clear line of decision making and reporting documented in the official program
documentation.

When the Decision Authority approves the program’s entry into the next phase of the life
cycle at a KDP, the Decision Memorandum describes this approval and the key program
cost, schedule, and content parameters authorized by the Decision Authority that govern
the remaining life-cycle activities. The Decision Memorandum also describes the
constraints and parameters within which the Agency and the program manager will
operate, i.e.,, the Management Agreement, the extent to which changes in plans may be
made without additional approval, and any additional actions from the KDP.

The Management Agreement contained within the Decision Memorandum defines the
parameters and authorities over which the program manager has management control. A
program manager has the authority to manage within the Management Agreement and is
accountable for compliance with the terms of the agreement. The Management Agreement,
which is documented at every KDP, may be changed between KDPs as the program matures
with approval from the Decision Authority. The Management Agreement typically is viewed as
a contract between the Agency and the program manager and requires renegotiation and
acceptance if it changes.

During Formulation, the Decision Memorandum documents the key parameters related to
work to be accomplished during each phase of Formulation. It also documents a target
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Life-Cycle Cost (LCC) or initial capability cost range (and schedule range, if applicable) that
the Decision Authority determines is reasonable to accomplish the program. (For
uncoupled and loosely coupled programs, the LCC range may be represented merely as a
single annual funding limit consistent with the budget.) Given the program’s lack of
maturity during Formulation, the LCC or initial capability cost range reflects the broad
uncertainties regarding the program’s scope, technical approach, safety objectives,
acquisition strategy, implementation schedule, and associated costs. When applicable, the
range is also the basis for coordination with the Agency’s stakeholders, including the White
House and Congress. Tightly coupled programs document their Life-Cycle Cost Estimate
(LCCE) in accordance with the life-cycle scope defined in their FAD or PCA. (Projects that
are part of tightly coupled programs document their LCCE or initial capability cost estimate
in accordance with the life-cycle scope defined in their program’s Program Plan, PCA or
FAD, or the project’s FAD.)

Single-project programs that plan continuing operations and production, including
integration of capability upgrades, with an unspecified Phase E end point, define an initial
capability during Phase A and develop an initial capability cost. Initial capability is the first
operational mission flight (or as defined in the KDP B Review Plan) and is documented in the
KDP B Decision Memorandum. The scope of the initial capability is also documented in the
PCA and Program Plan.

During Implementation, the Decision Memorandum documents the parameters for the
entire life cycle of the program. At this point, the approved LCCE or initial capability cost
estimate of the program is no longer documented as a range but instead as a single number.
The LCCE includes all costs, including all Unallocated Future Expenses (UFE) and funded
schedule margins, for development through prime mission operation to disposal, excluding
extended operations.!> The initial capability cost estimate is the total of the direct, indirect,
recurring, nonrecurring, and other related expenses both incurred and estimated to be
incurred with the scope of the initial capability.

Unallocated Future Expenses (UFE) are the portion of estimated cost required to meet the
specified confidence level that cannot yet be allocated to the specific Work Breakdown
Structure (WBS) subelements because the estimate includes probabilistic risks and specific
needs that are not known until these risks are realized. (For programs and projects that are
not required to perform probabilistic analysis, the UFE should be informed by the program or
project’s unique risk posture in accordance with Mission Directorate and Center guidance and
requirements. The rationale for the UFE, if not conducted using a probabilistic analysis,
should be appropriately documented and be traceable, repeatable, and defendable.) UFE may
be held at the program level and the Mission Directorate level.

15 Tightly coupled programs document their life-cycle cost estimate in accordance with the life-cycle scope
defined in the Formulation Authorization Document (FAD) or Program Commitment Agreement (PCA).
Single-project programs that plan continuing operations and production, including integration of capability
upgrades, with an unspecified Phase E end point do not use extended operations.
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Extended operations are conducted after the planned prime mission operations are complete.
(The planned prime mission operations period is defined in a program’s FAD or PCA and in a
project’s FAD.)

e Extended operations may be anticipated when the PCA or FAD is approved, but the
complexity and duration of the extended operations cannot be characterized. Examples of
this case include long-duration programs such as the space shuttle and space station
programs.

e Alternatively, the need for extended operations may be identified later as the program or
project is nearing the completion of its planned prime mission operations period.
Examples include cases when extended operations contribute to the best interests of the
Nation and NASA. For example, a mission may become vital to the success of programs run
by another Federal agency, such as the need for mission data for terrestrial or space
weather predictions by the National Oceanic and Atmospheric Administration (NOAA).
NASA'’s best interest may include continuing value to compelling science investigations
that contribute to NASA’s strategic goals.

All extended operations periods need to be approved. The approval process is determined by
the program or project’s Mission Directorate and may require Agency-level approval.
Program or project documentation, such as the Program or Project Plan, needs to be revised
to continue the mission into extended operations.

Single-project programs establish a program baseline, called the Agency Baseline
Commitment (ABC), at approval for Implementation (KDP C). The ABC and other key
parameters are documented in the Decision Memorandum.

The Agency Baseline Commitment (ABC) is an integrated set of program requirements, cost,
schedule, technical content, and JCL. The ABC cost is equal to the program LCC or initial
capability cost approved by the Agency at approval for Implementation. The ABC is the
baseline against which the Agency’s performance is measured during the Implementation
Phase of a program. Only one official baseline exists for a program, and it is the ABC. The ABC
for single-project programs forms the basis for the Agency’s external commitment to the U.S.
Office of Management and Budget (OMB) and Congress and serves as the basis by which
external stakeholders measure NASA’s performance for these programs. Changes to the ABC
are controlled through a formal approval process. An ABC is not required for loosely coupled
programs, uncoupled programs, or tightly coupled programs.

(See Section 5.5 for a detailed description of maturing, approving, and maintaining
program plans, LCCs, initial capability cost, baselines, and commitments and for additional
information on the Decision Memorandum and Management Agreement.)

3.25 Management Forum: Baseline Performance Review

NASA’s Baseline Performance Review (BPR) serves as NASA’s monthly, internal senior
performance management review, integrating Agency-wide communication of
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performance metrics, analysis, and independent assessment for both mission and mission
support programs, projects, and activities. While not a council, the BPR is closely linked
with the councils and integral to council operations. As an integrated review of institutional,
program, and project activities, the BPR highlights interrelated issues that impact
performance and program and project risk enabling senior management to quickly address
issues, including referral to the governing councils for decision, if needed. The BPR forum
fosters communication across organizational boundaries to identify systemic issues and
address mutual concerns and risks. The BPR is the culmination of all the Agency’s regular
business rhythm performance monitoring activities, providing ongoing performance
assessment between KDPs. The BPR is also used to meet requirements for quarterly
progress reviews contained in the Government Performance Reporting and Accountability
Modernization Act of 2010 (GPRAMA) and OMB Circular A-11 Part 6.16

The NASA Associate Administrator (AA) and Associate Deputy Administrator cochair the
BPR. Membership includes Agency senior management and Center Directors. The Office of
the Chief Engineer (OCE) leads the program and project performance assessment process
conducted by a team of independent assessors drawn from OCE, the Office of the Chief
Financial Officer (OCFO), and the Office of Safety and Mission Assurance (OSMA).

A typical BPR agenda includes an assessment of each Mission Directorate’s program and
project performance, including performance against Management Agreements and ABCs, if
applicable, with rotating in-depth reviews of specific mission areas. The schedule ensures
that each mission area is reviewed on a quarterly basis. Mission support functions are
included in the BPR. Assessors use existing materials when possible. Table 3-1 shows
typical information sources that may be used by the BPR assessors. Different emphasis may
be placed on different sources depending on the mission being assessed.

Table 3-1 Typical Information Sources Used for BPR Assessment

Program/Project Documents | FAD, Formulation Agreement, PCAs, and Program and Project Plans

Life-cycle reviews

Monthly, quarterly, midyear, and end-of-year Mission Directorate reviews

Reviews

Other special reviews (see Section 3.1.3)

Monthly Center status reviews

APMC (presentations and decision memorandums)
Meetings DPMC (presentations and decision memorandums)

Recurring staff and/or status meetings including project monthly status

16 Additional information on GPRAMA can be found at http://www.gpo.gov/fdsys/pkg/PLAW-
111publ352/pdf/PLAW-111publ352.pdf. Additional information on A-11 Part 6 can be found at
http: //www.whitehouse.gov/sites/default/files/omb/assets/all current year/s200.pdf.
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Program Control Board (meetings and weekly status reports)

Biweekly tag-ups with the SMA TAs supporting and overseeing the program

Annual Performance Goals (for programs)

Reports from Agency assessment studies

Planning, Programming, Budgeting, and Execution (PPBE) presentations

Quarterly cost and schedule reports on major programs and/or projects delivered to
OCFO

Center summaries presentations at BPR

Reports Weekly Mission Directorate report

Weekly project reports

Weekly reports from the NESC

Monthly Earned Value Management (EVM) data

Project anomaly reports

Center SMA reports

Technical Authority reports

N2 Agency budget database

Databases SAP and Business Warehouse financial databases

OMB and Congressional cost and schedule data

3.3 Program Formulation
3.31 Program Activities Leading to the Start of Formulation

The process for initiating programs begins at the senior NASA management level with
strategic acquisition planning. When a need for a program is first identified, the Agency
examines and considers acquisition alternatives from several perspectives. This process
enables NASA management to consider the full spectrum of acquisition approaches for its
programs from Commercial Off-the-Shelf (COTS) buys to in-house design and build efforts.
For a “make or buy” decision, the Agency considers whether to acquire the capability
in-house, where NASA has a unique capability and capacity or the need to maintain or
develop such capability and capacity; to acquire it from outside the Agency; or to acquire it
through some combination of the two. Other than preservation of core competencies and
unique facilities, considerations include maturity of technologies affecting the technical
approach, priorities from the White House and Congress, and commercialization goals.
Strategic acquisition at the Agency level promotes best-value approaches by considering
the Agency as a whole.
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The strategic acquisition process is the Agency process for ensuring that NASA’s strategic
vision, programs, projects, and resources are properly developed and aligned throughout the
mission and life cycle. (See NPD 1000.0, NASA Governance and Strategic Management
Handbook, and NPD 1000.5, Policy for NASA Acquisition, for additional information on the
strategic acquisition process.)

NASA defines acquisition as the process for obtaining the systems, research, services,
construction, and supplies that the Agency needs to fulfill its mission. Acquisition, which may
include procurement (contracting for products and services), begins with an idea or proposal
that aligns with the NASA Strategic Plan and fulfills an identified need and ends with the
completion of the program or project or the final disposition of the product or service. (The
definition of acquisition in accordance with NPD 1000.5 is used in a broader context than the
Federal Acquisition Regulation (FAR)7 definition to encompass strategic acquisition planning
and the full spectrum of various NASA acquisition authorities and approaches to achieve the
Agency’s mission and activities.)

Many processes support acquisition, including the program management system, the
budget process, and the procurement system. The NASA Planning, Programming, Budgeting,
and Execution (PPBE) process supports allocating the resources of programs through the
Agency’s annual budgeting process. (See Section 5.8, Federal Budgeting Process; NPR
9420.1, Budget Formulation; and NPR 9470.1, Budget Execution.) The NASA procurement
system supports the acquisition of assets and services from external sources. (See NPD
1000.5, the Federal Acquisition Regulation (FAR), and, for NASA'’s specific implementation
of the FAR, the NASA FAR Supplement (NFS).18)

3.3.2 Program Formulation Activities

Programs provide the critically important linkage between the Agency’s strategic goals and
the projects that are the specific means for achieving them. The purpose of program
Formulation activities is to establish a cost-effective program that is demonstrably capable
of meeting Agency and Mission Directorate goals and objectives. The program team does
the following during Formulation:

e Derives a technical approach from an analysis of alternatives.

e Develops and allocates program requirements to initial projects.

e Initiates project pre-Formulation activities.

e Develops organizational structures and initiates work assignments.
e Defines and gains approval for program acquisition strategies.

e Develops interfaces to other programs.

17 https: //www.acquisition.gov/browse/index/far

18 https://www.acquisition.gov/nfs
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e Establishes required annual funding levels and develops preliminary cost and schedule
estimates.

e Develops products required during Formulation in accordance with the Program
Product Maturity tables at the end of this chapter.

e Designs a plan for Implementation.
e Putsin place management systems.

e Obtains approval of formal program documentation, all consistent with the NASA
Strategic Plan and other higher level requirements.

Official program Formulation begins with a Formulation Authorization Document
(FAD)1° that authorizes a program manager to initiate the planning of a new program and
to perform the analyses of alternatives required to formulate a sound Program Plan.
However, in many cases, Mission Directorates engage in pre-Formulation activities prior to
the development of a FAD to develop the basic program concept and have it approved by
NASA’s senior management.

The FAD is issued by the MDAA to authorize the formulation of a program whose goals will
fulfill part of the Agency’s Strategic Plan and Mission Directorate strategies and establish the
expectations and constraints for activity in the Formulation Phase. The FAD:

e Describes the program type and the purpose of the program, including a clear traceability
from the goals and objectives in the Mission Directorate strategies.

e Identifies the Decision Authority and the governing Program Management Council (PMC)
for oversight of the program including any delegations of Decision Authority and PMC.

e Describes the level or scope of work and the goals and objectives to be accomplished in the
Formulation Phase.

e Describes the NASA organizational structure for managing the formulation process from
the MDAA to the NASA Center program or project managers, as applicable, and includes
lines of authority, coordination, and reporting.

e Identifies Mission Directorates, mission support offices, and Centers to be involved in the
activity, their scope of work, and any known constraints related to their efforts (e.g., the
program is cofunded by a different Mission Directorate).

e Identifies any known participation by other organizations external to NASA that are to be
involved in the activity, their scope of work, and any known constraints related to their
efforts (e.g., the program or project must be cofunded by the external participant).

e Identifies the funding that will be committed to the program during each year of
Formulation.

19 In this chapter, bolding of a product or control plan indicates a requirement. (Repeated references in the
same paragraph are not bolded.)
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e Specifies the program life-cycle reviews planned during the Formulation Phase.

e Identifies tailoring to accommodate aspects of innovative acquisition approaches and
when the tailoring approach will be defined.

One of the first activities is to select the management team.
3.3.21 Program Formulation Activities Across Program Types

The following paragraphs describe the activities all program types complete to develop a
sound Program Plan. However, programs vary significantly in scope, complexity, cost, and
criticality, and the activities vary as a result. The differences in activities are described by
program type in Section 3.3.2.2.

Program Formulation is initiated at approval for Formulation and completes when the
Decision Authority approves the program’s transition from Formulation to Implementation
at KDP I (KDP C for single-project programs). Authorization of program transition from
Formulation to Implementation is documented in the_ Program Commitment Agreement
(PCA) and other retrievable program records. The program assists the Mission Directorate
in preparing this agreement, as requested. A draft PCA is prepared by KDP 0 and baselined
by KDP I. (Single-project programs are the exception: they follow a life cycle similar to
projects, so they are approved at KDP C. However, single-project programs are also
required to develop a Program Plan and have a PCA, unless the Mission Directorate
approves otherwise.)

The PCA (see NPR 7120.5, Appendix D) is an agreement between the MDAA and the NASA AA
(the Decision Authority) that authorizes program transition from Formulation to
Implementation. The PCA is prepared by the Mission Directorate and documents Agency and
Mission Directorate requirements that flow down to the program; program objectives,
management and technical approach and associated architecture; program technical
performance, schedule, time-phased cost plans, safety and risk factors; internal and external
agreements; life-cycle reviews; and all attendant top-level program requirements.

Major program and life-cycle reviews leading to approval at KDP I (KDP C for single-project
programs) are the Acquisition Strategy Meeting (ASM); the System Requirements Review
(SRR); the System Definition Review (SDR)/Mission Definition Review (MDR);20 the
governing PMC review; and for single-project programs and tightly coupled programs, the
PDR.

Acquisition Strategy. As early as possible in Formulation, all program types begin to
define the program’s Acquisition Strategy, which is the plan or approach for using NASA’s
acquisition authorities to achieve the program’s mission. The strategy includes
recommendations from make versus buy analyses, the recommendations from competed

20 The SDR and the MDR are the same review. Robotic programs tend to use the terminology MDR and human
space flight programs tend to use SDR.
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versus directed analyses, proposed partnerships and contributions, proposed
infrastructure use and needs, budget, and any other applicable considerations. This
strategy addresses the program’s initial plans for obtaining the systems, research, services,
construction, and supplies that it needs to fulfill its mission, including any known
procurement(s); the availability of the industrial base capability and supply chain needed
to design, develop, produce, and support the program and its planned projects; identifying
risks associated with single source or critical suppliers; and attendant mitigation plans.

The program develops a preliminary strategy, which is informed by the Agency’s strategic
planning process, prior to the SRR. The MDAA or AA determine when and whether a
Pre-Acquisition Strategy Meeting (Pre-ASM) is required and when and whether an
Aquisition Strategy Meeting (ASM) is required?!. If a Pre-ASM and/or ASM are required, the
team plans, prepares for, and supports these meetings as part of the formulation of its
acquisition strategy. The Pre-ASM and ASM are typically held early in Formulation and
precede making partnership commitments, but the timing is determined by the Mission
Directorate. The results of the ASM meeting are used to finalize the Acquisition Strategy.
(See Section 3.3.3.5.)

The Acquisition Strategy Meeting (ASM) is a decision-making forum where senior Agency
management reviews and approves program acquisition strategies. The ASM focuses on
considerations such as impacting the Agency workforce, maintaining core capabilities, make
versus buy decisions, supporting Center assignments, potential partnerships, and risk. The
ASM is held at the Agency level, implementing the decisions that flow out of the earlier
Strategy Implementation Planning (SIP) process. (See Section 5.8.3.1 for information on the
SIP process.)

The purpose of the ASM is for senior Agency management to review and agree on the
acquisition strategy before authorizing resource expenditures for major acquisitions. The
ASM review is based on information provided by the associated Mission Directorate or
mission support office, and results in the approval of plans for Formulation and
Implementation. Decisions are documented in the ASM Decision Memorandum or ASM
meeting summary. The results of the ASM are used to finalize the Acquisition Strategy.
(See Sections 3.3.2.)

Major acquisitions are directed at and critical to fulfilling the Agency's mission, entail the
allocation of relatively large resources, or warrant special management attention.

System Requirements Review. For all program types, the purpose of the System
Requirements Review (SRR) is to evaluate whether the program functional and
performance requirements are properly formulated and correlated with the Agency and

21 Information on Pre-ASMs and ASMs, the associated Convening Authorities, and criteria for determining the
Convening Authority is provided in NPD 1000.5, Policy for NASA Acquisition and its NASA Advisory
Implementing Instructions (NAII 1000.1, Pre-Acquisition Strategy Meeting (Pre-ASM) Guide and

NAII 1000.2, Acquisition Strategy Meeting (ASM) Guide).
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Mission Directorate strategic objectives and to assess the credibility of the program’s
estimated budget and schedule. For uncoupled and loosely coupled programs, a KDP 0 may
be required, at the discretion of the Decision Authority, to ensure that major issues are
understood and resolved prior to proceeding to SDR and KDP I. At a KDP 0, the program
shows how it meets critical NASA needs and proves it has a good chance of succeeding as
conceived.

System Definition Review/Mission Definition Review. For uncoupled and loosely
coupled programs, the purpose of the System Definition Review (SDR) or Mission
Definition Review (MDR) is to evaluate the proposed program requirements and
architecture and allocation of requirements to initial projects, to assess the adequacy of
project pre-Formulation efforts, and to determine whether the maturity of the program’s
definition and associated plans is sufficient to begin Implementation. After a successful
SDR/MDR, the program proceeds to KDP 1. The program is expected to demonstrate that it
(1) is in place and stable, (2) addresses critical NASA needs, (3) has adequately completed
Formulation activities, (4) has an acceptable plan for Implementation that leads to mission
success, (5) has proposed projects that are feasible within available resources, and (6) has
a level of risk that is commensurate with the Agency’s risk tolerance.

For tightly coupled and single-project programs, the purpose of the SDR/MDR is to
evaluate the credibility and responsiveness of the proposed program requirements and
architecture to the Mission Directorate requirements and constraints, including available
resources and allocation of requirements to projects. The SDR/MDR also determines
whether the maturity of the program’s system/mission definition and associated plans is
sufficient to begin preliminary design.

e For tightly coupled programs, a KDP 0 may be required, at the discretion of the Decision
Authority, to ensure that major issues are understood and resolved prior to proceeding
to PDR and KDP I. If the KDP 0 is held, the tightly coupled program will be expected to
demonstrate how it meets critical NASA needs and that projects are feasible within
available resources.

e For single-project programs, the program proceeds to KDP B, where the program is
expected to demonstrate that (1) the proposed system/mission architecture is credible
and responsive to program requirements and constraints, including resources; (2) the
maturity of the system/mission definition and associated plans is sufficient to begin
Phase B; and (3) the mission can likely be achieved within available resources with
acceptable risk.

Preliminary Design Review. For tightly coupled and single-project programs, 22 the
purpose of the PDR is to evaluate the completeness and consistency of the program’s
preliminary design, including its projects, in meeting all requirements with appropriate
margins, acceptable risk, and within cost and schedule constraints, and to determine the

22 Uncoupled and loosely coupled programs do not have a PDR.
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program’s readiness to proceed with the detailed design phase of the program. After the
PDR, the program proceeds to KDP I (KDP C for single-project programs).

e The tightly coupled program is expected to demonstrate that (1) it is in place and stable,
(2) it addresses critical NASA needs, (3) it has adequately completed Formulation
activities, (4) it has an acceptable plan for Implementation that leads to mission success,
and (5) the proposed projects are feasible with acceptable risk within Agency cost and
schedule baselines.

e The single-project program is expected to demonstrate that (1) planning, technical, cost,
and schedule baselines developed during Formulation are complete and consistent, (2)
the preliminary design complies with its requirements, (3) it is sufficiently mature to
begin Phase C, and (4) the cost and schedule are adequate to enable mission success
with acceptable risk. For single-project programs, the decisions made at KDP C
establish the ABC for the program. (See Section 5.5.1.)

The general flow of activities for the various program types in Formulation is shown in
Figures 3-8, 3-9, and 3-10.
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SRR ASM SDR

[ Develop program office, management structure, and management processes; perform Formulation management, planning, and control functions
[ Support MD in developing and baselining requirements and constraints I Update requirements/constraints based on SRR and further development ]
[Support MD in identifying key stakeholder expectations, needs, goals, and ]

objectives
[ Support MD and OIIR in developing and planning for partnerships I Support MD and OIIR in finalizing for partnerships ]
[ Support MD in defining the process by which projects are formulated, approved, and terminated ]

[ Support MD in preparing preliminary PCA ] [ Support MD in preparing final PCA ]
[ Support MD in preparing for Pre-ASM and ASM ]

[ Develop alternatives; assess and finalize program architecture Update program architecture, if necessary
[Deﬁne preliminary requirements down to the project level Baseline requirements down to the project level
[ Develop preliminary technical control plans as required for SRR [ Baseline technical control plans as required for SDR
[ Develop preliminary key GR&A that drive program activities I Update and maintain key GR&A that drive program activities
[ Develop a high-level WBS

Develop initial top technical, cost, schedule, and safety risk lists, risk mitigation plans, and resource requirements

Develop preliminary program schedule Baseline program schedule

Develop preliminary cost estimate Baseline cost estimate

Develop preliminary acquisition strategy [ Update acquisition strategy based on ASM results

Develop preliminary Program Plan and required control plans [ Baseline Program Plan and required control plans

: Initiate and oversee project pre-Formulation activities as required

[ Develop program’s plans for Implementation

[ Report plans, progress, and results at CMCs, life-cycle reviews, PMCs, KDPs, and other forums and mediums as required
[ Prepare for SRR and KDP 0, if required ] [ Prepare for SDR and KDP I

A _A__J

C] Program management, planning, and control tasks C] Technical work the program is doing

C] Work for which Headquarters is responsible but the program helps accomplish (e.g., International partnerships are a Headquarters
responsibility, but the programs help develop and finalize those partnerships)

GR&A = Ground rules and assumptions MD = Mission Directorate
OIIR = Office of International and Interagency Relations

Note: These are typical high-level activities that occur during this program phase. Placement of reviews is notional.

Figure 3-8 Uncoupled and Loosely Coupled Program Formulation Flow of Activities
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SRR ASM SDR PDR
( Develop program office, management structure, and management processes; perform Formulation management, planning, and control functions )
[Support MD in developing and baselining Update requirements and constraints based on life-cycle review/KDP results and further ]
requirements and constraints development

[Support MD in identifying key stakeholder

expectations, needs, goals, and objectives

[Support MD and OIIR in developing and planning for
international and interagency partnerships

[ Support MD in defining the process by which projects are formulated, approved, and terminated

{ Support MD and OIIR in finalizing partnerships ]

[ Support MD in preparing for Pre-ASM and ASM ][ Support MD in preparing prelim. PCA ] [ Support MD in preparing final PCA
[ Develop alternatives; assess and finalize program concept, architecture, and concepts of operations Update concept and architecture, if necessary ]
Define preliminary req’ts down to project level Baseline requirements down to project level Update requirements down to project level

Conduct program system engineering and integrate project technical activities as required

Assess need for program-level technical products; initiate and develop products as required
Develop technical control plans as req’d for SRR [ Dev. technical control plans as req’d for SDR l Dev. technical control plans as req’d for PDR

Develop and maintain key ground rules and assumptions that drive program activities

Develop a high-level WBS

Develop/update staffing and infrastructure requirements and plans as program Formulation evolves

Initiate projects and oversee and integrate project activities as required

Develop and maintain top technical, cost, schedule, and safety risk lists, risk mitigation plans, and resource requirements
Develop initial approach for managing logistics

Develop preliminary program schedule Update preliminary program schedule Baseline program schedule
Develop preliminary cost estimate Update preliminary cost estimate Baseline cost estimate
Develop preliminary acquisition strategy l Update acquisition strategy based on ASM results; initiate procurements as required J

Dev. prelim. Program Plan and required control plans I Baseline Program Plan and req’d control plans I Update Program Plan and required control plans
[ Initiate and oversee project pre-Formulation activities as required

[ Develop program’s plans for Implementation

(Report plans, progress, and results at CMCs, life-cycle reviews, PMCs, KDPs, and other forums and mediums as required )
[ Prepare for SRR ] [ Prepare for SDR and KDP 0, if req’d ] [ Prepare for PDR and KDP I ]
D Program management, planning, and control tasks D Technical work the program is doing

C] Work for which Headquarters is responsible but the program helps accomplish (e.g., International partnerships are a Headquarters responsibility, but the
programs help develop and finalize those partnerships)

MD = Mission Directorate
OIIR = Office of International and Interagency Relations

Note: These are typical high-level activities that occur during this program phase. Placement of reviews is notional.

Figure 3-9 Tightly Coupled Program Formulation Flow of Activities
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AsMN SRR m‘ PDR

(Develop program office, management structure, and management processes; perform Formulation management, planning, and control functions )

Support MD in developing and baselining
requirements, constraints, ground rules, etc.
Support MD in identifying key stakeholder

expectations, needs, goals, and objectives

Update requirements, constraints, ground rules, assumptions, etc., based on life-cycle review/KDP ]
results and further development

Support MD and OIIR in developing and planning 1 . .. . ]
[ for international and interagency partnerships izt D) s QI i Il iy e L

Support MD in preparing for Pre-ASM and ] [ Support MD in preparing prelim PCA ] [ Support MD in preparing final PCA ]

ASM

Develop alternatives; assess and finalize mission concept, architecture, and concepts of operations I Update concept and architecture, if necessary

Conduct initial assessment of technology development requirements; continue to assess tech. needs as concept(s) evolves; conduct tech. dev. as req’d

Conduct initial assess. of engineering dev. req’ts; continue to assess engnr. risk reduction needs as concept(s) evolves; conduct engnr. dev. as required
Assess evolving concepts to ensure heritage is applied properly; identify appropriate risk reduction activities; conduct heritage assessment as required.
Baseline req’ts down to project and system level I Update requirements down to system level I Baseline req’ts down to subsystem level

[ Conduct program system engineering and integrate project technical activities as required (for SPP with separate program and project structures)

[ Develop prelim systems safety analyses

[Develop, baseline, and maintain technical control plans as required )

Develop and maintain key ground rules and assumptions that drive program activities

Develop a high-level WBS consistent with NASA standard WBS and the program architecture

Develop/update staffing and infrastructure requirements and plans as program formulation evolves

Develop and maintain top technical, cost, schedule, and safety risk lists, risk mitigation plans, and resource requirements
Initiate and oversee project Formulation activities, if required (for SPP with separate program and project structures)
Develop initial approach for managing logistics

Develop preliminary program schedule range Update preliminary program schedule range Baseline program schedule
[[Develop preliminary cost estimate range (LCC<81B) Baseline cost estimate
Update preliminary cost estimate ranges (LCC | Develop and baseline JCL
<$1B)
[Dev. prelim. cost and sched. confidence levels ]
(LCC <$1B)
Develop high and low value for cost and
schedule with JCL (LCC > $1B) ]
[ Develop-acquisition strategy and baseline ] Update acquisition strategy as needed; initiate procurements as required
[ Develop required control plans I Dev. prelim. Program Plan and req’d control plans ] Baseline Program Plan and req’d control plans

Update Formulation Agreement for Phase B | Develop program’s plans for Implementation
(Report plans, progress, and results at CMCs, life-cycle reviews, PMCs, KDPs, and other forums and mediums as required

Prepare for SRR ] [ Prepare for MDR/SDR and KDP B ] Prepare for PDR and KDP C
D Program management, planning, and control tasks C] Technical work the program is doing

C] Work for which Headquarters is responsible but the program helps accomplish (e.g., International partnerships are a Headquarters responsibility, but the
programs help develop and finalize those partnerships)
MD = Mission Directorate
OIIR = Office of International and Interagency Relations
SPP = Single-Project Program

Note: These are typical high-level activities that occur during this program phase. Placement of reviews is notional.

Figure 3-10 Single-Project Program Formulation Flow of Activities
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While not part of Formulation, some Implementation activities such as initiating project
Pre-Phase A may occur during Formulation.

Program Formulation is a recursive and iterative process that requires concurrent
development of the program organization, structure, management approach, management
processes, and the technical and management products required for program
implementation. The level of maturity of each of these items continues to evolve, and each
item becomes more mature as the program goes through the formulation process. Each of
the life-cycle milestones and associated KDPs provides an opportunity for the program and
its management to review and assess the program’s progress.

3.3.2.2 Program Activities in Formulation by Program Type

The different program types require different levels of management and planning in
Formulation.

Uncoupled and Loosely Coupled Program Formulation. As a result of the loose
affiliation between the projects in these programs, the program does not generally require
the same degree of system integration that is required of tightly coupled and single-project
programs. Thus, the products that are required for these programs are substantially fewer
(see Table 3-2 in this Handbook and Table I-1 in NPR 7120.5F) than those required for
tightly coupled programs.

For loosely coupled or uncoupled programs, the program office may simply serve as a
funding source and provide a management infrastructure, top-level requirements, and
project oversight. Program requirements are high level. They are typically stable and have
very little impact on day-to-day project management once the project requirements have
been established. System engineering plays a major role during Formulation as described
in NPR 7123.1, which may include defining or assessing concepts, architecture,
requirements, technology, interfaces, and heritage (i.e., the applicability of designs,
hardware, and software from past projects to the present one).

Tightly Coupled Program Formulation. Tightly coupled programs define and initiate
constituent projects during Program Formulation after the Program Plan is baselined at
SDR. The constituent projects have a high degree of organizational, programmatic, and
technical interdependence and commonality with the program and with each other. The
program ensures that the projects are synchronized and well integrated throughout their
respective life cycles, both with each other and with the program. Tightly coupled
programs are more complex, and since the program is intimately tied to the projects, the
Formulation Phase mirrors the single-project program project life cycle. Projects’
Preliminary Design Reviews (PDRs) are usually completed prior to the program-level PDR.
Program approval (KDP I) occurs after the program-level PDR, which allows for a more
developed definition of the preliminary design before committing to the complete scope of
the program. Once approved for Implementation, the tightly coupled program continues to
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have program life-cycle reviews tied to the project life-cycle reviews to ensure the proper
integration of projects into the larger system.

During Formulation, a tightly coupled program, in conjunction with its constituent projects,
establishes performance metrics, explores the full range of implementation options, defines
an affordable concept to meet requirements specified in the Program Plan, and develops
needed technologies. Formulation is an iterative set of activities rather than discrete linear
steps. System engineering plays a major role during Formulation as described in NPR
7123.1. The primary activities, which, in some cases, may be performed in conjunction with,
or by, the constituent projects, include the following:

e Developing and defining the program requirements.

e Assessing the technology requirements, developing the plans to achieve them, and
developing the technology.

e Developing the program’s knowledge management strategy and processes.

e Examining the Lessons Learned database for lessons that might apply to the current
program’s planning.

e Developing the program architecture down to the project level.
e Flowing down requirements to the project level.

e Planning acquisitions, including an analysis of the industrial base capability to design,
develop, produce, support, and even possibly restart an acquisition program or project.

e Evaluating and refining project to project interfaces.

e Assessing heritage using NASA/SP-2016-6105, Systems Engineering Handbook, Appendix
G, Technology Assessment/Insertion?3 (the applicability of designs, hardware, and
software in past projects to the present one).

e Conducting safety, performance, technical, cost, and schedule risk trades.

e Identifying and mitigating development and programmatic risks, including supply chain
risks.

e (Conducting engineering development activities, including developing engineering
prototypes and models for the higher-risk components and assemblies that have not
been previously built or flown in the planned environment and testing them to
demonstrate adequate performance.

e Developing time-phased cost and schedule estimates and documenting the basis of
these estimates.

e Preparing the Program Plan for Implementation.

23 https://ntrs.nasa.gov/citations /20170001761
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Tightly coupled programs typically have greater integration functions at the program level,
such as systems engineering, risk management, and requirements management. The
program manager has a significant role and influence over the management and execution
of the projects. In the case of tightly coupled programs, major project decisions frequently
require the approval of the program manager. Decisions to change elements, such as
reduce scope or extend schedule, for one project may affect all other projects within that
program. The project manager provides frequent briefings and regular progress status to
the program manager. Certain project risks may be integrated into a list of top program
risks. Change in program requirements may have a direct impact on project requirements.

Formulation activities continue until Formulation output products (see Tables 3-3 and 3-4)
have matured and are acceptable to the program manager, Center Director, MDAA, and
Decision Authority. Tightly coupled programs have many of the characteristics of single-
project-programs and develop the technical products required for single-project programs
(see Table 3-5) in NPR 7120.5, in some cases, in conjunction with, or by, the constituent
projects.24 These activities allow the Agency to present high-confidence cost and schedule
commitments to external stakeholders at KDP 1.

Single-Project Program Formulation. MDAAs may initiate single-project program
pre-Formulation activities. In that case, a Mission Directorate provides resources for
Pre-Phase A concept studies along with the mission objectives and the ground rules and
assumptions to be used by the study team. While not formally part of Formulation, concept
studies might involve pre-Formulation activities such as Design Reference Mission (DRM)
analysis, feasibility studies, technology needs analyses, engineering systems assessments,
human systems assessments, logistics support, and analyses of alternatives that typically
are performed before a specific single-project program concept emerges. These trade
studies are not considered part of formal planning since there is no certainty that a specific
proposal will emerge.

Pre-Formulation activities also involve identification of risks that are likely to drive the
single-project program’s cost and schedule range estimates at KDP B and cost and schedule
commitments at KDP C and include development of mitigation plans for those risks.

During Pre-Phase A, the program initiates development of a Formulation Agreement to
document the plans and resources required for Formulation. (See the “Formulation
Agreement” box for more information. See NPR 7120.5F, Appendix F for the Formulation
Agreement template.) Assessments and products developed during

Pre-Phase A may be documented in the Formulation Agreement, as opposed to developing
separate plans.

24 See Appendix H in this handbook for a list of technical products that the tightly coupled program develops
and a list of technical products that may be developed by constituent projects or the tightly coupled program,
as determined by the program.
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The Mission Concept Review (MCR) is held at the end of Pre-Phase A. The MCR is the first
major life-cycle review in the single-project program life cycle. The purpose of the MCR is
to evaluate the feasibility of the proposed mission concept(s) and how well the concept(s)
fulfill the program’s needs and objectives. After the MCR, the program proceeds to KDP A
where the program demonstrates that it has addressed critical NASA needs; the proposed
mission concept(s) is feasible; the associated planning is sufficiently mature to begin
Phase A; and the mission can probably be achieved as conceived.

At the conclusion of Pre-Phase A, the FAD is issued authorizing Formulation to begin. (See
NPR 7120.5F, Appendix E.)

Single-project program Formulation comprises two sequential phases, i.e., Phase A
(Concept and Technology Development) and Phase B (Preliminary Design and Technology
Completion). During Formulation, the single-project program establishes performance
metrics, explores the full range of implementation options, defines an affordable concept to
meet requirements specified in the Program Plan, and develops needed technologies.
Formulation is an iterative set of activities rather than discrete linear steps. Systems
engineering plays a major role during Formulation as described in NPR 7123.1. The
primary activities in these phases include the following:

e Developing and defining the single-project program requirements.

e Assessing the technology requirements, developing the plans to achieve them, and
developing the technology.

e Developing the program’s knowledge management strategy and processes.

e Examining the Lessons Learned database for lessons that might apply to the current
program’s planning.

e Developing the system architecture.
e Completing mission and preliminary system designs.
¢ Flowing down requirements to the system and subsystem levels.

e Planning acquisitions, including an analysis of the industrial base capability to design,
develop, produce, support, and even possibly restart an acquisition program or project.

e Evaluating and refining subsystem interfaces.

e Assessing heritage using NASA/SP-2016-6105, Systems Engineering Handbook, Appendix
G, Technology Assessment/Insertion (the applicability of designs, hardware, and
software in past projects to the present one).

e Conducting safety, performance, technical, cost, and schedule risk trades.

e Identifying and mitigating development and programmatic risks, including supply chain
risks.
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e (Conducting engineering development activities, including developing engineering
prototypes and models for the higher-risk components and assemblies that have not
been previously built or flown in the planned environment, and testing them to
demonstrate adequate performance.

e Developing time-phased cost and schedule estimates and documenting the basis of
these estimates.

e Preparing the Program or Project Plan for Implementation.

Formulation Agreement

The Formulation Agreement serves as a tool for communicating and negotiating the single-project
program’s schedule and funding requirements during Phase A and Phase B with the Mission Directorate.
It identifies and prioritizes the technical and acquisition activities that will have the most value during
Formulation and inform follow-on plans.

The Formulation Agreement focuses on the work necessary to accurately characterize the complexity and
scope of the single-project program; increase understanding of requirements; and identify and mitigate
safety, technical, cost, and schedule risks. This work enables the single-project program to develop high-
fidelity cost and schedule range estimates and associated confidence levels (if LCC or initial capability
cost is under $1 billion) or associated JCL (if LCC or initial capability cost is greater than or equal to $1
billion) at KDP B, and high-fidelity cost and schedule commitments and associated JCL at KDP C, and to
commit to a successful plan for Implementation at KDP C. These activities include establishing the
internal management control functions that will be used throughout the life of the single-project program.

The Agreement is approved and signed at KDP A (baselined for Phase A and preliminary for Phase B).
The Agreement is updated in preparation for SDR/MDR and resubmitted for signature at KDP B
(baselined for Phase B). The Formulation Agreement for KDP A includes detailed Phase A information,
preliminary Phase B information, and the Formulation Cost, which is based on the estimated costs for
Phase A and Phase B. The Formulation Agreement for KDP B identifies the progress made during Phase
A, updates and details Phase B information, and updates the Formulation Cost, which is based on the
actual cost for Phase A and an updated cost for Phase B. The Formulation Cost at KDP B is the total
authorized cost for Formulation activities required to get to KDP C.

In practice, the FAD and the Formulation Agreement are developed concurrently so that both documents
can be approved at KDP A. Documentation products developed as part of, or as a result of, the
Formulation Agreement may be incorporated into the Single-Project Program Plan, if appropriate, as the
Single-Project Program Plan is developed during Formulation.

During Phase B, there is an overlap between the Formulation Agreement and the
preliminary Program Plan. The Formulation Agreement is the agreement between the
Mission Directorate and the single-project program that governs the work during Phase B,
but the baselined Program Plan control plans govern the management and technical
control processes used during this phase.

Formulation activities continue until Formulation output products (i.e., the products listed
in Tables 3-5 and 3-6) have matured and are acceptable to the program manager, Center
Director, MDAA, and Decision Authority. These activities allow the Agency to present to
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external stakeholders time-phased cost plans and schedule range estimates at KDP B and
high-confidence cost and schedule commitments at KDP C.

Single-project programs follow steps in Formulation and Implementation that are similar
to projects. However, because of their importance to the Agency, single-project programs
are required to develop and have approved a Program Commitment Agreement (PCA) to
move from Formulation to Implementation. A Program Plan is also required, but this
document may be combined with the Project Plan if approved by the MDAA and OCE.
However, if the Program and Project Plans are combined, the unique parts of the Program
and Project Plans still need to be developed. A draft version of the Program Plan is due at
KDP B with final versions baselined by KDP C.

3.3.3 Program Management, Planning and Control Activities
3.3.31 Supporting Headquarters Planning

During Formulation (and possibly pre-Formulation), the program manager and program
team support the Mission Directorate in developing the program. When requested, the
team helps identify the main stakeholders of the program (e.g., Principal Investigator (PI),
science community, technology community, public, education community, and Mission
Directorate sponsor) and gather and document key external stakeholder expectations,
needs, goals, and objectives. The program also develops the process to be used within the
program to ensure stakeholder advocacy. The team supports alignment of the program-
level requirements with Agency strategic goals and Mission Directorate requirements and
constraints. The MDAA uses this information in developing and obtaining approval of the
Formulation Authorization Document (FAD).

One of the first activities is to select the management team.
3.3.3.2 Program Structure and Management Framework

The program team, regardless of program type, develops and implements the management
framework, including the program team, organizational structure, and management
processes, consistent with the program authority, management approach, and Governance
structure specified in the FAD. The team identifies the responsibilities related to the
respective roles of each involved organization (e.g., Headquarters, Centers, other
government agencies, academia, industry, and international partners). The team identifies
the chain of accountability along with the frequency of reporting and the decision path
outlining the roles and responsibilities of the Mission Directorate sponsor(s), program
manager, Center Director, and other authorities including the Technical Authorities (TAs),
as required. This will delineate clear lines of authority from projects and Centers to the
program and to the Mission Directorate. The team also integrates knowledge from
applicable lessons learned into the planning and determines how participating Centers’
implementation policies and practices will be applied in the execution of the program. The
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management approach also includes the process by which projects are formulated,
approved, and ended.

The program team supports the MDAA and the NASA Headquarters Office of International
and Interagency Relations (OIIR) in identifying, planning for, and obtaining approved
interagency and international agreements, including the planning and negotiation of
agreements and recommendations on joint participation in reviews, integration and test,
and risk management. To the degree known for uncoupled and loosely coupled programs
and tightly coupled programs, these partnership agreements are typically preliminary at
SRR and baselined by the SDR/MDR. For single-project programs, these partnership
agreements are typically preliminary at MCR, updated at SRR, and baselined by the
SDR/MDR (interagency partnerships) or baselined at PDR (international partnerships).

3.3.3.3 Program Requirements, Ground Rules and Assumptions

For all program types, the program team conducts planning that enables formulation and
implementation of program and project concepts, architectures, scenarios or DRMs, and
requirements. At SRR, uncoupled and loosely coupled programs and tightly coupled
programs document the traceability of preliminary program-level requirements on both
the program and the known individual projects to Agency strategic goals and outcomes as
described in NPD 1001.0, NASA Strategic Plan. Single-project programs baseline these
requirements at SRR. The team selects technical standards in accordance with NPR 7120.10,
Technical Standards for NASA Programs and Projects.

At the Program/System Requirements Review (SRR), the team documents the preliminary
driving ground rules and assumptions on the program. After the SRR, the team updates,
as required, the program-level requirements and the driving ground rules and assumptions
on the program. Specifically:

e The program team identifies and documents the key requirements derived by the
program (as opposed to those derived by the Mission Directorate) and the ground rules
and assumptions that drive development of the program and initial projects. Once the
program team has defined the ground rules and assumptions, it tracks them through
Formulation to determine if they are being realized (i.e., remain valid) or if they need to
be modified.

e When establishing the requirements for the program, there are additional high-level
requirements levied on the program from the Agency, Center, and Mission Directorate
levels as well as requirements that come from support offices like SMA. The traceability
of requirements that flow down from Agency- and Center-level policy to the program
and from the program to projects should be documented.

e For all programs, these high-level requirements are typically decomposed into
requirements on constituent projects or systems. The requirements are specified in the
Program Plan or in a separate, configuration-controlled program requirements
document prepared by the program team and approved by the MDAA. This
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documentation is typically controlled by the Mission Directorate. Requirements thus
documented, and any subsequent changes, require approval of the program manager
and the MDAA.

For each known project, the program team develops a top-level description of the project,
including the mission’s science or exploration objectives; the project’s category, governing
PMC, and risk classification; and the project’s mission, performance, and safety
requirements. For science missions, it includes both baseline and threshold science
requirements and identifies the mission success criteria for each project based on the
threshold science requirements. (See Appendix A for definitions of baseline and threshold
science_requirements.)

e Eachrequirement is stated in objective, quantifiable, and verifiable terms.
Requirements can identify the program’s principal schedule milestones, including PDR,
Critical Design Review (CDR), launch, mission operations critical milestones, and the
planned decommissioning date. They can state the development and/or total life-cycle
cost constraints on the program and set forth any budget constraints by fiscal year.
They can state the specific conditions under which a project Termination Review would
be triggered. They can also describe any additional requirements on the project; e.g.,
international partners. If the mission characteristics indicate a greater emphasis is
necessary on maintaining technical, cost, or schedule, then the requirements can
identify which is most important (e.g., state if the mission is cost-capped; or if schedule
is paramount, as for a planetary mission; or if it is critical to accomplish the technical
objectives, as for a technology demonstration mission).

3.3.3.4 Program Activities for Project Initiation

Program offices support the MDAA in beginning project pre-Formulation activities and
approving project entry into Formulation. Projects can be initiated in two basic ways: a
direct assignment of a project to a Center(s) or a competitive process, typically through a
Broad Agency Announcement (BAA) such as an Announcement of Opportunity (AO).25

For projects that are not competed, prior to initiating the new project, a Mission
Directorate and the program office typically provide resources for concept studies (i.e.,
Pre-Phase A (Concept Studies)). These pre-Formulation activities involve DRM analysis,
feasibility studies, technology needs analyses, engineering systems assessments, and
analyses of alternatives. These are performed before a specific project concept emerges. At

25 NASA uses Broad Agency Announcements (BAAs) to solicit bids for work, a form of public/private
competition. One form of BAA applicable to space flight programs and projects is Announcements of
Opportunity (AOs). Another type is NASA Research Announcements (NRAs). An AO is used to acquire
investigations, which may involve complete missions or special instruments to be flown aboard NASA aircraft
or spacecraft, and to invite investigator-initiated research proposals. NASA solicits, accepts, and evaluates
proposals submitted by all categories of proposers in response to an AO, including academia, industry, not-
for-profits, Government laboratories, Federally Funded Research and Development Centers (FFRDC), NASA
Centers, and the Jet Propulsion Laboratory (JPL).
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the conclusion of pre-Formulation with a decision to proceed with the project, the Mission
Directorate, supported by the program office, issues a project FAD authorizing project
Formulation to begin. (See NPR 7120.5F, Appendix E.) The Mission Directorate also agrees
to a project Formulation Agreement developed by the project to document the plans and
resources required for Formulation. (See NPR 7120.5F, Appendix F.)

For competed or “AO-driven” missions, some Mission Directorates choose to use either a
one- or two-step process to initiate projects within a space flight program. In a one-step AO
process, projects are competed and selected for Formulation in a single step. In two-step
competitions, several projects may be selected in Step 1 and given time to mature their
concepts in a funded concept study before the Step 2 down-selection. Program resources
are invested (following Step 1 selections) to bring these projects to a state in which their
science content, cost, schedule, technical performance, project implementation strategies,
SMA strategies, heritage, technology requirements and plans, partnerships, and
management approach can be better judged. Programs are not typically involved in the
proposal evaluation process or the selection. They generally provide input into the BAA in
the form of requirements to ensure that the BAA is consistent with the program’s
requirements. Once the project is selected, the program assumes management
responsibility for the project’s development and implementation.

From the point of view of the selected AO-driven project, the proposing teams are clearly
doing preparatory work and formal project Formulation (e.g., typical Pre-Phase A and
Phase A tasks, such as putting together a detailed WBS, schedules, cost estimates, and
implementation plan) during the concept study and the preparation of the Step 2 concept
study report. From the point of view of the program, no specific project has been chosen,
the total cost is not yet known, and project requirements are not yet finalized, yet
Formulation has begun. Therefore, for competed missions, the selection of a proposal for
concept development is the equivalent of KDP A.

In a one-step AO process, projects enter Phase A after selection (KDP A) and the process
becomes the conventional process for directed missions. In a two-step AO process, projects
perform concept development in the equivalent of Phase A and go through evaluation for
down-selection at the equivalent of KDP B. Following this selection, the process becomes
conventional with the exception that KDP B products requiring Mission Directorate input
are finished as early in Phase B as feasible.

3.3.3.5 Management Control Processes and Products

As the program team develops its planning, management processes are documented in
control plans, which are designed to keep the program activities aligned, on track, and
accounted for as the program moves forward. (See Appendix F for a description of control
plans required by NPR 7120.5F.) These control plans are described in this and subsequent
sections of this handbook in conjunction with the phase where they are required. Control
plans can either be incorporated into the central planning document, which is the Program
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Plan or separate stand-alone documents referenced in the appropriate part of the Program
Plan. NPR 7120.5F, Appendices G and I, and Section 3.5.4 in this handbook provide
considerations for determining if a control plan should be a stand-alone document. NPR
7120.5F, Appendix [, Tables I-1, I-3, I-7, and Tables 3-2, 3-4, and 3-6 of this handbook
identify, for each control plan, whether it is a requirement or a best practice and what the
maturation expectations for the control plan are, i.e., when the preliminary and baseline
versions are expected, and when updates are expected. Centers may have existing plans
that programs can use to satisfy requirements for some of the control plans.

All programs prepare a Program Plan that follows the template in NPR 7120.5F, Appendix
G. For uncoupled, loosely coupled, and tightly coupled programs, a preliminary version of
the Program Plan is prepared prior to the SRR, and the Program Plan is finalized and
baselined by the System Definition Review (SDR). For single-project programs, a
preliminary version of the Program Plan is developed prior to the SDR/Mission Definition
Review (MDR), and the Program Plan is finalized and baselined by the PDR. Some control
plans incorporated into the Program Plan are required to be baselined before the Program
Plan is fully finished and baselined. These early control plans are required to assist the
program in managing its early work and become part of the preliminary Program Plan.

For all program types during early Formulation, the program team begins to develop the
Technical, Schedule, and Cost Control Plan. A preliminary version of this plan is
expected at SRR with the final plan baselined at SDR (SDR/MDR for single-project
programs). This plan is required early so that the program team has the tools and
processes necessary to manage and control the work during Formulation and the team is
prepared to baseline all program content by program approval at KDP I (KDP C for single-
project programs). This plan documents how the program plans to control program
requirements, technical design, schedule, and cost to achieve its high-level requirements.
This control plan includes the program’s performance measures in objective, quantifiable,
and measurable terms and documents how the measures are traced from the program
high-level requirements. The plan establishes baseline and threshold values for the
performance metrics to be achieved at each KDP, as appropriate.

Tightly coupled and single-project programs also develop and maintain the status of a set
of programmatic and technical leading indicators that are defined in the Program Plan
to ensure proper progress and management of the program.2¢ (See the “Required and
Recommended Programmatic and Technical Leading Indicators” box.) Per NPR 7123.1,
three indicators are required: Mass Margins, Power Margins, and Request for Action (RFA)
(or other means used by the project to track review comments). The status and trend of
leading indicators should be presented at life-cycle reviews and KDPs. In addition to these
required indicators, NASA highly recommends the use of a common set of programmatic

26 See Section 5.13 and the NASA Common Leading Indicators Detailed Reference Guide located at
https://nodis3.gsfc.nasa.gov/OCE docs/OCE 52.pdf for additional information on leading indicators, and for
specific details and examples of the three required and set of recommended indicators.
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and technical indicators to support trending analysis throughout the life cycle. Programs
may also identify unique programmatic and technical leading indicators.

Required and Recommended
Programmatic and Technical Leading Indicators
Required (per NPR 7123.1)
1. Technical Performance Measures (mass margin, power margin)
2. Review Trends (Review Item Discrepancy (RID)/Request for Action (RFA)/action item
burndown per review)
Recommended

1. Requirement Trends (percent growth, To Be Determined (TBD) and To Be Resolved (TBR)
closures, # requirement changes)

2. Interface Trends (percent Interface Control Document (ICD) approval, TBD and TBR
burndown, # interface requirement changes)

Verification Trends (closure burndown, # deviations and waivers approved and open)
Software Unique Trends (# software requirements per build or release versus plan)27
Problem Report and/or Discrepancy Report Trends (# open, # closed)

Manufacturing Trends (# nonconformance and/or corrective actions)

N o o ko

Cost Trends (plan versus actual, Unallocated Future Expenses (UFE), Earned Value
Management (EVM), New Obligation Authority (NOA))

©s

Schedule Trends (critical path slack or float, critical milestones, EVM schedule metrics, etc.)

9. Staffing Trends (Full-Time Equivalent (FTE) and Work-Year Equivalent (WYE) plans versus
actuals)

10. Manufacturing Trends (# nonconformance and/or corrective actions (open, closed, or
resolved))

11. Additional project-specific indicators as needed (e.g., human systems integration compliance)

Margins are the allowances carried in budget, projected schedules, and technical performance
parameters (e.g., weight, power, or memory) to account for uncertainties and risks. Margins
are allocated in the formulation process based on assessments of risks and are typically
consumed as the program or project proceeds through the life cycle.

27 Note that there are software measurement requirements other than Technical Leading Indicators in NPR
7150.2, NASA Software Engineering Requirements (e.g., SWE-091) which have implementation guidance in
NASA-HDBK-2203, NASA Software Engineering and Assurance Handbook (http://swehb.nasa.gov).
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The Technical, Schedule, and Cost Control Plan also describes:

How tightly coupled and single-project programs monitor and control the program’s
Management Agreement.

How single-project programs monitor and control the program’s ABC.

How single-project programs will mitigate exceeding the development cost documented
in the ABC and take corrective action prior to triggering the 30 percent breach
threshold.28

How single-project programs will support a Rebaseline Review in the event the
Decision Authority directs one. (For more information on Rebaseline Reviews, see
Section 5.5.5.1.)

What the program'’s systems engineering organization and structure will be, and how
these functions will be executed.

How the program will use systems of measurement and identify units of measure in all
product documentation. (See Section 3.3.4 for more information on the use of the
International System of Units (SI), commonly known as the Systeme Internationale (SI)
or metric system of measurement.)

How the program will implement Technical Authority (engineering, safety and mission
assurance, and health and medical), including how the program will address technical
waivers and deviations and how Formal Dissents will be handled.

How single-project programs will use an Earned Value Management System (EVMS);
how tightly coupled programs will use an EVMS if EVM requirements are to be levied at
the program level; or how loosely coupled or uncoupled programs flow EVM
requirements down to the projects, including the reporting of project EVM. (See Section
4.3.4.2.2 and Section 5.14 for details on Earned Value Management.)

What the program’s descope plans are, including key decision dates, savings in cost and
schedule, and how the descopes are related to the program’s threshold requirements.

What if any additional specific tools the program will use to implement its control
processes, e.g., systems for requirements management; program scheduling; program
information management.

How the program will monitor and control the Integrated Master Schedule (IMS),
including utilization of its technical and schedule margins and UFE to stay within the
terms of the Management Agreement and ABC, if applicable.

How the program plans to report technical, schedule, and cost status to the MDAA,
including frequency and the level of detail.

28 A breach occurs when the projected cost estimate for development cost exceeds the ABC cost for Phase C
through D by 30 percent or more. See Section 5.5 for additional information.
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All program teams develop a program Work Breakdown Structure (WBS). The NASA
standard WBS template is intended to apply to projects, not programs. There is no standard
program WBS due to the variance in structure of the Mission Directorates. Tightly coupled
and single-project programs generally have a product-oriented WBS like the standard WBS
for space flight projects illustrated in Figure 4-10 in this handbook and in NPR 7120.5F
Figure H-2. The WBS for uncoupled and loosely coupled programs will probably be more
focused at the project level than the system level shown in the figure. All programs develop
a WBS dictionary down to at least the project level. The WBS supports cost and schedule
allocation down to a project level that allows for unambiguous cost reporting. (See Section
5.9.1 and Section 5.9.7 for additional guidance on developing a program WBS.)

After developing the WBS and the initial program architecture, the program team develops
the cost and schedule estimate and appropriate annual budget submissions. Cost and
schedule typically are informed by technology, engineering development and heritage
assessments using NASA/SP-2016-6105, Systems Engineering Handbook, Appendix G,
Technology Assessment/Insertion acquisition strategies, infrastructure and workforce
requirements, and identified risks. Infrastructure requirements include the acquisition,
renovation, and/or use of real property and/or facilities, aircraft, personal property, and
information technology. The program identifies the means of meeting infrastructure
requirements through synergy with other existing and planned programs and projects to
avoid duplication of facilities and capabilities; identifies necessary infrastructure upgrades
or new developments, including those needed for environmental compliance; and identifies
and documents concurrence for any investments, divestments, acquisition strategies,
procurements, agreements, and changes to capability portfolio capability components in
accordance with requirements and strategic guidance included in NPR 8600.1, NASA
Capability Portfolio Management Requirements.

The program develops the life-cycle cost or initial capability cost and schedule
estimates consistent with driving assumptions, risks, requirements, and available
funding and schedule constraints:

e The program team develops its cost estimates using many different techniques. These
include, but are not limited to, bottoms-up estimates where specific work items are
estimated by the performing organization using historical data or engineering
estimates; vendor quotes; analogies; and parametric cost models. (See Section 5.6 for a
discussion of probabilistic cost estimating.)

e The program team develops its resource baseline, which includes funding requirements
by fiscal year and the New Obligation Authority (NOA) in real-year dollars for all years:
prior, current, and remaining. The funding requirements are consistent with the
program’s WBS and include funding for all cost elements required by the Agency’s
full-cost accounting procedures. Funding requirements are consistent with the budget.
The resource baseline provides a breakdown of the program’s funding requirements to
at least the WBS Level 2 elements. The resource baseline provides the workforce
requirements specific to the program (i.e., not project workforce) by fiscal year,
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consistent with the program’s funding requirements and WBS. The resource baseline
identifies the driving ground rules and assumptions and constraints that affect it.
Throughout the Implementation Phase, single-project program baselines are based on
the approved JCL in accordance with NPD 1000.5, Policy for NASA Acquisition and NPR
7120.5. (The resource baseline also includes the infrastructure requirements,
discussed elsewhere in this section.)

e The program team develops a summary of its IMS, including all critical milestones,
major events, life-cycle reviews, and KDPs throughout the program life cycle. The
summary of the IMS includes the logical relationships (interdependencies) for the
various program elements and projects and critical paths, as appropriate, and identifies
the driving ground rules and assumptions and constraints affecting the schedule
baseline. The summary of the IMS is included in the Program Plan.

e In doing these estimates, the program team documents the Basis of Estimate (BoE)
and the rationales and assumptions that went into the estimate.

The Basis of Estimate (BoE) documents the ground rules and assumptions and the drivers
used in developing the cost and schedule estimates, including applicable model inputs,
rationale or justification for analogies, and details supporting cost and schedule estimates.
The BoE is contained in material available to the Standing Review Board (SRB) and
management as part of the life-cycle review and Key Decision Point (KDP) process. Good
BoEs are well documented, comprehensive, accurate, credible, traceable, and executable.
Sufficient information on how the estimate was developed needs to be included to allow
review team members, including independent cost analysts, to reproduce the estimate if
required. Types of information can include estimating techniques (e.g., bottoms-up, vendor
quotes, analogies, parametric cost models), data sources, inflation, labor rates, new
facilities costs, operations costs, sunk costs, etc.

e Finally, all single-project programs, regardless of LCC or initial capability cost, develop a
JCL prior to their PDR/KDP C, and, if the program is rebaselined during the
Implementation phase, calculate a JCL as part of the rebaselining approval process. (For
more information on rebaseline, see Section 5.5.5.1.) In addition, single-project
programs with an LCC or initial capability cost greater than or equal to $1 billion also:

— Establish a high and low value for cost and schedule with the corresponding JCL
value at KDP B. The JCL is informed by a probabilistic analysis of development cost
and schedule duration.2°

— Update their KDP CJCL at CDR and communicate the updated JCL values for the ABC
and Management Agreement to the APMC for informational purposes.

29 The methodology for JCL analysis at KDP B is not limited to a probabilistic analysis of the coupled cost and
schedule specified for KDP C. Other parametric and bivariate methodologies may be applied.
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— Update their JCL at KDP D if current reported development costs have exceeded the
development ABC cost by 5 percent or more and document the updated JCL values
for the ABC and Management Agreement in the KDP D Decision Memorandum.

All program types plan, prepare for, and support the ASM, if required, as part of developing
the Acquisition Strategy, generally prior to SRR for single-project programs and prior to
SDR for uncoupled and loosely coupled and tightly coupled programs. The results of this
meeting are documented in the ASM Decision Memorandum or ASM meeting summary
and used to finalize the Acquisition Strategy, which is baselined at SDR for uncoupled,
loosely coupled, and tightly coupled programs. Single-project programs baseline the
Acquisition Strategy earlier at SRR to allow procurement actions earlier in Formulation.
The program Acquisition Strategy is developed by the program manager with support by
the Office of Procurement. The plan needs to be consistent with the results of the
acquisition planning process, which includes such things as assignment of lead Center,
considerations for partnering, and decisions made at the ASM.

The Acquisition Strategy:

e Is developed by the program manager, supported by the host Center’s Procurement
Officer, and needs to be consistent with NPD 1000.5, Policy for NASA Acquisition, the
results of the Agency strategic acquisition process, and the ASM.

e Documents an integrated acquisition strategy that enables the program to meet its
mission objectives and provides the best value to NASA.

¢ Identifies all major proposed acquisitions (such as engineering design study, hardware
and software development, mission and data operations support, and sustainment) in
relation to the program WBS and provides summary information on each proposed
acquisition, including a contract WBS; major deliverable items; recommended type of
procurement (e.g., competitive, Announcement of Opportunity for instruments); type of
contract (e.g., cost-reimbursable, fixed-price); source (e.g., institutional, contractor,
other Government agency, or international organization); procuring activity; and
surveillance approach.

e Identifies the major procurements that require a Procurement Strategy Meeting (PSM).

e Describes completed or planned studies supporting make-or-buy decisions, considering
NASA’s in-house capabilities and the maintenance of NASA’s core competencies, as well
as cost and best overall value to NASA.

e Describes the state of the industrial base capability and identifies potential critical and
single-source suppliers needed to design, develop, produce, support, and, if appropriate,
restart an acquisition program or project.

e Promotes sufficient program and project stability to encourage industry to invest in,
plan for, and bear its share of risk.
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Describes the internal and external mechanisms and procedures used to identify,
monitor, and mitigate supply chain risks and includes data reporting relationships that
allow continuous surveillance of the supply chain and provide for timely notification
and mitigation of potential risks.

Describes the process for reporting industrial and supply chain risks to the MDAA.
Identifies the program’s approach to strengthening SMA in contracts.

Describes all agreements, MOUs, barters, in-kind contributions, and other arrangements
for collaborative and/or cooperative relationships, including partnerships created
through mechanisms other than those prescribed in the FAR and NFS. It lists all such
agreements (the configuration control numbers, the date signed or projected dates of
approval, and associated record requirements) necessary for program success. It
includes or references all agreements concluded with the authority of the program
manager and references agreements concluded with the authority of the MDAA and
above. These include (1) NASA agreements (e.g., space communications, launch services,
inter-Center MOAs) and (2) non-NASA agreements, both domestic (e.g., U.S.

Government agencies) and international (e.g.,, MOUs).

Describes intellectual property considerations and goals for advanced technologies to
protect core NASA interests during the program life cycle; the process for respecting
and protecting privately developed intellectual property; the process for ensuring
acquisition strategies, proposals, and contract awards reflect intellectual property
considerations established for the program; the approach for ensuring that the
intellectual property strategy promotes competition for post-production sustainment
and/or modernization contracts; the approach for seeking flexible and creative
solutions to intellectual property issues that meet the desires of the parties and reflect
NASA'’s investment; the approach for ensuring procurement contracts specify both (1)
the delivery of necessary technical data and computer software and (2) the license
rights necessary for technical data and computer software; and the approach for
ensuring the delivery of technical data and computer software under procurement
contracts is marked in accordance with the contract at the time of delivery.

The program supports Procurement Strategy Meetings (PSM) for individual procurements
that require PSMs. The elements of the program Acquisition Strategy should be reflected
in any resulting PSM for individual procurement activity supporting the program
Acquisition Strategy.
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The Procurement Strategy Meeting (PSM) provides the basis for approval of the approach for
major procurements for programs and projects and ensures they are following the law
including the Federal Acquisition Regulation (FAR). Detailed PSM requirements and processes,
prescribed by the FAR and the NASA FAR Supplement (NFS) and formulated by the Office of
Procurement, ensure the alignment of portfolio, mission acquisition, and subsequent
procurement decisions. The contents of written acquisition plans and PSMs are delineated in
FAR Subpart 7.1, Acquisition Plans, NFS Subpart 1807.1, Acquisition Plans,3° and in the Guide
for Successful Headquarters Procurement Strategy Meetings.3!

All acquisitions over $10 million are required by the NASA FAR Supplement (NFS) to
conduct a PSM. The Office of Procurement at Headquarters determines which PSMs require
a Headquarters review and which can be delegated to the Centers by reviewing the
procurements on the Master Buy List, which is updated periodically by the Centers. The
PSM is chaired by the Assistant Administrator for Procurement at Headquarters. Each
Center has its own tailored procedure for Center-level PSMs and may specify who chairs
their PSMs. (It is usually the Center Procurement Officer.) The PSM covers subjects such as
how the acquisition fulfills mission need, budget and funding profile, small business
opportunities, contract type, EVM requirements, and length of contract. It implements the
decisions that flow from the higher-level meetings.

All program types identify and assess risks that threaten program requirements and
development. Uncoupled, loosely coupled, and tightly coupled programs develop a
preliminary Risk Management Plan by SRR and baseline the plan by SDR, whereas the
single-project program baselines its plan by SRR since system hardware design is being
conducted prior to SDR/MDR. This plan summarizes how the program implements the
NASA risk management process (including Risk-Informed Decision-Making (RIDM) and
Continuous Risk Management (CRM)) in accordance with NPR 8000.4, Agency Risk
Management Procedural Requirements and NASA/SP-2011-3422, NASA Risk Management
Handbook. It includes the initial risk list, appropriate actions to mitigate each risk, and the
resources needed for managing and mitigating these risks. Programs with international or
other U.S. Government agency contributions need to plan for, assess, and report on risks
due to international or other government partners and plan for contingencies.

Loosely coupled and uncoupled programs develop a Communications Plan and baseline the
plan by SDR. Tightly coupled and single-project programs develop a preliminary plan by
SRR and baseline the plan by PDR. (This plan is a best practice as opposed to a requirement.
See Section 3.5.1 for additional information on expectations associated with best practices.)
The plan is developed in collaboration with the Associate Administrator (AA) for the Office
of Communications or designee. It identifies key program milestones that will be of interest
to the general public, the media, and other key stakeholders, and it identifies plans to
engage these audiences via audio and real and/or near real-time

30 https: rod.nais.nasa.gov/far/far0595-nfs012617/1807.htm
31 https://ooptechportal.hg.nasa.gov/Documents /NASA%20PSM%20Guide.pdf
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high-resolution video and/or imagery for each milestone including during full mission
operations. The plan summarizes how these efforts will promote understanding of and
engagement with program objectives, elements, benefits, and contributions to overarching
NASA goals. Resources and technical requirements for implementation of communications
for the general public, media, and other key stakeholders are identified in collaboration
with the Office of Communications AA or designee. (See the Communications Plan
Template on the website for the Office of Communications,
http://communications.nasa.gov/content/nasa-comm-guidelines.)

Uncoupled, loosely coupled, and tightly coupled programs develop a preliminary
Knowledge Management Plan by SRR and baseline the plan by SDR; the single-project
program develops a preliminary plan by SDR/MDR and baselines the plan at PDR. (This
plan is a best practice as opposed to a requirement. See Section 3.5.1 for additional
information on expectations associated with best practices.) This plan describes the
program’s approach to creating the program’s knowledge management strategy and
processes, including practices and approaches for identifying, capturing and transferring
knowledge; examining the lessons learned database for relevant lessons that can be
reflected into the program early in the planning process to avoid known issues; and
continuously capturing, documenting, and using lessons learned throughout the program
life cycle in accordance with NPD 7120.4, NASA Engineering and Program/Project
Management Policy and as described in NPD 7120.6, Knowledge Policy for Programs and
Projects and other appropriate requirements and standards documentation.

3.34 Technical Activities and Products

For all program types, the program team continues to develop the architecture of the
program and document its major structural elements, including functional elements and
projects, required to make the program work. The architecture includes how the major
program components (hardware, software, human systems) will be integrated and are
intended to operate together and with heritage systems, as applicable, to achieve program
goals and objectives. By implication, the architecture defines the system-level processes
necessary for development, production, human systems integration, verification,
deployment, operations, support, disposal, and training. The architecture also includes
facilities, logistics concepts, and planned mission results and data analysis, archiving, and
reporting. The architecture development process usually considers a number of alternative
approaches to both the architecture and the program’s Concept Documentation.

Tightly coupled programs and single-project programs develop the Concept
Documentation and candidate (preliminary) mission, spacecraft, and ground systems
architectures. The Concept Documentation includes all activities such as integration and
test, launch integration, launch, deployment and on-orbit checkout (robotic programs) or
initial operations (human space flight programs), in-space operations, landing and
recovery, as applicable, and decommissioning and disposal.
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In analyzing the Concept Documentation, tightly coupled programs and single-project
programs develop the preliminary approach to verification and validation, system
integration, and human rating, if applicable. Tightly coupled programs and single-project
programs assess unique workforce and infrastructure needs and include these
requirements in the initial concept(s).

As the tightly coupled or single-project program approaches the MCR, it develops and
documents at least one feasible preliminary concept (included as part of Concept
Documentation in NPR 7120.5F, Table I-6 and Table 3-5 at the end of this chapter),
including the key preliminary ground rules and assumptions that drive the concept(s). A
feasible concept is one that is probably achievable technically within the cost and schedule
resources allocated by the Mission Directorate. This preliminary concept includes key
drivers, preliminary estimates of technical margins for candidate architectures, and a
preliminary Master Equipment List (MEL). (If applicable, tightly coupled programs develop
the preliminary MEL no later than SRR.) This concept is sometimes referred to as the
mission concept, particularly in the robotic community. As a minimum, the principal
concept will be approved following the MCR and KDP A. Future changes to this concept
(and others if approved for further study) will be identified at each follow-on life-cycle
review and KDP so that management understands how the concept is evolving as
formulation progresses.

The term “concept documentation” used in NPR 7120.5 is the documentation that captures
and communicates a feasible concept at MCR that meets the goals and objectives of the
mission, including results of analyses of alternative concepts, the concept of operations
(baselined at MCR per NPR 7123.1), preliminary risks, and potential descopes. (Descope is a
particular kind of risk mitigation that addresses risks early in the program Formulation
Phase.)

The Master Equipment List (MEL) summarizes all major components of each flight element
subsystem and each instrument element component. Description for each major component
includes current best estimates and contingency allocation for mass and power (including for
individual components), number of flight units required, and some description of the heritage
basis. Power values generally represent nominal steady-state operational power requirements.
Information includes identification of planned spares and prototypes, required deliveries
and/or exchanges of simulators for testing, and other component descriptions and/or
characteristics. Certain items (like electronic boxes and solar arrays) usually include
additional details to identify and separate individual elements. The MEL is useful to single-
project program managers for understanding where the design is, where the mass is being
carried, what the power needs are, what the margins are, and what the values of other
parameters are as the single-project program progresses in development.

Based on the leading concept, the tightly coupled and single-project programs develop and
mature the initial mission objectives and requirements and develop a mission or science
traceability matrix that shows how the requirements flow from the objectives of the
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mission through the operational requirements (such as science measurement
requirements) to the top-level infrastructure implementation requirements (such as orbit
characteristics and pointing stability). At this point, tightly coupled and single-project
programs, with guidance from their stakeholders, begin to select technical standards for
use as program requirements in accordance with NPR 7120.10, Technical Standards for
NASA Programs and Projects. Based on currency and applicability, technical standards
required by law and those designated as mandatory by NPDs and NPRs are selected first.
When all other factors are the same, NASA promotes the use of voluntary consensus
standards when they meet or can be tailored to meet the needs of NASA and other
Government agency technical standards.

In addition, single-project programs develop an initial assessment of engineering
development needs, including defining the need for engineering prototypes and models
for the higher-risk components and assemblies that have not been previously built or flown
in the planned environment and testing them to demonstrate adequate performance. As
with technology development, identification at this point will enable single-project
programs to plan and initiate engineering development activities early in Formulation
knowing that the funding has been planned for these activities.

For concepts and architectures that plan to use heritage systems, single-project programs
use NASA/SP-2016-6105, Systems Engineering Handbook, Appendix G. Technology
Assessment/Insertion to develop an initial assessment of heritage hardware and
software systems that may be utilized outside the environments and configurations for
which they were originally designed and used.

All these activities help tightly coupled and single-project programs develop an initial
assessment of preliminary technical risks for candidate architectures.

If not already defined, single-project programs identify their payload risk classification in
accordance with NPR 8705.4, Risk Classification for NASA Payloads.

In accordance with NPR 8735.2, Hardware Quality Assurance Program Requirements for
Programs and Projects, all programs develop the preliminary Industrial Base and Supply
Chain Risk Management (SCRM) Strategy and Status. This product is developed by
single-project programs in preparation for MCR and updated by SRR. Loosely coupled,
uncoupled, and tightly coupled programs develop this product in preparation for SRR.
Single-project programs also develop the preliminary Criticality Identification Method
for Hardware and the preliminary Hardware Quality Data Management Analytics in
preparation for MCR and update these products at SRR. (The Hardware Quality Data
Management Analytics is a best practice as opposed to a requirement. See Section 3.5.1 for
additional information on expectations associated with best practices.)

Following the SRR, tightly coupled and single-project programs update the Concept
Documentation, architectures, and requirements based on the results of the SRR and
continue to perform analyses and trades in support of concept or design refinement.
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Single-project programs develop and update Design Documentation for use during peer
reviews, subsystem reviews, and system reviews during Formulation and establish the
preliminary Design Documentation at PDR.

Single-project programs implement engineering development plans, heritage hardware
and software assessments, and risk mitigation plans identified in their Formulation
Agreement for Phase A. As these risk reduction plans are executed, single-project
programs monitor, assess, and report the status of engineering development results and
heritage assessments.

To provide additional options in case development begins to exceed the resources allocated,
tightly coupled and single-project programs typically begin to develop an initial list of
descope options. Descope is a particular kind of risk mitigation that addresses risks early in
the program Formulation Phase. Documentation of tightly coupled and single-project
programs’ descope plans typically includes a detailed description of the potential descope,
the effect of the descope on tightly coupled and single-project programs’ success criteria,
the cost and schedule savings resulting from the descope, and key decision dates by when
the descope needs to be exercised to realize these savings.

Tightly coupled programs and single-project programs develop preliminary Systems
Safety Analyses by PDR as required by NPR 7120.5 and NPR 8715.3, NASA General Safety
Program Requirements. (The Systems Safety Analyses are baselined at CDR and updated at
SIR, ORR, and MRR/FRR.)

Loosely coupled, uncoupled, and tightly coupled programs baseline the Industrial Base
and Supply Chain Risk Management (SCRM) Strategy and Status by SDR. Tightly
coupled programs also update this product at PDR. (Loosely coupled and uncoupled
programs update this product in preparation for PIRs during the Implementation phase.)
Single-project programs update the preliminary Industrial Base and Supply Chain Risk
Management (SCRM) Strategy and Status, the Criticality Identification Method for
Hardware, and the Hardware Quality Data Management Analytics by SDR and baseline
these products by PDR. (The Hardware Quality Data Management Analytics is a best
practice as opposed to a requirement. See Section 3.5.1 for additional information on
expectations associated with best practices.)

For all program types, the program team assesses the ability of the program and its
component project(s) and all contributors to the program and its projects (including
contractors, industrial partners, and other partners) to use the International System of
Units (SI), commonly known as the Systeme Internationale (SI) or metric system of
measurement. This assessment determines an approach that maximizes the use of SI while
minimizing short- and long-term risk to the extent practical and economically feasible or to
the extent that the supply chain can support utilization without loss of markets to U.S. firms.
Use of the SI or metric system of measurement is especially encouraged in cooperative
efforts with international partners. This assessment documents an integration strategy if
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both SI and U.S. customary units are used in the program or its projects. The assessment is
completed and documented in the Program Plan no later than the SDR/MDR. To the
degree possible, programs need to use consistent measurement units throughout all
documentation to minimize the risk of errors.

All programs that plan to develop technologies develop a Technology Development Plan.
(This plan is a best practice as opposed to a requirement. See Section 3.5.1 for additional
information on expectations associated with best practices.) Generally, technologies
developed at the program level cut across projects within the program. Uncoupled, loosely
coupled, and tightly coupled programs develop a preliminary Technology Development
Plan prior to SRR and baseline the plan at SDR. The single-project program baselines its
plan by MCR so that technology requirements can be implemented early in Formulation.
The Technology Development Plan describes:

e The technology assessment, development, management, and acquisition strategies
(including intellectual property considerations) needed to achieve the program’s
mission objectives.

e How the program will assess its technology development requirements, including how
the program will evaluate the feasibility, availability, readiness, cost, risk, and benefit of
the new technologies and ensure timely reporting of new technologies to the Center
Technology Transfer Office and supporting technology transfer activities as described
in NPR 7500.2, NASA Technology Transfer Requirements.

e How the program will identify opportunities for leveraging on-going technology efforts.

e How the program will transition technologies from the development stage to the
manufacturing and production phases.

e The supply chain needed to manufacture the technology and any costs and risks
associated with the transition to the manufacturing and production phases, including
appropriate mitigation plans for the identified risks.

e The program’s strategy for ensuring that there are alternative development paths
available in case technologies do not mature as expected. (Refer to NPR 7123.1 for TRL
definitions and NASA/SP-20205003605, Technology Readiness Assessment Best Practices
Guide, which can be found in NODIS on the OCE tab under the “Other NASA-Level
Documents” menu.)

e How the program will remove technology gaps, including maturation, validation, and
insertion plans, performance measurement at quantifiable milestones, off-ramp
decision gates, and resources required.

e How the program will ensure that all planned technology exchanges, contracts, and
partnership agreements comply with all laws and regulations regarding export control
and the transfer of sensitive and proprietary information.

e How the program will transition technologies from the development stage to
manufacturing, production, and insertion into the end system, including any potential
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costs and risks associated with the transition to manufacturing, production, and
insertion and appropriate mitigation plans for the identified risks.

In accordance with NPR 8705.2, Human-Rating Requirements for Space Systems for crewed
missions and NPR 8705.4, Risk Classification for NASA Payloads for uncrewed missions and
payloads, programs develop a Safety and Mission Assurance (SMA) Plan. Loosely
coupled, uncoupled, and tightly coupled programs develop a preliminary SMA Plan by SRR
and baseline the plan by SDR. Single-project programs baseline their plan at SRR to ensure
that proper SMA procedures are in place for the system design activities. The SMA Plan
reflects a program life-cycle SMA process perspective, addressing areas including SMA
domain management and SMA domain integration (e.g., for safety, reliability,
maintainability, quality, planetary protection) with other engineering and management
functions (e.g., concept and design trade-studies, risk analysis and risk assessments, risk-
informed decision making, fault tolerance and contingency planning, knowledge

capture, hardware and software design assurance, supply chain risk management

and procurement, hardware and software design verification and test, manufacturing
process design and control, manufacturing and product quality assurance, system
verification and test, pre-flight verification and test, operations, maintenance, logistics
planning, maintainability and sustainability, operational reliability and availability,
decommissioning, and disposal). In addition, the SMA Plan describes:

e How the program will develop and manage a closed-loop problem reporting and
resolution system and how it develops, tracks, and resolves problems. The data-
collection process needs to be well-defined and include a data collection system for
hardware and software problem and anomaly reports, problem analysis, and corrective
action.

e The program’s approach to flow down requirements as appropriate to external
developers and suppliers in acquisitions (e.g., contracts and purchase orders).

e How the program will develop, evaluate, and report indications of SMA program
maturity and effectiveness at life-cycle reviews or other executive reviews including
through the use of metrics and indicators that are not otherwise included in formal
life-cycle review deliverables or are not elements of the Certification of Flight Readiness
(COFR) process (e.g., satisfactory progress towards human rating).

Loosely coupled, uncoupled, and tightly coupled programs develop a preliminary Systems
Engineering Management Plan (SEMP) that includes the content required by NPR 7123.1
by SRR and baseline the plan by SDR. Single-project programs baseline their plan at SRR to
ensure that proper system engineering procedures are in place for the system design
activities. Single-project programs update their SEMP at SDR/MDR and PDR. The plan
summarizes the key elements of the program systems engineering and includes
descriptions of the program’s overall approach for systems engineering. The systems
engineering process typically includes system design and product realization processes
(implementation and/or integration, verification and validation, and transition), as well as
the technical management processes.
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If applicable, in accordance with NPR 7120.5 and NPR 7123.1, tightly coupled and single-
project programs develop a Human Systems Integration (HSI) Plan. The HSI Plan is
baselined at SRR and updated at SDR (SDR/MDR for single-project programs) and PDR.
This plan describes how human systems integration and human-centered design will be
integrated into the program design process and life cycle, including what types of human
systems integration resources, tools, analysis, testing, and products will be employed or
developed to ensure successful human systems integration, thereby reducing mission risk
and total life-cycle cost while increasing overall safety. The plan also describes roles and
responsibilities related to implementation of HSI. (See NASA/SP-20210010952, NASA
Human Systems Integration Handbook for additional information.)

Tightly coupled and single-project programs develop a preliminary Verification and
Validation Plan by SDR (SDR/MDR for single-project programs) and baseline the plan by
PDR. This plan summarizes the approach for performing verification and validation of the
program products. It indicates the methodology to be used in the verification and
validation (test, analysis, inspection, or demonstration) as defined in NPR 7123.1.

All programs develop a preliminary System Security Plan by SRR in accordance with NPR
2810.1, Security of Information and Information Systems. Uncoupled and loosely coupled
programs baseline the plan by SDR and update the plan for PIRs; tightly coupled and single-
project programs update the plan by PDR and baseline the plan by CDR. This plan identifies
and prepares a System Security Plan for each information system. The System Security Plan
provides an overview of the security requirements for an information system and describes
the security controls in place or planned for meeting those requirements. System Security
Plans are generated and stored within the NASA Risk Information and Security Compliance
System (RISCS) at https://riscs-info.nasa.gov/. Multiple systems may be covered under a
single System Security Plan. Controls selected within the System Security Plan are included
as system requirements for the system or systems covered by the plan. This plan also
describes the program’s approach to implementing cybersecurity requirements in
accordance with NPR 2810.1, Security of Information and Information Systems if there are
requirements outside the scope of the System Security Plan(s).

All programs develop and baseline a Review Plan by SRR in time to establish the
independent SRB and permit adequate planning and definition of the program’s approach
for conducting the series of reviews. The reviews include internal reviews and program
life-cycle reviews in accordance with Center best practices, Mission Directorate review
requirements, and the requirements in NPR 7123.1 and NPR 7120.5. The Review Plan
identifies the life-cycle reviews the program plans to conduct and the purpose, content, and
timing of those life-cycle reviews, and documents any planned deviations or waivers
granted from the requirements in NPR 7123.1 and NPR 7120.5F, including tailoring to
accommodate aspects of innovative acquisition approaches. The Review Plan also specifies
the considerations that will be used to trigger a discussion on the need for a PIR with the
NASA AA. (See Section 5.11.3.) It also provides the technical, scientific, schedule, cost, and
other criteria that will be used in the consideration of a Termination Review.
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Single-project programs that plan continuing operations and production, including
integration of capability upgrades, with an unspecified Phase E end point, define the initial
capability in the Review Plan for KDP B if the initial capability is not the first operational
mission flight.

For tightly coupled programs, the Review Plan documents the program life-cycle review
requirements on the supporting projects that represent an integrated review process for
the various projects. When multiple Centers are involved, review plans take into
consideration the participating Centers’ review process best practices. For each program
life-cycle review and KDP, the Review Plan documents the sequencing of the associated
project life-cycle reviews and KDPs, i.e., whether the associated project life-cycle reviews
and KDPs precede or follow the program life-cycle review and KDP. In addition, the plan
documents which projects need to proceed to their KDPs together, which projects need to
proceed to their KDPs simultaneously with the program KDP, and which projects may
proceed to their KDPs as individual projects. The sequencing of project life-cycle reviews
and KDPs with respect to program life-cycle reviews and KDPs is especially important for
project PDR life-cycle reviews that precede the KDP Cs. At KDP C, the Agency makes project
technical, cost, and schedule commitments to its external stakeholders at the established
JCL in accordance with NPR 7120.5 requirements. Since changes to one project can easily
impact other projects’ technical, cost, and schedule baselines, and potentially impact other
projects’ risk assessments and mitigation plans, projects and their program may need to
proceed to KDP I/KDP C together.

All programs develop NEPA Compliance Documentation. Uncoupled, loosely coupled, and
single-project programs baseline the documentation by SDR. Tightly coupled programs
develop preliminary documentation by SDR and baseline the documentation by PDR. The
program identifies the level of NEPA analysis planned to comply with NPR 8580.1,
Implementing the National Environmental Policy Act and Executive Order 12114. The NEPA
Compliance Documentation is prepared based on consultation with the appropriate NEPA
manager (Center NEPA Manager or Mission Direction NEPA Liaison) and describes the
program's NEPA strategy at all affected Centers, including decisions regarding
programmatic NEPA documents. Critical NEPA milestones are inserted into the program
schedule if preparation of an Environmental Assessment or Environmental Impact
Statement is planned.

Early in Formulation, tightly coupled and single-project programs develop a logistics
support concept that supports the overall mission concept and that accommodates the
specific characteristics of the program’s component projects, including identifying the
infrastructure and procurement strategies necessary to support the program. This concept
typically includes expected levels of contractor effort for life-cycle logistics support
functions through all life-cycle phases. These logistics support concepts are integrated into
the system design process. Tightly coupled and single-project programs finalize a
preliminary Integrated Logistics Support (ILS) Plan by SDR/MDR (SDR for tightly
coupled programs) and baseline the document by PDR. The Integrated Logistics Support
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Plan describes how the program will implement NPD 7500.1, Program and Project Life-
Cycle Logistics Support Policy, including a maintenance and support concept; participation
in the design process to enhance supportability; supply support, including spares,
procurement and replenishment, resupply and return, and supply chain management
related to logistics support functions; maintenance and maintenance planning; packaging,
handling, and transportation of deliverable products; technical data and documentation;
support and test equipment; training; manpower and personnel for ILS functions; facilities
required for ILS functions; and logistics information systems for the life of the program.

Tightly coupled and single-project programs develop a preliminary Science Data
Management Plan by PDR that describes how the program will manage the scientific data
generated and captured by the operational mission(s) and any samples collected and
returned for analysis. (This plan is a best practice as opposed to a requirement. See Section
3.5.1 for additional information on expectations associated with best practices.) For
uncoupled and loosely coupled programs, this plan is developed at the project level. The
plan includes descriptions of how data will be generated, processed, distributed, analyzed,
and archived. It also describes how any samples will be collected and stored during the
mission and managed when returned to Earth, including any planetary protection
measures. The plan typically includes definitions of data rights and services and access to
samples, as appropriate, and identifies where the preliminary science data requirements
will be documented. (These requirements should be documented by SRR.) The plan is
developed in consultation with the Mission Directorate data leads and the Office of the
Chief Information Officer (OCIO) early in the program life cycle to ensure that metadata
standards and data formats are appropriately considered and that infrastructure and
security requirements are addressed. The plan explains how the program will accomplish
the information management and disposition requirements in NPD 2200.1, Management of
NASA Scientific and Technical Information, NPR 2200.2, Requirements for Documentation,
Approval and Dissemination of Scientific and Technical Information, and NPR 1441.1, NASA
Records Management Program Requirements as applicable to program science data. The
plan further describes how the program will adhere to all NASA sample handling, curation,
and planetary protection directives and rules, including NPR 8715.24, Planetary Protection
Provisions for Robotic Extraterrestrial Missions.

All program types develop a Configuration Management Plan early in Formulation to
assist the program in managing requirements and the control plans that are needed before
the Program Plan is finalized. Uncoupled and loosely coupled programs develop and
baseline the plan by SDR/MDR. Single-project programs develop and baseline the plan by
SRR and update it by SDR/MDR and PDR. Tightly coupled programs develop a preliminary
plan by SRR, baseline the plan by SDR, and update the plan by PDR. Configuration
management addresses hardware, software, and firmware. This plan describes the
configuration management approach the program team will implement, consistent with
NPR 7123.1 and SAE/EIA 649, Configuration Management Standard. It describes:
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e The configuration management planning and management function including the
configuration management organization and tools to be used.

e The methods and procedures to be used for configuration identification, configuration
control, interface management, configuration change management; configuration
verification and audit; and configuration status accounting and communications.

e How configuration management will be audited.

e How contractor configuration management processes will be integrated with the
program.

All program types develop a Security Plan. Uncoupled and loosely coupled programs
develop and baseline the plan by SDR. Tightly coupled and single-project programs develop
a preliminary plan by SDR/MDR (SDR for tightly coupled programs) and baseline the plan
by PDR. This plan describes the program’s plans for ensuring security, including security
requirements and emergency response requirements. It describes the program’s approach
for planning and implementing the requirements for physical, personnel, and industrial
security, and for security awareness and education requirements in accordance with NPR
1600.1, NASA Security Program Procedural Requirements. The plan also describes the
program’s emergency response plan to meet the emergency response requirements in NPR
1040.1, NASA Continuity of Operations (COOP) Planning Procedural Requirements and
defines the range and scope of potential crises and specific response actions, timing of
notifications and actions, and responsibilities of key individuals.

All program types develop a Technology Transfer Control Plan. Uncoupled and loosely
coupled programs develop and baseline the plan by SDR. Tightly coupled and single-project
programs develop a preliminary plan by SDR (SDR/MDR for single-project programs) and
baseline the plan by PDR. This plan describes how the program will implement the export
control requirements specified in NPR 2190.1, NASA Export Control Program.

Single-project programs develop an initial assessment of orbital debris (Initial ODAR)
per NPR 8715.6, NASA Procedural Requirements for Limiting Orbital Debris and Evaluating
the Meteoroid and Orbital Debris Environments in accordance with the formats and contents
described in NASA-STD-8719.14, Process for Limiting Orbital Debris.32 The Initial ODAR
provides a brief description of the mission including potential launch vehicles, launch site,
and the spacecraft (including appendages such as solar arrays, antennas, and instruments).
It describes the type of propulsion systems planned, any radioactive materials or other
non-propulsion system hazardous materials that will be on board, and the operational
orbital maintenance requirements. The Initial ODAR also includes a summary of the Orbital
Debris Limitations by providing answers to questions such as whether propellant and
pressurant tanks can be emptied at end of mission or if there are components that may
survive reentry. The responses to the Orbital Debris Limitations questions convey the
intended plan for the spacecraft and launch vehicle being presented at the Acquisition

32 https://standards.nasa.gov/standard /nasa/nasa-std-871914
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Strategy Meeting (ASM). The initial ODAR is due at MCR. The single-project program
develops the preliminary design Orbital Debris Assessment Report (ODAR) by PDR in
accordance with NPR 8715.6 using the format and requirements contained in NASA-STD-
8719.14, Process for Limiting Orbital Debris. For uncoupled, loosely coupled, and tightly
coupled programs, these assessments are performed at the project level.

If a tightly coupled or single-project program includes human space flight systems, the
program develops a Human-Rating Certification Package (HRCP) per NPR 8705.2,
Human-Rating Requirements for Space Systems. The initial HRCP is delivered at SRR;
updated at SDR/MDR (SDR for tightly coupled programs), PDR, CDR, and ORR; and certified
at MRR/FRR. Human-rating certification focuses on the integration of the human into the
system, preventing catastrophic events during the mission and protecting the health and
safety of humans involved in or exposed to space activities, specifically the public, crew,
passengers, and ground personnel.

All programs develop a preliminary Quality Assurance Surveillance Plan by SRR and
baseline the plan by SDR (SDR/MDR for single-project programs). This plan is developed
per NPR 8735.2, Hardware Quality Assurance Program Requirements for Programs and
Projects and NASA FAR Supplement (NFS) Part 1837.604, Quality assurance surveillance
plans. The plan provides a consolidated set of detailed instructions for the performance of
Government contract quality assurance review and evaluation for the project and might
include contractor documents, data, and records; products and product attributes;
processes; quality system elements and/or attributes; and requirements related to quality
data analysis, nonconformance reporting and corrective action tracking and resolution, and
final product acceptance.

Tightly coupled and single-project programs develop and finalize the Orbital Collision
Avoidance Plan (OCAP) per NASA Interim Directive (NID) 7120.132, Collision Avoidance for
Space Environment Protection and baseline the plan by PDR. The plan describes how the
program implements the design considerations and preparation for operations to avoid
in-space collisions and provides a program overview including a concept of operation, how
orbit selection was performed, the spacecraft’s ascent and disposal plan, how the
spacecraft’s location tracking data will be generated, and whether there will be any
autonomous flight control. The plan discusses how the spacecraft’s design will enable it to
be acquired and tracked by the Space Surveillance Network and cataloged by the U. S. Space
Command, and it describes the process for routinely coordinating with other owners and
operator(s) for maneuvering. (See NID 7120.132 for more detail and a plan template.)

Single-project programs work with the Mission Directorate to develop a preliminary
Mishap Preparedness and Contingency Plan in accordance with NPR 8621.1, NASA
Procedural Requirements for Mishap and Close Call Reporting, Investigating, and
Recordkeeping in preparation for PDR.
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Single-project programs without a project (for example, the Space Launch System (SLS))
are required to prepare the following technical products and control plans in accordance
with Table I-6 and Table I-7 in NPR 7120.5F. These technical products and control plans

are described in the appropriate paragraphs in Chapter 4:

e Payload Safety Process Deliverables

e Project-Level, System, and Subsystem Requirements

e Software Management Plan

e Integration Plan

e Planetary Protection Plan

¢ Nuclear Launch Authorization Plan

¢ Range Safety Risk Management Process Documentation

e Project Protection Plan

Tightly coupled programs also prepare an Integration Plan.

3.3.5 Completing Formulation Activities and Preparing for Implementation
3.3.51 Establishing the Program’s Baseline

As a program approaches its milestone for approval to enter Implementation, KDP [ (KDP C
for single-project programs), the program team finalizes the baselines: technical (including
requirements), resource (including funding, NOA, infrastructure, and staffing), and cost and
schedule. Once approved and documented in the Decision Memorandum, these baselines
are maintained under configuration control as part of the Program Plan. Section 5.5
provides additional detail on maturing, approving, and maintaining cost and schedule
baselines.

Single-project programs (and other programs at the discretion of the MDAA) with EVM
requirements also develop and baseline the Performance Measurement Baseline (PMB) at
PDR. The Mission Directorate conducts a program-level Integrated Baseline Review (IBR)
in preparation for KDP I (KDP C for single-project programs). (Section 5.14 provides
additional detail on updating the PMB and conducting IBRs.)

The program documents the driving ground rules and assumptions and constraints
affecting the resource baseline. (See Section 3.3.3.5 for details on the resource baseline.)
When the project resource baselines are approved, the Program Plan is updated with the
approved project baselines.

All programs are required to have a Program Commitment Agreement (PCA) approved
to proceed into Implementation. (For a definition, see Section 3.3.2.1.) Programs support
the MDAA in developing the preliminary PCA when required. Uncoupled and loosely
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coupled programs prepare a preliminary PCA by SRR. Tightly coupled and single-project
programs prepare their preliminary PCAs as part of their SDR/MDR (SDR for tightly
coupled programs) preparations. All programs support the MDAA in finalizing and
obtaining approval of the PCA in preparation for their KDP I (KDP C for single-project
programs). The PCA is baselined at SDR for uncoupled and loosely coupled programs and at
PDR for tightly coupled and single-project programs.

Uncoupled, loosely coupled, and tightly coupled programs support the MDAA in the
selection of projects, either directly assigned or through a competitive process.

All programs develop the program’s plans for work to be performed during the
Implementation Phase.

All programs summarize and document the results of Formulation activities. The programs
generate the appropriate documentation in accordance with Appendix G of NPR 7123.1;
Tables I-1, I-2, I-3, and I-6 and I-7 of NPR 7120.5F; and Tables 3-2, 3-3, 3-4, 3-5, and 3-6 at
the end of this chapter. These documentation requirements may be satisfied, in whole or in
part, by the FAD, the basis of cost and schedule estimates, draft and preliminary versions of
program documents and plans, and the final LCR briefing packages.

3.3.5.2 Program Reporting Activities and Preparing for Major Milestones
3.3.5.2.1 Program Reporting

The program reports to the Center, as requested by the Center, on whether Center
engineering, safety and mission assurance, health and medical, and management best
practices (e.g., program and project management, resource management, procurement,
institutional best practices) are being followed, and whether Center resources support
program or project requirements. The program also provides program and project risks
and the status and progress of activities so the Center can identify and report trends and
provide guidance to the Agency and affected programs and projects. The CMC (or
equivalent) provides its findings and recommendations to program managers and to the
appropriate program management councils regarding the performance and technical and
management viability of the program prior to the KDPs.

Aside from the Center and Agency reporting already mentioned, many stakeholders will be
interested in the status of the program from Congress on down. The program manager will
probably be required to report status and performance in many forums, including Mission
Directorate monthly meetings and the Agency’s monthly BPRs. (See Section 5.12 for further
information regarding potential program external reporting.)

3.3.5.2.2 Program Internal Reviews

Prior to the program Formulation life-cycle reviews, programs conduct internal reviews in
accordance with NPR 7123.1, Center practices, and NPR 7120.5. These internal reviews are
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the decisional meetings where the programs solidify their plans, technical approaches, and
programmatic commitments. This is accomplished as part of the normal systems
engineering work processes defined in NPR 7123.1 where major technical and
programmatic requirements are assessed along with the system design and other
implementation plans. Major technical and programmatic performance metrics are
reported and assessed against predictions.

For tightly coupled and single-project programs:

Non-SRB program technical reviews are divided into several categories: major systems
reviews (one or two levels down from the program), Engineering Peer Reviews (EPRs),
internal reviews, and tabletop reviews. Program systems reviews are major technical
milestones of the program that typically precede the life-cycle review, covering major
systems milestones such as the completion of a spacecraft, instrument, or ground
system design. The technical progress of the program is assessed at key milestones such
as these systems reviews to ensure that the program’s maturity is progressing as
required. In many cases, these reviews are conducted by the program in coordination
with a Center-sponsored independent review panel if the Center is using these reviews
as one means to oversee the program’s work. In these cases, the program manager
works with the Center to ensure that there is a suitable independent review panel in
place for each such review and works with systems engineering to ensure that clear
technical criteria and an agreed agenda have been established well in advance of each
such review.

System engineering collects and reviews the documentation that demonstrates the
technical progress planned for the major systems review and submits the materials as a
data package to the review team prior to the review. This allows adequate review by
the selected technical representatives to identify problems and issues that can be
discussed at the review. Systems engineering is responsible for the agenda,
organization, and conduct of the systems review as well as for obtaining closure on any
action items and corrective actions. Systems engineering acts as recorder, noting all
comments and questions that are not adequately addressed during the presentations.
At the conclusion of a major systems review, the independent review panel, if in place,
makes a determination as to whether the predetermined criteria for a successful review
have been met and makes a recommendation on whether the system is ready to
proceed into the next phase of its development.

An EPR can address an entire system or subsystem, but more typically addresses a
lower-level assembly or component. An EPR is a focused, in-depth technical review of a
subsystem, lower-level assembly, or component, which adds value and reduces risk
through expert knowledge infusion, confirmation of approach, and specific
recommendations. The mission systems engineer works with the respective product
manager (program manager, program formulation manager, instrument manager, or
Principal Investigator (PI)) to ensure that the EPR review panel is comprised of
technical experts with significant practical experience relevant to the technology and
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requirements of the subsystem, lower-level assembly, or component to be reviewed.
The key distinction between an EPR and a major subsystem review is that the review
panel is selected by personnel supporting the program and not by the Center. An EPR
plan is produced that lists the subsystems, lower-level assemblies, and components to
be reviewed, and the associated life-cycle milestones for the reviews. A summary of
results of the EPRs is presented at each major subsystem review and/or at each
life-cycle review.

e Additional program technical reviews sometimes called “internal reviews” or “tabletop
reviews” are conducted by program team members as necessary and are one of their
primary mechanisms for internal technical program control. These reviews follow the
general protocols described above for subsystem reviews and EPRs.

3.3.5.2.3 Preparing for Approval for Program Transition

Programs support the program Formulation LCRs (SRR, SDR/MDR, and PDR) in accordance
with NPR 7123.1, Center practices, and NPR 7120.5, including the LCR objectives and
expected maturity states defined in Appendix E of this handbook and in NPR 7120.5F
Appendix I. LCR entrance and success criteria in NPR 7123.1 and the life-cycle phase and
KDP information in the maturity states tables in Appendix E of this handbook provide
specifics for addressing the six criteria required to demonstrate the program has met the
expected maturity state. MCRs are generally conducted by the Center, but the Decision
Authority may request an SRB to perform this review. If this is the case, Section 5.10 and
NASA/SP-2016-3706, NASA Standing Review Board Handbook provide guidance.

Program teams plan, prepare for, and support the governing PMC review prior to KDP 0
(KDP B for single-project programs) if required by the Decision Authority and prior to
KDP I (KDP C for single-project programs). They provide or obtain the KDP readiness
products listed in Section 3.2.3.

Once the KDP has been completed and the Decision Memorandum signed, the program
team updates its documents as required and plans to reflect the decisions made and actions
assigned at the KDP.

3.4 Program Implementation

Program Implementation begins when the program receives approval to proceed to
Implementation with the successful completion of KDP I (KDP C for single-project
programs) and a fully executed Decision Memorandum. Implementation encompasses
program acquisition, operations, and sustainment. If constituent projects have not already
been initiated, or if new projects are identified, projects may be initiated during program
Implementation. Constituent projects’ formulation, approval, implementation, integration,
operation, and ultimate decommissioning are constantly monitored. The program is
adjusted to respond as needs, risks, opportunities, constraints, resources, and
requirements change, managing technical and programmatic margins and resources to
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ensure successful completion of Implementation. The program develops products required
during Implementation in accordance with the applicable program Product Maturity tables
(Tables 3-2, 3-3, 3-4, 3-5, 3-6) at the end of this chapter.

Single-project programs have the characteristics of very large projects and are run with
requirements similar to the project requirements in NPR 7120.5.

Tightly coupled programs oversee the implementation and integration of the projects in
the program. For projects that are part of tightly coupled programs, project LCRs and KDPs
should be planned in accordance with the project life cycle and KDP sequencing guidelines
in the Program Plan to ensure that the program and all its projects are properly integrated,
including proper interface definition and resource allocation across all internal projects
and with external programs and organizations. Tightly coupled programs have many of the
characteristics of single-project-programs and develop the technical products required for
single-project programs (see Table 3-5) in NPR 7120.5, in some cases in conjunction with,
or by the constituent projects.33

Uncoupled and loosely coupled programs oversee the implementation of the projects in the
program, helping with funding, assisting the MDAA in such activities as selecting projects,
performing systems engineering between projects, and potentially developing and
ensuring technology insertion at appropriate points of the program.

As the program evolves and matures, the program manager ensures that the Program Plan
and the attendant program resources remain aligned. Program LCRs for uncoupled or
loosely coupled programs ensure that the program continues to contribute to Agency and
Mission Directorate goals and objectives within funding constraints. Program LCRs for
tightly coupled programs ensure that the program’s projects are properly integrated as
development and operations activities are implemented. In some cases, programs may
recycle through Formulation when program changes are sufficient to warrant such action.

The general flow of activities for the various program types in Implementation are shown
in Figures 3-11, 3-12, and 3-13.

33 See Appendix H in this handbook for a list of technical products that the tightly coupled program develops
and a list of technical products that may be developed by constituent projects or the tightly coupled program,
as determined by the program.
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PIR
Maintain program office, management structure, and management processes; implement the Program Plan; perform planning and control functions

Support MD in maintaining requirements and constraints

Support MD and OIIR in developing and maintaining partnerships as required

Support MD in selecting, approving, and terminating projects as required

[ Support MD in updating PCA, if required

Maintain requirements down to the project level

Conduct system engineering, if required

Update technical control plans as required

Update and maintain key ground rules and assumptions that drive program activities

Update and maintain top technical, cost, schedule, and safety risk lists, risk mitigation plans, and resource requirements

Update and maintain program schedule

Update and maintain cost estimates

Implement procurement plans in accordance with Acquisition Strategy

Update Program Plan and required control plans as required

Y Y Y Y

Initiate projects and oversee and integrate project activities as required

[ Update program’s plans for Implementation

[ Report plans, progress, and results at CMCs, life-cycle reviews, PMCs, KDPs, and other forums and mediums as required
[ Prepare for PIR and KDP

— A A A A A A A — A — A A

D Program management, planning, and control tasks D Technical work the program is doing

D Work for which Headquarters is responsible but the program helps accomplish (e.g., International partnerships are a Headquarters
responsibility, but the programs help develop and finalize those partnerships)

MD = Mission Directorate
OIIR = Office of International and Interagency Relations

Note: These are typical high-level activities that occur during this program phase. Placement of reviews is notional.

Figure 3-11 Uncoupled and Loosely Coupled Program Implementation Flow of Activities
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[ Maintain program office, management structure, and management processes; implement the Program Plan; perform planning and control functions ]

[ Support MD in maintaining requirements and constraints

[ Support MD and OIIR in developing and maintaining partnerships as required
| Support MD in selecting, approving, and terminating projects as required

| Support MD in updating PCA, when required

| Maintain requirements down to the project level

| Conduct program system engineering & integrate project technical activities as req’d | Perform system and sustaining engineering as required

[ Develop program-level technical documents as required Maintain program-level technical documents as required

Y
Integrate project elements, test program- Certify and maintain ops readiness; operate in accordance
level systems & perform V&V as required ) with procedures; sustain flight and supporting systems

[ Prepare for operations and develop/update program-level ops documents as required I Update program-level ops documents as required

Update technical control plans as required

Plan, prepare, and conduct technical reviews required for operations, e.g., CERRs

Update and maintain key ground rules and assumptions that drive program activities

— A A A A A

Update and maintain top technical, cost, schedule, and safety risk lists, risk mitigation plans, and resource requirements

Update and maintain program schedule

Update and maintain cost estimate

Implement procurement plans in accordance with Acquisition Strategy

[ Update Program Plan and required control plans as required

[ Oversee and integrate project activities as required

D U W S W—

Update program’s plans for Implementation as required I Update program’s plans for operations as required
Report plans, progress, and results at CMCs, life-cycle reviews, PMCs, KDPs, and other forums and mediums as required
[ Prepare for CDR ] [ Prepare for ORR ] [ Prepare for PIR and KDP IV ]
[ Prepare for SIR and KDP IV I Prepare for FRR and KDP III ] [ Prepare for DR/DRR and KDP n ]
C] Program management, planning, and control tasks C] Technical work the program is doing

C] Work for which Headquarters is responsible but the program helps accomplish (e.g., International partnerships are a Headquarters
responsibility, but the programs help develop and finalize those partnerships)

MD = Mission Directorate
OIIR = Office of International and Interagency Relations
Note: These are typical high-level activities that occur during this program phase. Placement of reviews is notional.

Figure 3-12 Tightly Coupled Program Implementation Flow of Activities
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[ Maintain program office, management structure, and management processes; implement the Program Plan; perform planning and control functions

Support MD in maintaining requirements and constraints

Support MD and OIIR in developing and maintaining partnerships as required

Support MD in selecting, approving, and terminating projects as required

Support MD in updating PCA, when required

Conduct program system engineering & integrate project technical activities as req’d Perform system and sustaining engineering as required
Develop program-level technical documents as required Maintain program-level technical documents as required
4 Y A’
. Start Integrate project elements, test program- Certify and maintain ops readiness; operate in accordance
Complete design _ s . - .
L | fabrication level systems, & perform V&V as req’d ) with procedures; sustain flight and supporting systems

Prepare for operations and develop/update program-level ops documents as required I Update program-level ops documents as required

Update technical control plans as required

Plan, prepare, and conduct technical reviews, e.g., SAR, TRRs, CERRs, etc.

Update and maintain key ground rules and assumptions that drive program activities; update staffing and infrastructure req’ts and plans as required

Update and maintain top technical, cost, schedule, and safety risk lists, risk mitigation plans, and resource requirements

Update and maintain program schedule

Update and maintain cost estimate

1 Update JCL if development costs exceed
the development ABC cost by 5% or more
\_ (LCC > 81B)

(" Develop Phase E cost estimate (*programs that plan \1 Update Phase E cost estimate (*)

continuing operations and production, including - ;
[ Develop cost estimates for planned major upgrades (*)

integration of capability upgrades, with an unspecified J
\_Phase E end point)

Implement procurement plans in accordance with Acquisition Strategy

Update Program Plan and required control plans as required

Oversee and integrate project activities as required

Update program’s plans for Implementation as required I Update program’s plans for operations as required
Report plans, progress, and results at CMCs, life-cycle reviews, PMCs, KDPs, and other forums and mediums as required
[ Prepare for CDR ] [ Prepare for ORR ] [ Prepare for PIR and KDP E-n ]
( Prepare for SIRand KDPD | Prepare for FRR and KDPE | [ Prepare for DR/DRR and KDP F
D Program management, planning, and control tasks D Technical work the program is doing

D Work for which Headquarters is responsible but the program helps accomplish (e.g., International partnerships are a Headquarters
responsibility, but the programs help develop and finalize those partnerships)

MD = Mission Directorate
OIIR = Office of International and Interagency Relations

Note: These are typical high-level activities that occur during this program phase. Placement of reviews is notional.

Figure 3-13 Single-Project Program Implementation Flow of Activities
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Once in Implementation, the program manager works with the program team, the
program’s constituent projects, and with the MDAA to execute the Program Plan. As the
program conducts its activities, it continues to support the MDAA in ensuring continuing
alignment of the program and projects with applicable Agency strategic goals, and Mission
Directorate requirements and constraints. When changes occur to the program
requirements or resource levels, the program manager works with the MDAA to update the
Program Commitment Agreement (PCA) and Program Plan, as appropriate.

All program teams also continue to support the MDAA and the Office of International and
Interagency Relations (OIIR) in obtaining updated interagency and international
agreements (including the planning and negotiation of updated agreements and
recommendations on joint participation in reviews, integration and test, and risk
management), as appropriate.

All programs continue management, planning, and control activities. They ensure
appropriate infrastructure and in coordination with the Centers engaged in the program,
ensure trained and/or certified staff that cut across multiple projects within the program
are available and ready when needed to support Implementation activities.

The program updates life-cycle cost or initial capability cost and schedule baselines, as
needed, for any changes in the program during Implementation. It documents the BoE for
the cost and schedule baselines, as needed. It reviews and approves annual project budget
submissions and prepares annual program budget submissions. Single-project programs
that plan continuing operations and production, including integration of capability
upgrades, with an unspecified Phase E end point develop the Phase E cost estimate for
continuing operations and production at ORR and KDP E for the 5 years after initial
capability. The Phase E cost estimate is subsequently updated and documented annually
for the next 5-year period. (See Section 5.5.4 for information on the Phase E cost estimate.)

The program confirms key ground rules and assumptions that drive development of the
program and projects. Once the program has defined the ground rules and assumptions, it
tracks them to determine if they are being realized (i.e., remain valid) or if they need to be
modified. The program continues to track, manage, and mitigate risks.

The program executes procurement activities in accordance with the Acquisition Strategy.
In doing so, it maintains programmatic oversight of industrial base and supply chain issues
that might pose a risk to the program or projects and provides timely notification of supply
chain disruptions to the MDAA. It establishes procedures to identify and manage industrial
base and supply chain risks, including all critical and single-source partners.

Single-project programs (and other programs at the discretion of the MDAA) with EVM
requirements update the PMB and conduct IBRs when there are major changes that
significantly impact the cost and schedule baseline, including the PMB, and conduct any
required IBRs for contracts requiring EVM. (Refer to NFS Subpart 1834.2, Earned Value
Management System.) These programs also report EVM metrics to the Mission Directorate

NASA Space Flight Program and Project Management Handbook 90



as defined in the Program Plan. Section 5.14 provides additional details on the PMB and
the IBR.

The program team conducts planning and program-level systems engineering and
integration, as appropriate, to support the MDAA when initiating the project selection
process, either through direct assignment or through a competitive process such as a
Request for Proposal (RFP) or an Announcement of Opportunity (AO). Once projects are
selected, the program and the MDAA approve the project FADs, project Formulation
Agreements, and Project Plans. The program maintains programmatic and technical
oversight of the projects and reports their status periodically. When required, the program
assists projects in the resolution of project issues. The program conducts program-level
completion activities for each project in accordance with the project life cycle for Phase F.
(See Sections 4.3.14 and 4.3.15.)

The program may continue to develop technologies that cut across multiple projects within
the program. These technologies are generally pursued to enable the program’s projects to
achieve increased results and performance, lower costs and development times, or
increased reliability.

3.4.1 Implementation Activities Unique to Tightly Coupled and Single-Project
Programs by Phase

Whereas programs only have two formal phases, Formulation and Implementation, the
project life cycle is also broken down into subphases. For single-project programs and
tightly coupled programs, the activities of the two formal program phases also break down
into roughly the equivalent of the project subphases. For uncoupled and loosely coupled
programs, these activities are carried out at the project level.

3411 Final Design and Fabrication

The purpose of this phase for tightly coupled and single-project programs is to complete
and document the final design that meets the detailed requirements and synchronize with
the program’s project(s) as the program team implements the program in accordance with
the Program Plan. During Final Design and Fabrication, the program, in conjunction with its
project(s):

e Ensures that the systems engineering activities are performed to determine if the
design is mature enough to proceed with full-scale implementation within the
constraints of the Management Agreement and the ABC.

e Performs qualification testing.

e Develops product specifications and begins fabrication of test and flight architecture
(e.g., flight article components, assemblies, subsystems, and associated software).

e Develops integration plans and procedures and ensures that all integration facilities
and personnel are ready and available.
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Final Design and Fabrication is a long phase, and these activities will overlap during the
phase.

For programs that develop or acquire multiple copies of a product or system(s), the
program ensures that the system developers include a production process for multiple
copies. When this occurs, the program holds a Production Readiness Review (PRR). The
objectives of the PRR are to evaluate the readiness of system developer(s) to produce the
required number of systems within defined program constraints for programs developing
multiple similar flight or ground support systems and to evaluate the degree to which the
production plans meet the system'’s operational support requirements. (See Table G-8 in
Appendix G of NPR 7123.1 for entrance and success criteria of the PRR.)

Final Design and Fabrication activities are focused toward the Critical Design Review (CDR)
and the System Integration Review (SIR), the life-cycle review preceding KDP 11/KDP D.

The objectives of the Critical Design Review (CDR) are to evaluate (1) the integrity of the
program integrated design, including its projects and supporting infrastructure; (2) the
program’s ability to meet mission requirements with appropriate margins and acceptable
risk within cost and schedule constraints; and (3) whether the integrated design is
appropriately mature to continue with the Final Design and Fabrication phase.

The objective of the System Integration Review (SIR) is to evaluate the readiness of the
program, including its projects and supporting infrastructure, to begin the system
Assembly, Integration, and Test (AI&T) part of Implementation with acceptable risk and
within cost and schedule constraints.

At KDP II (KDP D for single-project programs), the program demonstrates that it is still on
plan; the risk is commensurate with the projects’ payload classifications (or Mission
Directorate’s risk definition if not a payload in accordance with NPR 8705.4, Risk
Classification for NASA Payloads); and the program is ready for AI&T with acceptable risk
within its ABC (single-project programs) or within Agency cost and schedule baselines
(tightly coupled programs).

The program team continues to perform the technical activities required in NPR 7123.1 for
this phase. It completes the engineering design and development activities (e.g.,
qualification and life tests) and incorporates the results into the final design. It completes
and documents final flight and ground designs by CDR and updates them, as necessary, at
SIR. It begins to implement the defined validation and verification program on flight and/or
ground products. Single-project programs update the technology readiness assessments
by CDR if any technology development activities were performed after PDR. Finally, it
develops system integration plans and procedures.

The program documents and uses lessons learned in accordance with NPD 7120.4, NASA
Engineering and Program/Project Management Policy and NPD 7120.6, Knowledge Policy for
Programs and Projects and the program’s Knowledge Management Plan. (This plan is a best
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practice as opposed to a requirement. See Section 3.5.1 for additional information on
expectations associated with best practices.)

Tightly coupled and single-project programs develop a preliminary Mission Operations
Plan by SIR and baseline the plan by ORR and develop the Operations Handbook by SIR
and baseline the handbook by ORR. Uncoupled and loosely coupled programs do not have
these plans since they are only necessary for their projects. This plan is required at this
point in development to document the activities required to transition to operations and
operate the mission. It describes the activities required to perform the mission and how the
program will implement the associated facilities, hardware, software, and procedures
required to complete the mission. It describes mission operations plans, rules, and
constraints and describes the Mission Operations System (MOS) and Ground Data System
(GDS) in the following terms:

e MOS and GDS human resources and training requirements.

e Procedures to ensure that operations are conducted in a reliable, consistent, and
controlled manner using lessons learned during the program and from previous
programs.

e Facilities requirements (offices, conference rooms, operations areas, simulators, and
test beds).

e Hardware (ground-based communications and computing hardware and associated
documentation).

e Software (ground-based software and associated documentation).

Operations Handbook

The Operations Handbook provides information essential to the operation of the spacecraft. It generally
includes the following:

1. A description of the spacecraft and the operational support infrastructure;

2. Operational procedures, including step-by-step operational procedures for activation and
deactivation;

Malfunction detection procedures; and

4. Emergency procedures.

The handbook identifies the commands for the spacecraft, defines the functions of these commands, and
provides supplemental reference material for use by the operations personnel. The main emphasis is
placed on command types, command definitions, command sequences, and operational constraints.
Additional document sections may describe uploadable operating parameters, the telemetry stream data
contents (for both the science and the engineering data), the Mission Operations System displays, and
the spacecraft health monitors.

Single-project programs baseline Design Documentation at CDR and update Design
Documentation at SIR. They also develop the detailed design Orbital Debris Assessment
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Report (ODAR) by CDR in accordance with NPR 8715.6, NASA Procedural Requirements for
Limiting Orbital Debris and Evaluating the Meteoroid and Orbital Debris Environments using
the format and requirements contained in NASA-STD-8719.14, Process for Limiting Orbital
Debris. Tightly coupled programs and single-project programs baseline the Systems Safety
Analyses and update the Industrial Base and Supply Chain Risk Management (SCRM)
Strategy and Status by CDR. Single-project programs also update the Criticality
Identification Method for Hardware, and the Hardware Quality Data Management
Analytics in preparation for CDR. The Hardware Quality Data Management Analytics is also
updated in preparation for SIR, ORR, and MRR/FRR. (The Hardware Quality Data
Management Analytics is a best practice as opposed to a requirement. See Section 3.5.1 for
additional information on expectations associated with best practices.)

Tightly coupled programs and single-project programs update the following control plans
at CDR: Safety and Mission Assurance (SMA) Plan, Verification and Validation Plan,
NEPA Compliance Documentation, Integrated Logistics Support (ILS) Plan,
Technology Transfer Control Plan, Orbital Collision Avoidance Plan (OCAP), Quality
Assurance Surveillance Plan, and Communications Plan. Programs also update the
Human-Rating Certification Package and the Human Systems Integration (HSI) Plan, if
applicable. It is expected that these plans will be updated at this point, but other plans need
to be updated as necessary. Single-project programs also update the Integration Plan,
Knowledge Management Plan, and the preliminary Range Safety Risk Management
Process Documentation. (The Communications Plan and Knowledge Management Plan
are best practices as opposed to requirements. See Section 3.5.1 for additional information
on expectations associated with best practices.)

The program updates the following control plans at SIR: Verification and Validation Plan,
Quality Assurance Surveillance Plan, and System Security Plan. Single-project
programs update the Mishap Preparedness and Contingency Plan and baseline the
Range Safety Risk Management Process Documentation at SIR.

Tightly coupled and single-project programs update the Systems Safety Analyses by SIR.
3.41.2 System Assembly, Integration and Test, Launch and Checkout

Program Implementation continues with System Assembly, Integration and Test, Launch
and Checkout as the program team implements the program in accordance with the
Program Plan. During this part of Implementation, the program with its constituent
projects(s):

e Performs system AI&T.

e Completes validation testing, finalizes operations preparations, and completes
operational training.

e Resolves failures, anomalies, and issues.
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e Conducts various internal reviews such as Test Readiness Reviews (TRRs), the System
Acceptance Review (SAR), and pre-ship reviews.

e Certifies the system for launch.
e Launches the system.

e Completes on-orbit system checkout (robotic space flight programs) or initial
operations (human space flight programs).

The transition from this subphase to the next, Operations and Sustainment, differs from
other transitions in that the transition does not occur immediately after the KDP. KDP III
(KDP E for single-project programs) marks the decision to launch and conduct early
operations. However, the transition to operations occurs after on-orbit checkout (robotic
space flight programs) or initial operations (human space flight programs) at the
conclusion of the Post-Launch Assessment Review (PLAR) or, for certain human space
flight programs, the Post-Flight Assessment Review (PFAR).

The decision to launch and conduct early operations is a critical decision for the Agency. The
KDP Il (KDP E for projects and single-project programs) decision occurs before launch to
provide Decision Authority approval for this decision. The KDP 111/KDP E decision includes
approval for the transition to the operations phase of the life cycle; however, unlike other
life-cycle phase transitions, the transition to operations does not occur immediately after the
KDP 111/KDP E. This transition occurs after launch and checkout. The timing for this
transition stems from the historical practice of funding missions through on-orbit checkout,
transitioning from the development team to the operations team following on-orbit checkout,
and funding mission operations separately.

The flow of activities in preparation for launch is very formal and involves important
reviews by the Agency’s stakeholders. Section 4.3.11 provides a detailed description of the
flow of the review process in preparation for launch for human and robotic space flight
programs and projects. This process is the same for both single-project programs and
tightly coupled programs.

The phase activities focus on preparing for the Operational Readiness Review (ORR), Flight
Readiness Review (FRR) (for human space flight programs) or the Mission Readiness
Review (MRR) (for robotic space flight programs), KDP III (KDP E for single-project
programs), launch, the Post-Launch Assessment Review (PLAR), and for certain human
space flight programs the Post-Flight Assessment Review (PFAR).

e The objectives of the Operational Readiness Review (ORR) are to evaluate the
readiness of the program (including its projects, ground systems, personnel, procedures,
and user documentation) to operate the flight system and associated ground systems in
compliance with program requirements and constraints during the operations phase.
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e The objectives of the Flight Readiness Review (FRR)/Mission Readiness Review (MRR)
are to evaluate the readiness of the program and its projects, ground systems,
personnel, and procedures for a safe and successful launch and flight/mission.

e At KDP III (KDP E for single-project programs), the program is expected to demonstrate
that it is ready for launch and early operations with acceptable risk within its ABC
(single-project programs) or within Agency cost and schedule baselines (tightly coupled
programs).

e The Post-Launch Assessment Review (PLAR) is a not affiliated with a KDP. It is
conducted after the mission has launched and on-orbit checkout has been completed.
The objectives of the PLAR are to evaluate the in-flight performance of the program
and its projects and to determine the program’s readiness to begin the operations
phase of the life cycle and transfer responsibility to the operations organization. At the
PLAR, the program is expected to demonstrate that it is ready to conduct mission
operations with acceptable risk within its ABC (single-project programs) or within
Agency cost and schedule baselines (tightly coupled programs).

e For human space flight programs that develop flight systems that return to Earth, the
PLAR may be combined with the Post-Flight Assessment Review (PFAR), which is
conducted after landing and recovery. See Section 4.3.10 for a detailed discussion of this
topic.

Single-project programs that plan continuing operations and production, including
integration of capability upgrades, with an unspecified Phase E end point develop the
Phase E cost estimate for continuing operations and production at ORR and KDP E for the
5 years after initial capability. The Phase E cost estimate is subsequently updated and
documented annually for the next 5-year period. (See Section 5.5.4 for information on the
Phase E cost estimate.)

The program continues to perform the technical activities required in NPR 7123.1. As the
various project assemblies arrive at the integration facility, the program team begins to
assemble, integrate, and test the various system pieces and complete verification and
validation on the products as they are integrated. Single-project programs update the
Design Documentation by FRR/MRR. Tightly coupled and single-project programs
prepare the preliminary Verification and Validation Report before the ORR and then
baseline the report by FRR/MRR. Once the hardware is shipped to the launch site, the
program with its constituent projects and with launch site support begins the process of
receiving and inspecting the hardware, reassembling the spacecraft as required, integrating
spacecraft and vehicles produced by constituent projects (tightly coupled programs),
completing final spacecraft testing, completing integrated spacecraft/vehicle testing
(tightly coupled programs), and resolving any open issues that remain. The program
transitions or delivers the final products and baselines the as-built hardware and software
documentation. It supports launch rehearsals, participates in press conferences, and
supports the launch approval process. Tightly coupled and single-project programs
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prepare for operations and update the Operations Concept Documentation and the
Mission Operations Plan.

The Operations Concept Documentation is a description of how the flight system and the
ground system are used together to ensure that the mission operations can be accomplished
reasonably. This might include how mission data of interest, such as engineering or scientific
data, are captured, returned to Earth, processed, made available to users, and archived for
future reference. The Operations Concept Documentation typically describes how the flight
system and ground system work together across mission phases for launch, cruise, critical
activities, science observations, and the end of the mission to achieve the mission. The
Operations Concept Documentation is baselined at PDR with the initial preliminary
Operations Concept Documentation required at MCR.

The program team baselines the Mission Operations Plan and Science Data Management
Plan at ORR and updates the following control plans at ORR if necessary: System Security
Plan, Human-Rating Certification Package, if applicable, and Communications Plan. (The
Science Data Management Plan and the Communications Plan are best practices as opposed
to requirements. See Section 3.5.1 for additional information on expectations associated
with best practices.) Programs also update the Systems Safety Analyses.

Single-project programs develop the final Orbital Debris Assessment Report (ODAR) in
accordance with NPR 8715.6, NASA Procedural Requirements for Limiting Orbital Debris and
Evaluating the Meteoroid and Orbital Debris Environments using the format and
requirements contained in NASA-STD-8719.14, Process for Limiting Orbital Debris prior to
the Safety and Mission Success Review (SMSR).

Single-project programs support the Mission Directorate in baselining the Mishap
Preparedness and Contingency Plan and delivering the document to OSMA 30 days prior
to the SMSR per NPR 8621.1, NASA Procedural Requirements for Mishap and Close Call
Reporting, Investigating, and Recordkeeping.

Tightly coupled and single-project programs baseline the End of Mission Plans (EOMPs)
by the SMSR in accordance with NPR 8715.6. (See NASA-STD-8719.14, Appendix B for
additional information on these plans.) These programs also update the Systems Safety
Analyses and Operations Handbook at FRR/MRR, obtain certification of the Human-
Rating Certification Package at FRR/MRR if applicable, and update the following control
plans at FRR/MRR if necessary: Safety and Mission Assurance (SMA) Plan (by the SMSR)
and Science Data Management Plan. (See Section 4.3.11 for a detailed description of the
review process in preparation for launch.)
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The Safety and Mission Success Review (SMSR) is held to prepare Agency safety, engineering,
and health and medical management to participate in program final readiness reviews
preceding flights or launches, including experimental and test launch vehicles or other
reviews as determined by the Chief, Safety and Mission Assurance. The SMSR provides the
knowledge, visibility, and understanding necessary for senior safety, engineering, and health
and medical management to either concur or nonconcur in program decisions to proceed
with a launch or significant flight activity.

3.41.3 Operations and Sustainment

During Operations and Sustainment, the program implements the Missions Operations Plan.
For human space flight programs, this phase begins after initial operations have been
successfully completed and all flight test objectives have been met. For robotic space flight
programs, the phase begins following a successful launch and on-orbit checkout. (See
Section 4.3.11 for robotic and human space flight programs.)

Mission operations may be periodically punctuated with Critical Event Readiness Reviews
(CERRs). Human space flight missions may conduct Post-Flight Assessment Reviews
(PFARSs) specific to their needs. These reviews are not affiliated with a KDP.

e The objective of the Critical Event Readiness Review (CERR) is to evaluate the
readiness of the program and its projects to execute a critical event during the flight
operations phase of the life cycle. CERRs are established at the discretion of the
program office.

e The objectives of the Post-Flight Assessment Review (PFAR) are to evaluate how well
mission objectives were met during a human space flight mission and what the status of
the flight and ground systems are, including the identification of any anomalies and
their resolution.

The program periodically has Program Implementation Reviews (PIRs) followed by a

KDP as determined by the NASA AA or MDAA. The objectives of the PIR are to evaluate the
program’s continuing relevance to the Agency’s Strategic Plan, assess performance with
respect to expectations, and determine the program’s ability to execute its Program Plan
with acceptable risk within cost and schedule constraints. The program is expected to
demonstrate that it still meets Agency needs and is continuing to meet Agency
commitments as planned. (See Sections 3.1.1 and 5.11.3 in this handbook for guidance on
PIRs.)

Single-project programs that plan continuing operations and production, including
integration of capability upgrades, with an unspecified Phase E end point, update and
document the Phase E cost estimate annually for the next 5-year period. Upgrades during
Phase E that meet the Agency criteria for a major project for external reporting (i.e., cost
estimate of $250M or more) are treated as projects for the purposes of establishing their
own development ABC outside the Phase E cost estimate. The program Phase E cost
estimate is updated to include the production and operations costs associated with these
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upgrades. Development, production, and operations costs of other (i.e., non-major)
upgrades are included in the program Phase E cost estimate. (See Section 5.5.4 for
information on the Phase E cost estimate.)

The Operations and Sustainment subphase ends with the Decommissioning Review (DR)
and KDP n (tightly coupled programs) or KDP F (single-project programs), at which time
the end of the program is approved. After KDP F, single-project programs are also required
to conduct the project-level Disposal Readiness Review (DRR). (See Section 3.4.1.4.) The
DR and DRR may be combined if the disposal of the spacecraft will be done immediately
after the DR.

e The objective of the Decommissioning Review (DR) is to evaluate the readiness of the
program and its projects to conduct closeout activities, including final delivery of all
remaining program or project deliverables and safe decommissioning and/or disposal
of space flight systems and other program or project assets.

e The objective of the Disposal Readiness Review (DRR) is to evaluate the readiness of
the project and the flight system for execution of the spacecraft disposal event.

Sustainment and Sustaining Engineering

Sustainment generally refers to supply, maintenance, transportation, sustaining engineering, data
management, configuration management, manpower, personnel, training, habitability, survivability,
environment, safety, supportability, and interoperability functions.

The term “sustaining engineering” refers to technical activities that can include, for example, updating
designs (e.g., geometric configuration), introducing new materials, and revising product, process, and test
specifications. These activities typically involve first reengineering items to solve known problems and
then qualifying the items and sources of supply. The problems that most often require sustaining
engineering are lack of a source (e.g., vendor going out of business), component that keeps failing at a
high rate, and long production lead time for replacing items.

As parts age, the need and opportunity for sustaining engineering increase. The practice of sustaining
engineering includes not only the technical activity of updating designs but also the business judgment of
determining how often and on what basis the designs need to be reviewed.

Tightly coupled and single-project programs and their projects eventually cease as a
natural evolution of completing their mission objectives. When this occurs, the Mission
Directorate, program, and project(s) need to be sure that all the products or systems
produced by the program (e.g., spacecraft, ground systems, test beds, spares, science data,
operational data, returned samples) are properly dispositioned and that all program and
project activities (e.g., contracts, financial obligations) are properly closed out.

Tightly coupled and single-project programs update the Operations Handbook and End
of Mission Plans (EOMPs).
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Single-project programs develop and baseline a Decommissioning/Disposal Plan (which
includes the project Decommissioning/Disposal Plans) in preparation for the
Decommissioning Review to cover all activities necessary to close out the program and its
projects. Single-project programs also work with the Mission Directorate to update the
Mishap Preparedness and Contingency Plan if necessary. The
Decommissioning/Disposal Plan includes the updated Mishap Preparedness and
Contingency Plan and predefined contingency and/or mishap scenarios. The single-project
program conducts a Decommissioning Review in preparation for final approval to
decommission by the Decision Authority at the final program KDP. (This process is the
same for both programs and projects and is described in Section 4.3.14, which provides an
overview of the disposal of a spacecraft, the various documents that are produced as part of
this, and the order and timing of major activities and document deliveries.)

At KDP n/KDP F following the Decommissioning Review, the program is expected to
demonstrate that decommissioning is consistent with program objectives and that the
program is ready for final analysis and archival of mission and science data and safe
disposal of its assets.

3414 Closeout

During Closeout, the program and its projects perform the technical activities required in
NPR 7123.1. They perform spacecraft and other in-space asset disposal and closeout and
disposition of ground systems, test beds, and spares. They monitor decommissioning and
disposal risks, actively assess open risks, and develop and implement mitigation plans.

They complete archiving of mission/operational and science data and document the results
of all activities. They complete storage and cataloging of returned samples and archive
project engineering and technical management data. They close out contracts, as
appropriate. They develop mission reports and document lessons learned in accordance
with NPD 7120.4, NASA Engineering and Program/Project Management Policy and NPD
7120.6, Knowledge Policy for Programs and Projects and the program’s Knowledge
Management Plan. (This plan is a best practice as opposed to a requirement. See Section
3.5.1 for additional information on expectations associated with best practices.)

Tightly coupled and single-project programs update their End of Mission Plans (EOMPs).
After KDP F, single-project programs are also required to conduct the project-level Disposal
Readiness Reviews (DRRs) and update the disposal portions of the Decommissioning/
Disposal Plan in preparation for the DRR. If the program’s DRR was not performed as part
of the Decommissioning Review (DR), the program updates its Mishap Preparedness and
Contingency Plan. The objective of the Disposal Readiness Review (DRR) is to evaluate
the readiness of the project and the flight system for execution of the spacecraft disposal
event. Tightly coupled and single-project programs prepare a Final Mission Report. This
report is described in the appropriate paragraph in Chapter 4. (The Final Mission Report is
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a best practice as opposed to a requirement. See Section 4.5.1 for additional information on
expectations associated with best practices.)

3.4.2 Preparing for Program Decommissioning and Closing Out

Program teams plan, prepare for, and support the governing PMC review prior to the
Decommissioning KDP n/KDP F and provide or obtain the KDP readiness products listed in
Section 3.2.3. Once the Implementation KDPs have been completed and the Decision
Memoranda signed, the program updates its documents and plans as needed to reflect the
decisions made and actions assigned.

3.5 Program Products by Phase
3.5.1 Product Owner and Requirement or Best Practice
e The Product Owner for each product is indicated in Tables 3-2, 3-3, 3-4, 3-5, and 3-6 in

the column titled “Product Owner/Requirement or Best Practice.”

e Products listed in Tables 3-2, 3-3, 3-4, 3-5, and 3-6 are either requirements or best
practices.

e “R”in the Product Owner/Requirement or Best Practice column indicates that a
product is a requirement. Products that are requirements are included in the
Compliance Matrix in Appendix C of NPR 7120.5.

e “BP” in the Product Owner/Requirement or Best Practice column indicates that the
product is considered a best practice. The expectation is that the product will be
developed in accordance with the table as part of normal project management activities.

3.5.2 Non-Configuration-Controlled Documents

For non-configuration-controlled documents, the following terms and definitions are used
in Tables 3-2 through 3-6:

e “Initial” is applied to products that are continuously developed and updated as the
program or project matures.

e “Final” is applied to products that are expected to exist in this final form, e.g., minutes
and final reports.

e “Summary” is applied to products that synthesize the results of work accomplished.
e “Plan” is applied to products that capture work to be performed in the following phases.

e “Update” is applied to products that are expected to evolve as the formulation and
implementation processes evolve. Only expected updates are indicated. However, any
document may be updated as needed.
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3.5.3 Configuration-Controlled Documents

For configuration-controlled documents, the following terms and definitions are used in
Tables 3-2 through 3-6:

e “Preliminary” is the documentation of information as it stabilizes but before it goes
under configuration control. It is the initial development leading to a baseline. Some
products will remain in a preliminary state for multiple life-cycle reviews. The initial
preliminary version is likely to be updated at subsequent life-cycle reviews but remains
preliminary until baselined.

e “Baseline” indicates putting the product under configuration control so that changes
can be tracked, approved, and communicated to the team and any relevant stakeholders.
The expectation on products labeled “baseline” is that they will be at least final drafts
going into the designated life-cycle review and baselined coming out of the life-cycle
review. Baselining of products that will eventually become part of the Program or
Project Plan indicates that the product has the concurrence of stakeholders and is
under configuration control. Updates to baselined documents require the same formal
approval process as the original baseline.

e “Approve” is used for a product, such as Concept Documentation, that is not expected to
be put under classic configuration control but still requires that changes from the
“Approved” version are documented at each subsequent “Update.”

e “Update” is applied to products that are expected to evolve as the formulation and
implementation processes evolve. Only expected updates are indicated. However, any
document may be updated as needed. Updates to baselined documents require the
same formal approval process as the original baseline.

3.54 Control Plans

e Control plans in Table 4-7 can either be part of the Project Plan or separate stand-alone
documents referenced in the appropriate part of the Project Plan.

e Considerations for determining if a control plan should be a stand-alone document
include a requirement that the control plan be stand-alone in the NPR that requires the
control plan; differences between when the control plan is baselined and when the
Project Plan is baselined; how frequently the control plan will be updated since updates
to the Project Plan require signatures; and how long the control plan is.

e When the control plan is a stand-alone document, the Project Plan contains a reference
to the stand-alone document.

3.5.5 Formats for Non-Control Plan Products

e Unless a specific form, format, document, or document template is identified by the NPR
that requires a production Table 4-6, the documentation format is flexible, e.g., LCR or
KDP presentation charts or as part of a document such as the Project Plan.
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Table 3-2 Uncoupled and Loosely Coupled Program Milestone
Products and Control Plans Maturity Matrix

Formulation

Implementation

Produ.ct Owner/ KDP I' KDP Il - n
Requirement or
Products Best Practice SRR SDR PIR
1. FAD [Required per NPR 7120.5] OCE/R Baseline
2. PCA [Required per NPR 7120.5] OCE/R Preliminary Baseline
3. Program Plan [Required per NPR 7120.5] OCE/R Preliminary Baseline Update
3.a. Mission Directorate requirements and constraints [Required OCE/R Baseline Update
per NPR 7123.1] P
3.b. Traceability of program-level requirements on projects to the OCE/R
Agency strategic goals and Mission Directorate requirements Preliminary Baseline
and constraints [Required per NPR 7123.1]
3.c. Documentation of driving ground rules and assumptions on OCE/R Prelimina Baseline
the program [Required per NPR 7120.5} ry
4. Interagency and international agreements OCE/R Preliminary Baseline
5. ASM Decision Memorandum or ASM meeting summary OCE/R Final
[additional information in NPD 1000.5]
6. Risk mitigation plans and resources for significant risks OCE/R .
[Required by NPR 7120.5] Initial Update Update
7. Documented Cost and Schedule Baselines [Required per NPR OCFO-SID/R Prelimi Baseli Undat
7120.5] reliminary aseline pdate
8. Documentation of Basis of Estimate (cost and schedule) OCFO-SID/R Prelimina Baseline Update
[Required per NPR 7120.5] ry P
9. Documentation of performance against plan/baseline, including OCE/R
status/closure of formal actions from previous KDP [Required Summary Summary Summary
by NPR 7120.5]
10. Industrial Base and Supply Chain Risk Management (SCRM) OSMA/R Prelimina Baseline Uodate
Strategy and Status [Required per NPR 8735.2] ry P
Program Plan Control Plans
1. Technical, Schedule, and Cost Control Plan [Required per NPR OCE/R - )
Preliminary Baseline
7120.5]
2. Safety and Mission Assurance Plan [Required per NPRs OSMA/R Prelimina Baseline
8705.2 and 8705.4] ry
3. Risk Management Plan [Required per NPR 8000.4] OSMA/R Preliminary Baseline
4. Acquisition Strategy [Required per NPD 1000.5] OCE/R Preliminary Baseline
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Product Owner/

Formulation

Implementation

! KDP I' KDP Il -n
Requirement or
Products Best Practice SRR SDR PIR

5. Technology Development Plan [additional information in NPR OCE/BP Prelimina Baseline

7500.2, NPR 7123.1, and NPR 7120.5] Y
6. Systems Engineering Management Plan [Required per NPR OCE/R Preliminary Baseline

7123.1]
7. System Security Plan [Required per NPR 2810.1] OCIO/R Preliminary Baseline Update
8. Review Plan [Required per NPR 7120.5] OCE/R Baseline Update
9. NEPA Compliance Documentation [Required per NPR 8580.1] OSI-EMD/ Baseline

i
R

10. Configuration Management Plan [Required per NPR 7120.5; OCE/R Baseline

additional information in NPR 7123.1 and SAE/EIA 649]
11. Security Plan [Required per NPR 1040.1 and NPR 1600.1] OPS/R Baseline
12. Technology Transfer (formerly Export) Control Plan [Required OlIR/R Baseline

per NPR 2190.1]
13. Communications Plan [additional information in NPR 7120.5] OComm/BP Preliminary Baseline
14. Knowledge Management Plan [additional information in NPD OCE/BP Prelimina Baseline

7120.4 and NPD 7120.6] Y
15. Quality Assurance Surveillance Plan [Required per NPR OSMA/R Preliminary Baseline Update

8735.2 and NASA FAR Supplement Part 1837.604]

' If desired, the Decision Authority may request a KDP 0 be performed generally following SRR.

2 Review Plan should be baselined before the first review.
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Table 3-3 Tightly Coupled Program Milestone Products Maturity Matrix

Product Formulation Implementation
Owner/
Requirement KDP 0 KDP | KDP Il KDP Il KDP n
or Best
Products Practice SRR SDR PDR CDR SIR ORR MRR/FRR DR
1. FAD [Required per NPR OCE/R Baseline
7120.5]
2. PCA [Required per NPR OCE/R - .
7120.5] Preliminary Baseline
3. Program Plan [Required per OCER Preliminary Baseline Update Update Update Update Update Update
NPR 7120.5]
3.a. Mission Directorate OCE/R
requirements and constraints Baseline Update Update
[Required per NPR 7123.1]
3.b. Traceability of program-level OCE/R
requirements on projects to the
Agency strategic goals and . .
Mission Directorate Preliminary Baseline Update
requirements and constraints
[Required per NPR 7123.1]
3.c. Documentation of driving OCE/R
ground rules and assumptions - .
on the program [Required per Preliminary Baseline Update Update Update
NPR 7120.5]
4. Interagency and international OCE/R Preliminary Baseline Update
agreements
5. ASM Decision Memorandum or OCE/R
ASM meeting summary Final
[additional information in NPD
1000.5]
6. Risk mitigation plans and OCE/R
resources for significant risks Initial Update Update Update Update Update Update Update
[Required by NPR 7120.5]
7. Documented Cost and OCFO-SID/R
Schedule Baselines [Required Preliminary Preliminary Baseline Update Update Update Update Update
per NPR 7120.5]
8. Documentation of Basis of OCFO-SID/R
Estimate (cost and schedule) Preliminary Preliminary Baseline Update Update Update Update Update
[Required per NPR 7120.5]
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Product

Formulation

Implementation

Owner/
Requirement KDP 0 KDP | KDP Il KDP llI KDP n
or Best
Products Practice SRR SDR PDR CDR SIR ORR MRR/FRR DR
o. ?f‘ZDOR;] [Required by NPR OCFO-SIDR Baseline Update Update Update Update Update' Update
10. Shared Infrastructure ?, OCE/R
Staffing, and Scarce Material Initial Update Update Update
Requirements and Plans
11. Documentation of OCE/R
performance against
plan/baseline, including
status/closure of formal actions Summary Summary Summary | Summary | Summary Summary Summary
from previous KDP [Required
by NPR 7120.5]
12. Industrial Base and Supply OSMA/R
Chain Risk Management - .
(SCRM) Strategy and Status Preliminary Baseline Update Update
[Required per NPR 8735.2]

"The CADRe for MRR/FRR is considered the “Launch CADRe” to be completed after the launch.

2 Shared infrastructure includes facilities that are required by more than one of the program’s projects.
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Table 3-4 Tightly Coupled Program Plan Control Plans Maturity Matrix

Product i i
(See NPR 7120.5F i Formulation Implementation
Appendix G Requirement KDP 0 KDP | KDP II KDP Il | KDP n
Template for Control or Best
Plan Details.) Practice SRR SDR PDR CDR SIR ORR MRR/FRR DR
1. Technical, Schedule, and OCE/R Preliminary Baseline Update
Cost Control Plan [Required
per NPR 7120.5]
2. Safety and Mission OSMA/R Preliminary Baseline Update Update Update (SMSR)
Assurance Plan [Required
per NPRs 8705.2 and 8705.4]
3. Risk Management Plan OSMA/R Preliminary Baseline Update
[Required per NPR 8000.4]
4. Acquisition Strategy OCE/R Preliminary Strategy Baseline Update
[Required per NPD 1000.5]
5. Technology Development OCE/BP Preliminary Baseline Update
Plan [additional information in
NPR 7500.2, NPR 7123.1,
and NPR 7120.5]
6. Systems Engineering OCE/R Preliminary Baseline
Management Plan [Required
per NPR 7123.1]
7. Verification and Validation OCE/R Preliminary Baseline Update Update
Plan [Required per NPR
7120.5, additional information
in NPR 7123.1]
8. System Security Plan OCIO/R Preliminary Update Baseline Update Update
[Required per NPR 2810.1]
9. Review Plan [Required per OCE/R Baseline Update Update
NPR 7120.5]'
10. Mission Operations Plan OCE/R Preliminary | Baseline Update
[Required per NPR 7120.5]
11. NEPA Compliance OSI-EMD/ Preliminary Baseline Update
Documentation [Required per R
NPR 8580.1]
12. Integrated Logistics OSI-LMD/R Preliminary Baseline Update
Support Plan [Required per
NPD 7500.1]
NASA Space Flight Program and Project Management Handbook 107




(See NPR 7120.5F
Appendix G

Template for Control
Plan Details.)

Product
Owner/
Requirement
or Best
Practice

Formulation

Implementation

KDP 0

KDP |

KDP II

KDP Il

KDP n

SRR SDR

PDR

CDR

SIR ORR

MRR/FRR

DR

13. Science Data
Management Plan [additional
information in NPD 2200.1
and NPRs 2200.2, 1441.1,
and 8715.24]

SMD/BP

Preliminary

Baseline

Update

14. Configuration
Management Plan [Required
per NPR 7120.5; additional
information in NPR 7123.1
and SAE/EIA 649]

OCE/R

Preliminary Baseline

Update

15. Security Plan [Required
per NPR 1040.1 and NPR
1600.1]

OPS/R

Preliminary

Baseline

16. Technology Transfer
(formerly Export) Control Plan
[Required per NPR 2190.1]

OIlIR/R

Preliminary

Baseline

Update

17. Communications Plan
[additional information in NPR
7120.5]

OComm/BP

Preliminary

Baseline

Update

Update

18. Knowledge Management
Plan [additional information in
NPD 7120.4 and NPD
7120.6]

OCE/BP

Preliminary Baseline

Update

Update

19. Human-Rating
Certification Package
[Required per NPR 8705.2]

OSMA/R

Initial Update

Update

Update

Update

Approve
Certification

20. Quality Assurance
Surveillance Plan [Required
per NPR 8735.2 and NASA
FAR Supplement Part
1837.604]

OSMA/R

Preliminary Baseline

Update

Update

Update

21. Orbital Collision
Avoidance Plan [Required
per NID 7120.132]

OCE/R

Baseline

Update

22. Human Systems
Integration Plan [additional
information in NASA/SP-
20210010952 NASA HSI
Handbook and NPR 7123.1]

OCE-OSMA-
OCHMO/R

Baseline Update

Update

Update
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' Review Plan should be baselined before the first review.
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Table 3-5 Single-Project Program Milestone Products Maturity Matrix

Products Product Pre-Phase Phase A Phase B Phase C Phase D Phase | Phase
Owner/ A KDP B KDP C KDP D KDP E E F
Require- KDP A KDP F
ment or Best |ycp SRR SDR/MDR |PDR CDR |SIR ORR |MRR/FRR |DR DRR
Practice
Headquarters Products’
1. FAD [Required per NPR 7120.5] OCE/R Baseline
2. PCA [Required per NPR 7120.5] OCE/R Preliminary Baseline
3. Traceability of Agency strategic OCE/R Preliminary Baseline Update Update
goals and Mission Directorate
requirements and constraints to
program/project-level
requirements and constraints.
[Required per NPR 7123.1]
4. Documentation of driving OCE/R Preliminary Preliminary Baseline Update Update Update
mission, technical, and
programmatic ground rules and
assumptions [Required per NPR
7120.5]
5. Partnerships and inter-agency OCE/R Preliminary Update Baseline U.S. Baseline
and international agreements partnerships | international
and agreements
agreements
6. ASM Decision Memorandum or OCE/R Final
ASM meeting summary
[additional information in NPD
1000.5]
7. Mishap Preparedness and OSMA/R Preliminary Update Baseline Update Update
Contingency Plan [Required per (SMSR)
NPR 8621.1]
Single-Project Program Technical Products®
1. Concept Documentation OCE/R Approve Update Update Update
[Required per NPR 7123.1]
2. Mission, Spacecraft, Ground, and OCE/R Preliminary Baseline Update Update
Payload Architectures [Required mission and | mission and | mission and mission,
per NPR 7123.1] spacecraft spacecraft spacecraft spacecraft,
architecture(s) | architecture, | architecture, | ground, and
with key preliminary baseline payload
drivers ground and | ground and | architectures
payload payload
architectures. | architectures
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Products Product Pre-Phase Phase A Phase B Phase C Phase D Phase | Phase
Owner/ A KDP B KDP C KDP D KDP E E F
Require- KDP A KDP F
mep"rtag:if:“ MCR SRR SDR/MDR |PDR CDR SIR ORR |MRR/FRR |DR DRR
Classify
payload(s) by
risk per
NPR 8705.4.
3. Project-Level, System, and OCE/R Preliminary Baseline Update Update
Subsystem Requirements project-level | project-level | Project-level | project-level
[Required per NPR 7123.1] requirements | and system- | and system- | and system-
level level level
requirements | requirements, | requirements.
Preliminary Baseline
subsystem subsystem
requirements | requirements
. Design Documentation [Required OCE/R Preliminary Baseline Update Update
per NPR 7123.1]
. Operations Concept OCE/R Preliminary Preliminary | Preliminary Baseline
Documentation [Required per
NPR 7120.5]
. Technology Readiness OCE/R Initial Update Update Update Update
Assessment Documentation
[Required per NPR 7120.5
Appendix F FA Template]
. Engineering Development OCE/R Initial Update Update Update
Assessment Documentation
[Required per NPR 7120.5
Appendix F FA Template]
. Heritage Assessment OCE/R Initial Update Update Update
Documentation [Required per
NPR 7120.5 Appendix F FA
Template]
. Systems Safety Analyses (e.g., OSMA/R Preliminary Baseline Update Up- Update
safety data packages) [Baseline date
at CDR] [Required per NPR
8715.3]
10. Payload Safety Process OSMA/R Preliminary |Preliminary| Baseline
Deliverables [Required per NPR
8715.7]
11. Verification and Validation OCE/R Prelim- | Baseline
Report [Required per NPR inary
7123.1]
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Products Product Pre-Phase Phase A Phase B Phase C Phase D Phase | Phase
Owner/ A KDP B KDP C KDP D KDP E E F
Require- KDP A KDP F
mep"rtag:if:St MCR SRR SDR/MDR |PDR CDR SIR ORR |MRR/FRR |DR DRR
12. Operations Handbook OCE/R Preliminary| Base- Update Update
[additional information in NPR line
7120.5 Appendix A]
13. Orbital Debris Assessment OSMA/R Preliminary Preliminary Detailed Final ODAR
[Required per NPR 8715.6] Assessment design ODAR design (SMSR)
ODAR
14. End of Mission Plans [Required OSMA/R Baseline Update Update
per NPR 8715.6; additional (SMSR) per
information in NASA-STD- 8715.6
8719.14, App B]
15. Final Mission Report [additional OCE/BP Final
information in NPR 7120.5
Appendix A]
16. Decommissioning/Disposal Plan OCE/R Baseline | Update
[Required per NPR 7123.1] disposal
portions
17. Industrial Base and Supply OSMA/R Preliminary Update Update Baseline Update
Chain Risk Management (SCRM)
Strategy and Status [Required
per NPR 8735.2]
18. Criticality Identification Method OSMA/R Preliminary Update Update Baseline Update
for Hardware [Required per NPR
8735.2]
19. Hardware Quality Data OSMA/BP Preliminary Update Update Baseline Update Update | Update Update
Management Analytics
[additional information in NPR
8735.2]
Single-Project Program Management, Planning, and Control Products
1. Formulation Agreement OCE/R Baseline for Baseline for
[Required per NPR 7120.5] Phase A; Phase B
Preliminary for
Phase B
2. Program Plan [Required per NPR OCE/R Preliminary Baseline
7120.5)°
3. Project Plan [Required per NPR OCE/R Preliminary Baseline
7120.5°
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Products Product Pre-Phase Phase A Phase B Phase C Phase D Phase | Phase
Owner/ A KDP B KDP C KDP D KDP E E F
Require- KDP A KDP F
mep"rtag:if:“ MCR SRR SDR/MDR |PDR CDR SIR ORR |MRR/FRR |DR DRR
4. Documentation of performance OCE/R Summary Summary Summary Summary | Summary | Sum- Summary Sum-
against Formulation Agreement mary mary
(see #1 above) or against plans
for work to be accomplished
during Implementation life-cycle
phase, including performance
against baselines and
status/closure of formal actions
from previous KDP [Required per
NPR 7120.5]
5.Project Baselines
5.a. Top technical, cost, schedule OCE/R Initial Update Update Update Update Update | Update Update Update Update
and safety risks, risk mitigation
plans, and associated resources
[Required per NPR 7120.5]
5.b. Staffing requirements and OCE/R Initial Update Update Update Update Update
plans [Required by NPR 7120.5]
5.c.i. Infrastructure requirements OSI-FRED/R Initial Update Update Update Update
and plans [Required per NPR
9250.1, NPD 8800.14, and NPR
8820.2]
Business case analysis for
infrastructure [Required per NPR
8800.15.]
5.c.ii Capitalization Determination OCFO/R Initial Update Update Update Update
Form (CDF) (NASA Form 1739)
[Required per NPR 9250.1]
5.d. Schedule [Required per NPR OCFO-SID/R | Risk informed Risk Risk informed | Risk informed Update Update | Update | Update IMS | Update Update
7120.5] at project level | informed at | at subsystem and cost- IMS IMS IMS IMS IMS
with system level level with loaded.
preliminary with preliminary Baseline
Phase D preliminary Phase D Integrated
completion Phase D completion Master
ranges completion ranges or Schedule
ranges high and low
schedule
values with
JcL. Prelim-
inary IMS
5.e. Cost Estimate [Required per OCFO-SID/R Preliminary Update Risk-informed | Risk-informed | Update Update | Update Update Update Update
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Products Product Pre-Phase Phase A Phase B Phase C Phase D Phase | Phase
Owner/ A KDP B KDP C KDP D KDP E E F
Require- KDP A KDP F
mep"rtag:if:“ MCR SRR SDR/MDR |PDR CDR SIR ORR |MRR/FRR |DR DRR
NPR 7120.5] Range range baseline
estimate estimate or
high and low-
cost values
with JCL*
5.f. Basis of Estimate (cost and OCFO-SID/R Initial (for Update (for | Update (for Update for Update Update | Update Update Update Update
schedule) [Required per NPR range) range) range or high cost and
7120.5] and low schedule
values with estimate
JoLt
5.g. Confidence Level(s) and OCFO-SID/R Preliminary Baseline Update® | Update®
supporting documentation cost Joint Cost and
[Required per NPR 7120.5] confidence Schedule
level and Confidence
preliminary Level
schedule
confidence
level or JCL*
5.h. External Cost and Schedule OCFO-SID/R Preliminary Baseline
Commitments [Required per NPR for ranges or
7120.5] Jett
5.i. CADRe [Required per NPR OCFO-SID/R Baseline Update Update Update Update Update{ Update
7120.5]
5.j. PMB [Required per NPR OCFO-SID/R Baseline Update Update | Update Update
7120.5]

"These products are developed by the Mission Directorate.
2These document the work of the key technical activities performed in the associated phases.
*The Program Plan and Project Plans may be combined with the approval of the MDAA.

“ Single-project programs with LCC or initial capability cost of $1B or over develop high and low values for cost and schedule with corresponding JCL values at KDP B per Section

24.31.a.

® Single-project programs with LCC or initial capability cost of $1B or over update the JCL at CDR per Section 2.4.3.3.

® Projects with LCC or initial capability cost of $1B or over update the JCL at KDP D per Section 2.4.3.4 if current development costs exceed development ABC cost by 5 percent or

more.

"The CADRe for MRR/FRR is considered the “Launch CADRe” to be completed after the launch.
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Table 3-6 Single-Project Program Plan Control Plans Maturity Matrix

Product Phase A Phase B Phase C Phase D Phase E
. Owner/ Pre-Phase A KDP B KDP C KDP D KDP E KDP F
7120.5F Appendices G and H or Best MCR SRR SDR/MDR PDR CDR SIR | ORR |MRR/FRR DR
for Control Plan Details) Practice
1. Technical, Schedule, and Cost OCE/R Approach for managing Preliminary Baseline Update
Control Plan [Required per NPR schedule and cost during
7120.5] Phase A'
2. Safety and Mission Assurance Plan OSMA/R Baseline Update Update Update Update Update
[Required per NPRs 8705.2 and (SMSR)
8705.4]
3. Risk Management Plan [Required OSMA/R Approach for managing risks | Baseline Update Update
per NPR 8000.4] during Phase A
4. Acquisition Strategy [Required per OCE/R Preliminary Strategy Baseline Update Update
NPD 1000.5]
5. Technology Development Plan (may OCE/BP Baseline Update Update Update
be part of Formulation Agreement)
[additional information in NPR
7500.2, NPR 7123.1, and NPR
7120.5]
6. Systems Engineering Management OCE/R Preliminary Baseline Update Update
Plan [Required per NPR 7123.1]
7. System Security Plan [Required per OCIO/R Preliminary Update Baseline Update Update
NPR 2810.1]
8. Software Management Plan(s) OCE/R Preliminary Baseline Update
[Required per NPR 7150.2;
additional information in NASA-STD-
8739.8]
9. Verification and Validation Plan OCE/R Preliminary Approach’ Preliminary Baseline Update Update
[Required per NPR 7120.5,
additional information in NPR
7123.1]
10. Review Plan [Required per NPR OCE/R Preliminary Baseline Update Update
7120.5°
11. Mission Operations Plan [Required OCE/R Preliminary | Baseline | Update
per NPR 7120.5]
12. NEPA Compliance Documentation OSI-EMD/ Baseline
[Required per NPR 8580.1] R
13. Integrated Logistics Support Plan OSI-LMD/R Approach for managing Preliminary Preliminary Baseline Update
[Required per NPD 7500.1] Iogistics2
14. Science Data Management Plan SMD/BP Preliminary Baseline| Update
[additional information in NPD
2200.1 and NPRs 2200.2, 1441.1,
and 8715.24]
15. Integration Plan [Required per NPR OCE/R Preliminary approach? Preliminary Baseline Update
7120.5]
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Product Phase A Phase B Phase C Phase D Phase E
. Owner/ Pre-Phase A KDP B KDP C KDP D KDP E KDP F
(See Templates in NPR Requirement
7120.5F Appendices G and H or Best MCR SRR SDR/MDR PDR CDR SIR ORR |MRR/FRR DR
for Control Plan Details) Practice
16. Configuration Management Plan OCE/R Baseline Update Update
[Required per NPR 7120.5;
additional information in NPR 7123.1
and SAE/EIA 649]
17. Security Plan [Required per NPR OPS/R Preliminary Baseline Update annually
1040.1 and NPR 1600.1]
18. Project Protection Plan [Required OCE/R Preliminary Baseline Update Update Update Update Update annually
per NPR 1058.1, additional
information in NASA-STD-1006]
19. Technology Transfer (formerly OlIR/R Preliminary Baseline Update
Export) Control Plan [Required per
NPR 2190.1]
20. Knowledge Management Plan OCE/BP Approach for managing during Preliminary Baseline Update
[additional information in NPD Phase A
7120.4 and NPD 7120.6]
21. Human-Rating Certification OSMA/R Preliminary approach2 Initial Update Update Update Update Approve
Package [Required per NPR 8705.2] Certifi-
cation
22. Planetary Protection Plan [Required OSMA/R Planetary Baseline
per NPD 8020.7 and NPR 8715.24] Protection
Categorization (if
applicable)
23. Nuclear Launch Authorization Plan OSMA/R Baseline (mission
[additional information in NPR has nuclear
8715.26] materials)
24. Range Safety Risk Management OSMA/R Preliminary |Preliminary| Baseline
Process Documentation [Required
per NPR 8715.5]
25. Communications Plan [additional OComm/BP Preliminary Baseline Update Update
information in NPR 7120.5]
26. Quality Assurance Surveillance OSMA/R Preliminary Baseline Update Update Update
Plan [Required per NPR 8735.2 and
NASA FAR Supplement Part
1837.604]
27. Orbital Collision Avoidance Plan OCE/R Baseline Update
[Required per NID 7120.132]
28. Human Systems Integration Plan OCE-OSMA- Preliminary Baseline Update Update Update
[additional information in NASA/SP- OCHMO/R
20210010952 NASA HSI Handbook
and NPR 7123.1]

' Not the Plan, but documentation of high-level process. May be documented in MCR briefing package.
2 Not the Plan, but documentation of considerations that might impact the cost and schedule baselines. May be documented in MCR briefing package.

3 Review Plan should be baselined before the first review.
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4 Project Life Cycle, Oversight, and
Activities by Phase

4.1 NASA Projects

Projects are the means by which NASA accomplishes the work needed to explore space,
expand scientific knowledge, and perform aeronautics research on behalf of the Nation.
NASA’s technologically challenging projects develop the hardware and software required
to deliver NASA’s missions and regularly extend the Nation’s scientific and technological
boundaries. These complex endeavors require a disciplined approach framed by a
management structure and institutional processes essential to mission success.

A space flight project is a specific investment identified in a Program Plan having defined
requirements, a life-cycle cost, a beginning, and an end. A project also has a management
structure and may have interfaces to other projects, agencies, and international partners. A
project yields new or revised products that directly address NASA’s strategic goals.

As with programs, projects vary in scope and complexity and thus have varying levels of
management requirements and need varying levels of Agency attention and oversight.
NASA accommodates these differences by separating projects into categories that
determine both the project’s oversight council and the specific approval requirements.
Projects are assigned Category 1, 2, or 3 based initially on:

e The project Life-Cycle Cost Estimate (LCCE),34

e The inclusion of significant radioactive material,3> and

e Whether the system being developed is for human space flight.

Secondarily, projects are assigned a category based on a priority level related to the
importance of the activity to NASA, as determined by:

e The extent of international participation (or joint effort with other government
agencies),

e The degree of uncertainty surrounding the application of new or untested technologies,
and

e Spacecraft/payload development risk classification. (See NPR 8705.4, Risk Classification
for NASA Payloads.)

34 The project LCCE includes Phases A through F and all Work Breakdown Structure (WBS) Level 2 elements
and is measured in real year (nominal) dollars. (See Section 5.9 for information about WBS elements.)

35 Significant radioactive material is defined as levels of radioactive material onboard the spacecraft and/or
launch vehicle that require nuclear launch authorization by the NASA Administrator or Executive Office of the
President as described in NPR 8715.26, Nuclear Flight Safety.
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The determination of the priority level is subjective based on how the Agency’s senior
management assesses the risk of the project to NASA’s overall mission success, including
the project’s importance to its external stakeholders.

Guidelines for categorizing projects are shown in Table 4-1, but the Mission Directorate
Associate Administrator (MDAA) may recommend a different categorization that considers
additional risk factors facing the project. Projects that plan continuing operations and
production, including integration of capability upgrades, with an unspecified Phase E end
point are assigned to Category 1 unless otherwise agreed to by the Decision Authority. The
NASA Associate Administrator (AA) approves the final project categorization. The project
category is identified in the Formulation Authorization Document (FAD) and Project Plan
and documented in the KDP B Decision Memorandum. The Office of the Chief Financial
Officer (OCFO) is responsible for the official listing of all NASA projects in accordance with
NPD 7120.4, NASA Engineering and Program/Project Management Policy.3¢ This listing in
the Metadata Manager (MdM) database provides the basis for the Agency Work Breakdown
Structure (WBS). (See Section 5.9 for an explanation of how projects are documented in the
MdM and how the MdM, WBS, and the financial system interrelate.)

Table 4-1 Project Categorization Guidelines

LCC > $2 billion, significant
Priority LCC LCC 2 $365 million | radioactive material, or human
Level < $365 million and < $2 billion space flight
High Category 2 Category 2 Category 1
Medium Category 3 Category 2 Category 1
Low Category 3 Category 2 Category 1

36 These data are maintained by the Office of Chief Financial Officer (OCFO) in a database called the Metadata
Manager (MdM). This database is the basis for the Agency’s work breakdown and forms the structure for
program and project status reporting across all Mission Directorates and mission support offices.

NASA Space Flight Program and Project Management Handbook 118



Projects that plan continuing operations and production, including integration of capability
upgrades, with an unspecified Phase E end point, define an initial capability during Phase A
and develop an initial capability cost which establishes the Agency Baseline Commitment
(ABC) at KDP C. Initial capability is the first operational mission flight (or as defined in the
KDP B Review Plan) and is documented in the KDP B Decision Memorandum. Initial capability
cost includes operations cost for the initial capability. The Phase E cost estimate for
continuing operations and production is established separately as part of the ORR and KDP E
for the 5 years after initial capability and subsequently updated and documented annually for
the next 5-year period. Upgrades during Phase E that meet the Agency criteria for a major
project for external reporting (i.e., cost estimate of $250M or more) are treated as projects for
the purpose of establishing their own development ABC outside the project Phase E cost
estimate. The project Phase E cost estimate is updated to include production and operations
costs associated with these upgrades. Development, production, and operations costs of other
(i.e., non-major) upgrades are included in the project Phase E cost estimate. (See Section 5.5.4
for additional information on developing the Phase E cost estimate.)

Projects can be initiated in a variety of ways. Generally, a program initiates a project, with
support and guidance from the Mission Directorate, as part of the program’s overall
strategy and consistent with the program’s objectives and requirements. These program-
initiated projects are usually either “directed” or “competed” by the Mission Directorate
with support from the program.

e A “directed” mission is generated in a top-down process from the Agency strategic goals
and through the strategic acquisition planning process. It is defined and directed by the
Agency, assigned to a Center3” or implementing organization by the MDAA38 consistent
with direction and guidance from the strategic acquisition planning process, and
implemented through a program or project management structure. Direction may also
come from outside NASA and implementing organizations may include other
Government agencies.

e A “competed” mission is opened up to a larger community for conceptualization and
definition through a Request for Proposal (RFP) or competitive selection process, such
as an Announcement of Opportunity (AO), before entering the conventional life-cycle
process. (See Section 4.3.3.) In a competed mission, a Center is generally part of the
proposal.

Projects can also be initiated in other ways. In some cases, other Federal agencies ask NASA
to design and develop projects. As part of the agreement with that agency, these projects
are usually funded by the sponsoring agency and are known as “reimbursable” projects.
For example, NASA has been supporting the National Oceanic and Atmospheric
Administration (NOAA) by developing spacecraft for them and has turned the operation of

37 For Category 1 projects, the assignment to a Center or other implementing organization is with the
concurrence of the NASA Associate Administrator (AA).

38 As part of the process of assigning projects to NASA Centers, the affected program manager may
recommend project assignments to the MDAA.
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those spacecraft over to NOAA after launch and on-orbit checkout. The Geostationary
Operational Environmental Satellite-R Series (GOES-R) is an example of this type of project.
The requirements of NPR 7120.5, including doing an ABC and Management Agreement,
apply to reimbursable projects unless waived, as well as any additional requirements the
sponsoring partner adds, as negotiated.

Projects can also come from other types of acquisition authorities. These authorities
include, but are not limited to, grants, cooperative agreements, and Space Act Agreements
(SAA). NPR 7120.5 requirements apply to contractors, grant recipients, or parties to
agreements only to the extent specified or referenced in the appropriate contracts, grants,
or agreements.

The National Aeronautics and Space Act of 1958, as amended (51 U.S.C. 20113 (e)), authorizes
NASA "to enter into and perform such ... other transactions as may be necessary in the
conduct of its work and on such terms as it may deem appropriate..." This authority enables
NASA to enter “Space Act Agreements (SAAs)” with organizations in the public and private
sector. SAA partners can be a U.S. or foreign person or entity, an academic institution, a
Federal, state, or local governmental unit, a foreign government, or an international
organization, for profit or not for profit.

SAAs establish a set of legally enforceable terms between NASA and the other party to the
agreement and constitute Agency commitments of resources such as personnel, funding,
services, equipment, expertise, information, or facilities. SAAs can be reimbursable, non-
reimbursable, or funded agreements. Under reimbursable agreements, NASA's costs are
reimbursed by the agreement partner, either in full or in part. Non-reimbursable agreements
are those in which NASA is involved in a mutually beneficial activity that furthers the Agency's
missions, with each party bearing its own costs and no exchange of funds between the parties.
Funded agreements are those under which NASA transfers appropriated funds to an
agreement partner to accomplish an Agency mission. (See NPD 1000.5, Policy for NASA
Acquisition and http://www.nasa.gov/open/plan/space-act.html for additional information
on Space Act Agreements.)

411 Project Life Cycle

Figure 4-1 illustrates the project life-cycle phases, gates, and major events, including Key
Decision Points (KDPs), life-cycle reviews, and principal documents that govern the
conduct of each phase. It also shows how projects recycle through Formulation when
changes warrant such action.
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Each project life-cycle phase includes one or more life-cycle reviews, each designed to
assess a project’s technical and programmatic status and health and assure that the project
has completed the work required at a key point in the life cycle. Life-cycle reviews are
essential elements of conducting, managing, evaluating, and approving space flight projects
and are an important part of NASA’s system of checks and balances. Most life-cycle reviews
are conducted by the project and an independent Standing Review Board (SRB).39 NASA
accords special importance to maintaining the integrity of its independent review process
to gain the value of independent technical and programmatic perspectives.

The Standing Review Board is a group of independent experts who assess and evaluate project
activities, advise projects and Convening Authorities (see Table 2-2 in NPR 7120.5), and
report their evaluations to the responsible organizations as identified in Figure 4-5 of this
handbook. They are responsible for conducting independent reviews (life-cycle and special) of
a project and providing objective, expert judgments to the Convening Authorities. The reviews
are conducted in accordance with approved terms of reference and life-cycle requirements in
NPR 7120.5 and NPR 7123.1. For more detail, see Section 5.10 of this handbook and NASA/SP-
2016-3706, NASA Standing Review Board Handbook.

Life-cycle reviews provide the project and NASA senior management with a credible,
objective assessment of how the project is progressing. The final life-cycle review in a
project life-cycle phase provides essential information for the KDP, which marks the end of
that life-cycle phase. A KDP is the point at which a Decision Authority determines whether
and how a project proceeds through the life cycle, and authorizes key project cost, schedule,
and content parameters that govern the remaining life-cycle activities. A KDP serves as a
mandatory gate through which a project must pass to proceed to the next life-cycle phase.
During the period between the life-cycle review and the KDP, the project continues its
planned activities unless otherwise directed by the Decision Authority.

For Category 1 projects, the Decision Authority is the NASA Associate Administrator (AA).
For Category 2 and 3 projects, the Decision Authority is the MDAA. KDPs for projects are
labeled with capital letters, e.g., KDP A. The letter corresponds to the project phase that will
be entered after successfully passing through the gate.

Figure 4-1 shows two separate life-cycle lines: one for human space flight and one for
robotic space flight. These two communities have developed slightly different terms and
launch approval processes over the years. Despite these subtle differences, the project
management life cycles are essentially the same.

Although project life cycles are fundamentally divided between Formulation and
Implementation, projects may also undergo Pre-Phase A activities before being initiated as
a new project at the start of Formulation. A Mission Directorate, typically supported by a
program office, provides resources for concept studies (i.e., Pre-Phase A (Concept Studies)).

39 LCRs required to be performed by the SRB are depicted by red triangles in Figure 4-1, NASA Project Life
Cycle.
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These Concept Study activities involve Design Reference Mission (DRM) analysis, feasibility
studies, technology needs analyses, engineering systems assessments, and analyses of
alternatives that need to be performed before a specific project concept emerges.

Project Formulation comprises two sequential phases, Phase A (Concept and Technology
Development) and Phase B (Preliminary Design and Technology Completion). Formulation
activities include developing project requirements; assessing technology requirements;
developing the system architecture; completing mission and preliminary system designs;
flowing down requirements to the system and subsystem levels; planning acquisitions;
assessing heritage (the applicability of designs, hardware, and software from past projects
to the present one); conducting safety, performance, cost, and risk trades; identifying and
mitigating development and programmatic risks; conducting engineering development
activities, including developing and testing engineering prototypes and models for the
higher-risk components and assemblies that have not been previously built or flown in the
planned environment; and developing high-fidelity time-phased cost and schedule
estimates and documenting the basis of these estimates. (See Section 4.3.4.1 for additional
detail on Formulation activities.)

During Formulation, the project establishes performance metrics, explores the full range of
implementation options, defines an affordable project concept to meet requirements
specified in the Program Plan, and develops or acquires needed technologies. Formulation
is an iterative set of activities rather than discrete linear steps. Systems engineering plays a
major role during Formulation as described in NPR 7123.1, NASA Systems Engineering
Processes and Requirements.

Formulation continues with execution of activities, normally concurrently, until
Formulation output products such as the Project Plan have matured and are acceptable to
the program manager, Center Director, and MDAA. For projects with LCC or initial
capability cost greater than $250M, these activities allow the Agency to present to external
stakeholders time-phased high-fidelity cost plans and schedule range estimates at KDP B
and high-confidence cost and schedule commitments at KDP C.

Project Implementation comprises Phases C, D, E, and F. Decision Authority approval at
KDP C marks the transition from Phase B of Formulation to Phase C of Implementation:

e Phase C (Final Design and Fabrication) includes completion of final system design and
the fabrication, assembly, and test of components, assemblies, and subsystems.

e Phase D (System Assembly, Integration and Test, and Launch and Checkout) includes
system Assembly, Integration, and Test (AI&T); verification and/or certification;
prelaunch activities; launch; and checkout. Completing KDP E and authorizing launch is
complex and unique because completing the KDP does not lead immediately to
transition to Phase E. Transition to Phase E occurs after successful checkout of the flight
system. (Section 4.4.4 provides details on the launch review and approval process and
the transition to Phase E for human and robotic space flight projects.)
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e The start of Phase E (Operations and Sustainment) marks the transition from system
development and acquisition activities to primarily system operations and sustainment
activities. (See Sustainment and Sustaining Engineering box in Section 4.4.6.1 for an
explanation of sustainment activities.)

e In Phase F (Closeout), project space flight and associated ground systems are taken out
of service and safely disposed of or reused for other activities, although scientific and
other analyses might continue under project funding.

Independent evaluation activities occur throughout all phases.
41.2 Project Life-Cycle Reviews

The project life-cycle reviews identified in the project life cycle are essential elements of
conducting, managing, evaluating, and approving space flight projects. The project manager
is responsible for planning for and supporting the life-cycle reviews. These life-cycle
reviews assess the following six assessment criteria identified in NPR 7120.5:

e Alignment with and contribution to Agency strategic goals and the adequacy of
requirements that flow down from those. The scope of this criterion includes, but is
not limited to, alignment of project requirements and designs with Agency strategic
goals, project requirements and constraints, mission needs and success criteria;
allocation of program requirements to projects; and proactive management of changes
in project scope and shortfalls.

e Adequacy of management approach. The scope of this criterion includes, but is not
limited to, project authorization, management framework and plans, acquisition
strategies, and internal and external agreements.

e Adequacy of technical approach as defined by NPR 7123.1 entrance and success
criteria. The scope of this criterion includes, but is not limited to, flow down of project
requirements to systems and subsystems; architecture and design; and operations
concepts that respond to and satisfy the requirements and mission needs.

e Adequacy of the integrated cost and schedule estimate and funding strategy in
accordance with NPD 1000.5, Policy for NASA Acquisition. The scope of this criterion
includes, but is not limited to, cost and schedule control plans; cost and schedule
estimates (prior to KDP C) and baselines (at KDP C) that are consistent with the project
requirements, assumptions, risks, and margins; Basis of Estimate (BoE); Joint Cost and
Schedule Confidence Level (JCL), when required; and alignment with planned budgets.

e Adequacy and availability of resources other than budget. The scope of this
criterion includes, but is not limited to, planning, availability, competency and stability
of staffing, infrastructure, and the industrial base and supply chain requirements.

¢ Adequacy of the risk management approach and risk identification and
mitigation per NPR 8000.4, Agency Risk Management Procedural Requirements and
NASA/SP-2011-3422, NASA Risk Management Handbook. The scope of this criterion
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includes, but is not limited to risk-management plans, processes (e.g., Risk-Informed
Decision Making (RIDM) and Continuous Risk Management (CRM)), open and accepted
risks, risk assessments, risk mitigation plans, and resources for managing and
mitigating risks.

The Joint Cost and Schedule Confidence Level (JCL) is the product of a probabilistic analysis of
the coupled cost and schedule to measure the likelihood of completing all remaining work at
or below the budgeted levels and on or before the planned completion of the development
phase. A JCL is required for all projects with an LCC or initial capability cost greater than
$250 million at KDP C. A JCL is also required for these projects in the event of a rebaseline
during the Implementation phase. For projects with LCC or initial capability cost > $1B, a JCL
is also required at KDP B and CDR, and at KDP D if current reported development costs have
exceeded the development ABC cost by 5 percent or more. The JCL calculation includes
consideration of the risk associated with all elements, whether they are funded from
appropriations or managed outside of the project. JCL calculations include content from the
milestone at which the JCL is calculated through the completion of Phase D activities. Per NPR
7120.5, at KDP B, if applicable, and KDP C, Mission Directorates plan and budget projects with
an estimated LCC or initial capability cost greater than $250 million based on a 70 percent
JCL or as approved by the Decision Authority. At KDP C, Mission Directorates ensure funding
for these projects is consistent with the Management Agreement and in no case less than the
equivalent of a 50 percent JCL or as approved by the Decision Authority.

Life-cycle reviews are designed to provide the project with an opportunity to ensure that it
has completed the work of that phase and an independent assessment of the project’s
technical and programmatic status and health. Life-cycle reviews are conducted under
documented Agency and Center review processes. (See Section 5.10 in this handbook and
NASA/SP-2016-3706, NASA Standing Review Board Handbook.)

A life-cycle review that occurs at the end of a life-cycle phase is complete when the governing
PMC and Decision Authority complete their assessment and sign the Decision Memorandum.
The life-cycle review process provides:
e The project with a credible, objective independent assessment of how it is progressing.
e NASA senior management with an understanding of whether

— The project is on track to meet objectives,

— The project is performing according to plan, and

— Impediments to project success are addressed.

e For alife-cycle review that immediately precedes a KDP, a credible basis for the
Decision Authority to approve or disapprove the transition of the project at a KDP to
the next life-cycle phase.
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The independent review also provides vital assurance to external stakeholders that NASA's
basis for proceeding is sound.

The project finalizes its work for the current phase during the life-cycle review. In some
cases, the project uses the life-cycle review meeting(s) to make formal programmatic and
technical decisions necessary to complete its work. In all cases, the project utilizes the
results of the independent assessment and the resulting management decisions to finalize
its work. In addition, the independent assessment serves as a basis for the project and
management to determine if the project’s work has been satisfactorily completed, and if the
plans for the following life-cycle phases are acceptable. If the project’s work has not been
satisfactorily completed, or its plans are not acceptable, the project addresses the issues
identified during the life-cycle review or puts in place the action plans necessary to resolve
the issues.

Prior to the project life-cycle reviews, projects conduct internal reviews in accordance with
NPR 7123.1, Center practices, and NPR 7120.5. These internal reviews are key components
of the process used by projects to solidify their plans, technical approaches, and
programmatic commitments and are part of the normal systems engineering work
processes as defined in NPR 7123.1, where major technical and programmatic
requirements are assessed along with the system design and other implementation plans.
For both robotic and human space flight projects, these internal reviews are typically
lower-level system and subsystem reviews that lead to and precede the life-cycle review.
Major technical and programmatic performance metrics are reported and assessed against
predictions. Figure 4-2 shows how these internal reviews relate to life-cycle reviews. (This
graphic is an example based on Goddard Space Flight Center practices. Each Center may
have a different approach.)
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Figure 4-2 Work Led by the Project Throughout the Life Cycle

The project manager has the authority to determine whether to hold a one-step or a two-
step review. This determination usually depends on the state of the project’s cost and
schedule maturity as described below. Any life-cycle review can be either a one-step or a
two-step review. The project manager documents the project’s review approach in the
project Review Plan.

Descriptions of the one-step and two-step life-cycle review processes are provided in
Figures 4-3 and 4-4. (These descriptions are written from the perspective of life-cycle
reviews conducted by a project and an SRB. For life-cycle reviews that do not require an
Agency-led SRB, i.e.,, MCR, FRR/MRR, PLAR, CERR, PFAR, DR, and DRR, the project manager
will work with the Center Director or designee to prepare for and conduct the life-cycle
review in accordance with Center practices and a Center-assigned independent review
team. For such life-cycle reviews conducted by the project and a Center independent
review team, the remaining references to SRB are replaced with Center independent
review team.)

In a one-step review, the project’s technical maturity and programmatic posture are
assessed together against the six assessment criteria. In this case, the project has typically
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completed all its required technical work as defined in NPR 7123.1 life-cycle review
entrance criteria and has aligned the scope of this work with its cost estimate, schedule,
and risk posture before the life-cycle review. The life-cycle review is then focused on
presenting this work to the SRB. Except in special cases, a one-step review is chaired by the
SRB. The SRB assesses the work against the six assessment criteria and then provides an
independent assessment of whether the project has met these criteria. Figure 4-3
illustrates the one-step life-cycle review process.

In a two-step review, the project typically has not fully integrated the project’s cost and
schedule with the technical work. In this case, the first step of the life-cycle review is
focused on finalizing and assessing the technical work described in NPR 7123.1. However
as noted in Figure 4-4, which illustrates the two-step life-cycle review process, the first step
does consider the preliminary cost, schedule, and risk as known at the time of the review.
This first step is only one half of the life-cycle review. At the end of the first step, the SRB
will have fully assessed the technical approach criteria but will only be able to determine
preliminary findings on the remaining criteria since the project has not yet finalized its
work. Thus, the second step is conducted after the project has taken the results of the first
step and fully integrated the technical scope with the cost, schedule, and risk, and has
resolved any issues that may have arisen from this integration. The period between steps
may take up to six months depending on the complexity of the project. In the second step,
which may be referred to as the Independent Integrated Life-Cycle Review Assessment, the
project typically presents the integrated technical, cost, schedule, and risk, just as is done
for a one-step review, but the technical presentations may simply update information
provided during the first step. The SRB then completes its assessment of whether the
project has met the six assessment criteria. In a two-step life-cycle review, both steps are
necessary to fulfill the life-cycle review requirements. Except in special cases, the SRB
chairs both steps of the life-cycle review.

There are special cases, particularly for human space flight projects, where the project uses
the life-cycle review to make formal decisions to complete the project’s technical work and
align it with the cost and schedule. In these cases, the project manager may co-chair the
review since the project manager is using this forum to make project decisions, and the SRB
will conduct the independent assessment concurrently. The project manager will need to work
with the SRB chair to develop the review agenda and agree on how the review will be
conducted to ensure that it enables the SRB to fully accomplish the independent assessment.
The project manager and the SRB chair work together to ensure that the review Terms of
Reference (ToR) reflect their agreement and the Convening Authorities approve the approach.
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1. A one-or two-step review may be used for any life-cycle review.
2. The NASA Standing Review Board Handbook provides information on the readiness assessment, snapshot reports, and checkpoints associated

with life-cycle reviews.

Figure 4-3 One-Step1 PDR Life-Cycle Review Overview
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1. A one-or two-step review may be used for any life-cycle review.
2. The NASA Standing Review Board Handbook provides information on the readiness assessment, snapshot reports, and checkpoints associated
with life-cycle reviews.

Figure 4-4 Two-Step1 PDR Life-Cycle Review Overview

Details on project review activities by life-cycle phase are provided in the sections below.
NASA/SP-2016-3706, NASA Standing Review Board Handbook and Section 5.10 in this
handbook also contain more detailed information on conducting life-cycle reviews. NPR
7123.1 provides life-cycle review entrance and success criteria, and Appendix [ in NPR
7120.5F and Appendix E in this handbook provide specifics for addressing the six
assessment criteria required to demonstrate the project has met the expected maturity
state to transition to the next phase.

41.3 Other Reviews and Resources

Special reviews may be convened by the Office of the Administrator, MDAA, Center Director,
the Technical Authority (TA),*° or other Convening Authority. Special reviews may be
warranted for projects not meeting expectations for achieving safety, technical, cost, or
schedule requirements; not being able to develop an enabling technology; or experiencing
some unanticipated change to the project baseline. Special reviews include a Rebaseline

40 That is, individuals with specifically delegated authority in Engineering (ETA), Safety and Mission
Assurance (SMA TA), and Health and Medical (HMTA). See Section 5.2 for more information on Technical
Authorities.
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Review and Termination Review. Rebaseline Reviews are conducted when the Decision
Authority determines the Agency Baseline Commitment (ABC) needs to be changed. (For
more detail on Rebaseline Reviews, see Section 5.5.5.1. For more detail on the ABC, see
Section 4.2.4 and Section 5.5.) A Termination Review may be recommended by a Decision
Authority, MDAA, or program executive if he or she believes it may not be in the
Government’s best interest to continue funding a project. Other reviews, such as Safety and
Mission Assurance (SMA) reviews, are part of the regular management process. For
example, SMA Compliance Verification reviews are spot reviews that occur on a regular
basis to ensure projects are complying with NASA safety principles and requirements. (For
more detail on Termination Reviews and SMA reviews, see Section 5.11.)

Other resources available to help a project manager evaluate and improve project
performance include the following:

e The NASA Engineering and Safety Center (NESC), an independently funded organization
with a dedicated team of technical experts, provides objective engineering and safety
assessments of critical, high-risk projects. The NESC is a resource to benefit projects
and organizations within the Agency, the Centers, and the people who work there by
promoting safety through engineering excellence, unaffected and unbiased by the
projects it is evaluating. The NESC mission is to proactively perform value-added
independent testing, analysis, and assessments to ensure safety and mission success
and help NASA avoid future problems. Projects seeking an independent assessment or
expert advice on a particular technical problem can contact the NESC at
https://www.nasa.gov/nesc or the NESC Chief Engineer at their Center.

e The NASA Independent Verification and Validation (IV&V) Facility strives to improve
the software safety, reliability, and quality of NASA projects and missions through
effective applications of systems and software IV&V methods, practices, and techniques.
The NASA IV&V Facility applies software engineering best practices to evaluate the
correctness and quality of critical and complex software systems. When applying
systems and software [V&V, the NASA IV&V Facility seeks to ensure that the software
exhibits behaviors exactly as intended, does not exhibit behaviors that were not
intended, and exhibits expected behaviors under adverse conditions. Software IV&V has
been demonstrated to be an effective technique on large, complex software systems to
increase the probability that software is delivered within cost and schedule, and that
software meets requirements and is safe. When performed in parallel with systems
development, software IV&V provides for the early detection and identification of risk
elements, enabling early mitigation of the those elements. For projects that are required
or desire to do software IV&V, contact information is available on the Katherine
Johnson IV&YV Facility home page at
http: //www.nasa.gov/centers/ivv/home/index.html. (All Category 1 projects; all
Category 2 projects that have Class A or Class B payload risk classification per NPR
8705.4, Risk Classification for NASA Payloads; and projects specifically selected by the
NASA Chief, Safety and Mission Assurance (SMA) are required to do software IV&V. See
NPR 7120.5F and Section 4.1 in this handbook for project categorization guidelines.)
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41.4 Project Evolution and Recycle

A project may evolve over time in ways that make it necessary to go back and restart parts
of its life cycle. A project may evolve as a result of a planned series of upgrades, when the
need for new capabilities is identified, or when the project includes reflights.

When the requirements imposed on a project significantly change, it is necessary to
evaluate whether the changes impact the current approved approach and/or system design
and performance. In some cases, the Decision Authority may ask the project to go back
through the necessary life-cycle phases and reviews and to update project documentation
to ensure that the changes have been properly considered in light of the overall project
and/or system performance. It may not be necessary to restart the life-cycle process at the
beginning. The decision on when and where to recycle through the life-cycle reviews will
be based on a discussion between the project, the program, the Mission Directorate, and
the Decision Authority. For example, a project may need to refurbish operational reusable
systems after each flight, or a project may be required to make modifications between
flights. A project going back through a part of its life cycle is depicted in Figure 4-1 on the
“Reflights” line. “Reflight” may involve updates to the Project Plan and other
documentation.

41.5 Project Tailoring

Project teams are expected to tailor the requirements of NPR 7120.5 to meet the specific
needs of the project. All the requirements will generally be applicable to Category 1
projects whereas only some of the more significant requirements may be applicable to
Category 3 projects, for example.

When a project team and its management determine that a requirement is not needed, the
process for tailoring that requirement requires getting permission from the requirement
owner. Tailoring can be done using the Compliance Matrix attached to the Formulation
Agreement or Project Plan. Tailoring of NPR 7120.5F requirements is approved when the
proper authorities for the Formulation Agreement or Project Plan and the requirement
owners (indicated in the Compliance Matrix) have signed off on the tailoring. Tailoring
processes, compliance matrices, consultation and assistance, guidance, and resources to
help the project manager tailor requirements can be found in Section 5.4 of this handbook,
Appendix C of NPR 7120.5F, and the Agency Tailoring Website at
https://appel.nasa.gov/npr-7120-5-tailoring-resources. Resources available on the Agency
Tailoring Website include:

e The full Compliance Matrix.

e Pre-Customized Compliance Matrix templates that eliminate non-applicable
requirements for specific types of programs and projects.
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e Points of Contact provided by HQ requirements owners and some Mission Directorates
for consulting with and assisting programs and projects in developing their tailoring
approach and in obtaining approval for tailoring.

e Information on how the NASA Program and Project Management Board (PPMB) may
assist programs and projects in tailoring requirements and provide guidance through
the tailoring process.

e Guidance documents for developing a project’s tailoring approach provided by some HQ
requirements owners (e.g., OCE, OCFO) including guidance for small Category 3, Class D
projects with a Life-Cycle Cost (LCC) under $150 million.

e Guidance documents from some Mission Directorates for developing a project’s
tailoring approach.

In addition, the full Compliance Matrix (NPR 7120.5 Rev F Compliance Matrix*!) and
tailoring guidance for small Category 3, Class D projects with a LCC under $150 million
(Guidance for Tailoring 7120.5 Requirements for Small Cat 3/Class D Projects#?) can be found
on the OCE tab in NODIS under “Other Policy Documents.”

Tailoring allows projects to perform only those activities that are needed for mission
success while still meeting Agency external requirements and receiving the benefits of
NASA policy, reflecting lessons learned and best practice. Project managers and their
management are encouraged to thoughtfully examine and tailor requirements so projects
perform only those requirements that contribute to achieving mission success.
Requirements imposed by Federal law or external entities generally cannot be waived.

The Agency has established requirements and developed handbooks that discuss best
practices to help project managers achieve project mission success. However, it is not
possible to generate the proper requirements and guidelines for every possible scenario.
Project managers and their teams need to use good common sense when developing their
plans, processes, and tools so that they can be effective, efficient, and successful with
acceptable risk. Project managers work with their program manager, Center, and the
Mission Directorate when tailoring requirements to ensure that all parties agree with the
proposed approach.

4.2 Project Oversight and Approval

NASA has established a project management oversight process to ensure that experience,
diverse perspectives, and thoughtful programmatic and technical judgment at all levels are
available and applied to project activities. The Agency employs management councils and
management forums, such as the Baseline Performance Review (BPR), to provide insight to

41 https://nodis3.gsfc.nasa.gov/OCE docs/OCE 55.docx
42 https://nodis3.gsfc.nasa.gov/OCE docs/OCE 57.pdf
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upper management on the status and progress of projects and their alignment with Agency
goals. (See Section 4.2.5.) This section describes NASA’s oversight approach and the
process by which a project is approved to move forward through its life cycle. It defines
and describes NASA’s Decision Authority, Key Decision Points (KDPs), management
councils, and the BPR.

The general flows of the project oversight and approval process for life-cycle reviews that
require SRBs and for the periodic reporting activity for projects are shown in Figure 4-5.
Prior to the life-cycle review, the project conducts its internal reviews. Then the project and
the SRB conduct the life-cycle review. Finally, the results are reported to senior
management through the management councils.

Project conducts internal Proiect
Proiect conducts Project reviews in accordance with rojec prEpar;es) f
roJ'ect activities initiates approved Review Plan and Center summatrytpac i%ﬁ sl_for
Forjcurrent hase internal review practices; these internal reviews preser|1 a |or1 a (SI:RI €
P process are typically integrated discipline cycle review ’
L . SDR/MDR, PDR, CDR, etc.)
and mission phase reviews

Y
Project prepares
peric:dic ripc?rts for Project and Project SRB reports Life-cycle
management = SRB dispositions <€— outto € review e.g,
findings SRB findings program/project SRR, SDR/MDR!
cMC cMmC?
assessments assessment
DPMC DPMC
assessments assessment
- BPR Convene APMC to consider:
assessments * CMC/TA recommendations APMC )
* SRB Final Management ) recomme-nfiatlon
) o Briefing Package to Decision
P Project activity « Program/project Authority3
[ Periodic reporting activity disposition of SRB findings
1 Life-cycle review activity

1See the NASA Standing Review Board Handbook for details.

2 May be an Integrated Center Management Council when multiple Centers are involved.

3 Life-cycle review that occurs at the end of a life-cycle phase is complete when the governing PMC and Decision Authority
complete their assessment.

Figure 4-5 Project Life-Cycle Review Process and Periodic Reporting Activity

Additional insight is provided by the independent perspective of SRBs at life-cycle reviews
identified in Figure 4-1. Following each life-cycle review, the chair of the independent SRB
and the project manager brief the applicable management councils on the results to
support the councils’ assessments. These briefings are completed within 30 days of the life-
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cycle review. The 30 days ensure that the Decision Authority is informed in a timely
manner as the project moves forward to preclude the project from taking action that the
Decision Authority does not approve. These briefings cover the objectives of the review;
the project’s maturity compared to the maturity expected at that point in the life cycle;
findings and recommendations to rectify issues or improve mission success; the project’s
response to these findings; and the project’s proposed cost, schedule, safety, and technical
plans for the follow-on life-cycle phases. This process enables a disciplined approach for
developing the Agency’s assessment, which informs the Decision Authority’s

KDP determination of project readiness to proceed to the next life-cycle phase. Life-cycle
reviews are conducted under documented Agency and Center review processes.

421 Decision Authority

The Decision Authority is the Agency individual who makes the KDP determination on
whether and how the project proceeds through the life cycle and authorizes the key project
cost, schedule, and content parameters that govern the remaining life-cycle activities.

The Decision Authority is the individual authorized by the Agency to make important
decisions on projects under his or her purview. The Decision Authority makes the KDP decision
by considering factors such as technical maturity; continued relevance to Agency strategic
goals; adequacy of cost and schedule estimates; associated probabilities of meeting those
estimates (confidence levels); continued affordability with respect to the Agency’s resources;
maturity and the readiness to proceed to the next phase; and remaining project risk (safety,
cost, schedule, technical, management, and programmatic).

For Category 1 projects, the Decision Authority is the NASA Associate Administrator (AA),
who signs the Decision Memorandum at the KDP. The AA may delegate this authority to the
MDAA for Category 1 projects. For Category 2 and 3 projects, the Decision Authority is the
MDAA, who signs the Decision Memorandum at the KDP. These signatures indicate that, as
the approving official, the Decision Authority has been made aware of the technical and
programmatic issues within the project, approves the mitigation strategies as presented or
with noted changes requested, and accepts technical and programmatic risk on behalf of
the Agency. The MDAA may delegate some of his or her Programmatic Authority to
appropriate Mission Directorate staff or to Center Directors. Decision authority may be
delegated to a Center Director for determining whether Category 2 and 3 projects may
proceed through KDPs into the next phase of the life cycle. However, the MDAA retains
authority for all program-level requirements, funding limits, launch dates, and any external
commitments. All delegations are documented and approved in the Program Plan.

422 Management Councils
4221 Program Management Councils

At the Agency level, NASA Headquarters has two levels of Program Management Councils
(PMCs): the Agency PMC (APMC) and the Mission Directorate PMCs (DPMCs). The PMCs
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evaluate the safety, technical, and programmatic performance (including cost, schedule,
risk, and risk mitigation) and content of a project under their purview for the entire life
cycle. These evaluations focus on whether the project is meeting its commitments to the
Agency and on ensuring successful achievement of NASA strategic goals. Table 4-3 shows
the governing management councils for projects (by category).

Table 4-3 Relationship Between Projects and PMCs

Agency PMC Mission Directorate PMC
Category 1 Projects L X
Category 2 Projects )
Category 3 Projects ®

Legend: ® Governing PMC; X PMC evaluation

For all Category 1 projects, the governing PMC is the APMC. The APMC is chaired by the
NASA Associate Administrator (AA) and comprises Headquarters senior managers and
Center Directors. The council members advise the AA in his or her role as the PMC Chair
and Decision Authority. The APMC is responsible for:

e Ensuring that NASA is meeting the commitments specified in the relevant management
documents for project performance and mission assurance.

e Ensuring implementation and compliance with NASA program and project management
processes and requirements.

e Reviewing projects routinely, including NASA’s institutional ability to support project
commitments.

e Reviewing special and out-of-cycle assessments.

e Approving the Mission Directorate strategic portfolio and its associated risk.

As the governing PMC for Category 1 projects, the APMC evaluates projects in support of
KDPs. For these projects, the KDP normally occurs at the conclusion of an APMC review as
depicted in Figure 4-5. The APMC makes a recommendation to the NASA AA (or delegated
Decision Authority) on a Category 1 project’s readiness to progress in its life cycle and
provides an assessment of the project’s proposed cost, schedule, and content parameters.
The NASA AA (or delegate), as the Decision Authority for Category 1 projects, makes the
KDP determination on whether and how the project progresses in its life cycle and
authorizes the key project cost, schedule, and content parameters that govern the
remaining life-cycle activities. Decisions are documented in a formal Decision
Memorandum and actions are tracked in a Headquarters tracking system such as the
Headquarters Action Tracking System (HATS). (See Sections 4.2.4 and 5.5 for a description
of the Decision Memorandum.)
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A DPMC provides oversight for the MDAA and evaluates all projects executed within that
Mission Directorate. The DPMC is the governing council for all Category 2 and 3 projects. It
is usually chaired by the MDAA and comprises senior Headquarters executives from that
Mission Directorate. The MDAA may delegate the chairmanship to one of his or her senior
executives. The activities of the DPMC are directed toward periodically (usually monthly)
assessing projects’ performance and conducting in-depth assessments of projects at critical
milestones. The DPMC makes recommendations regarding the following:

e Initiation of new projects based on the results from advanced studies.

e Action on the results of periodic or special reviews, including rebaselining or
terminating projects.

e Transition of ongoing projects from one phase of the project life cycle to the next.

As the governing PMC for Category 2 and 3 projects, the DPMC evaluates projects in
support of KDPs. The KDP normally occurs at the conclusion of the DPMC as depicted in
Figure 4-5. The DPMC makes a recommendation to the MDAA (or delegated Decision
Authority) on a Category 2 or 3 project’s readiness to progress in its life cycle and provides
an assessment of the project’s proposed cost, schedule, and content parameters. The MDAA
(or delegate), as the Decision Authority for Category 2 and 3 projects, makes the

KDP determination on whether and how the project progresses in its life cycle and
authorizes the key project cost, schedule, and content parameters that govern the
remaining life-cycle activities. The results of the DPMC are documented in a formal
Decision Memorandum and include decisions made and actions to be addressed.

The DPMC also evaluates Category 1 projects in support of the review by the APMC and the
KDP. For Category 1 projects, the MDAA carries forward the DPMC findings and
recommendations to the APMC. However, the MDAA may determine in some cases that a
Category 1 project is not ready to proceed to the APMC and may direct corrective action.

4.2.2.2 Center Management Council

Centers have a Center Management Council (CMC) that typically meets monthly. The CMC
provides oversight and insight for the Center Director (or designee) for all project work
executed at that Center. The CMC evaluation focuses on whether the project under review
is following Center engineering, Safety and Mission Assurance (SMA), health and medical,
and management best practices (e.g., project management, resource management,
procurement, institutional); whether Center resources support project requirements; and
whether the project is meeting its approved plans successfully. The Center Director (or
designee), as chair of the CMC, may provide direction to the project manager to correct
project deficiencies with respect to these areas. However, the Center Director does not
provide direction, but only recommendations to the project manager, Mission Directorate,
or Agency leadership with respect to programmatic requirements, budgets, and schedules.
The CMC also assesses project risk and evaluates the status and progress of activities to
identify and report trends and provide guidance to the Agency and affected projects. For
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example, the CMC may note a trend of increasing risk that potentially indicates a bow wave
of accumulating work or may communicate industrial base issues to other programs or
projects that might be affected. The Center Director, as CMC chair, provides the Center’s
findings and recommendations to project managers, program managers, the DPMC, and the
APMC, if applicable, regarding the performance, technical, and management viability of the
project prior to KDPs. This includes making recommendations to the Decision Authority at
KDPs regarding the ability of the project to execute successfully. (Figure 4-5 shows this
process.) These recommendations consider all aspects, including safety, technical,
programmatic, and major risks and strategy for their mitigation and are supported by
independent analyses, when appropriate.

In accordance with NPR 7120.5: “Center Directors are responsible and accountable for all
activities assigned to their Center. They are responsible for the institutional activities and for
ensuring the proper planning for and successful execution of programs and projects assigned
to the Center.” This means that the Center Director is responsible for ensuring that projects
develop plans that are executable within the guidelines from the Mission Directorate and that
these projects are executed within the approved plans. In cases where the Center Director
believes a project cannot be executed within approved guidelines and plans, the Center
Director will work with the project and Mission Directorate to resolve the problem. (See
Section 5.1.2 for additional information on the Center Directors’ responsibilities.)

The relationship of the various management councils to each other is shown in Figure 4-6.
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Figure 4-6 Management Council Reviews in Support of KDPs
42.2.3 Integrated Center Management Councils

An Integrated Center Management Council (ICMC) may be used for any project conducted
by multiple Centers. The ICMC performs the same functions as the CMC but generally
includes the Center Director (or representative) from each Center with a substantial
project development role. The ICMC is chaired by the Center Director (or representative) of
the Center responsible for the project management.

When an ICMC is used to oversee the project, the participating Centers work together to
define how the ICMC will operate, when it will meet, who will participate, how decisions
will be made, and how Formal Dissents will be resolved. (See Section 5.3 on Formal
Dissent.) In general, final decisions are made by the chair of the ICMC. When a participating
Center Director disagrees with a decision made at the ICMC, the standard Formal Dissent
process is used. As an example, this would generally require that the NASA Chief Engineer
resolve disagreements for engineering or project management policy issues.
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423 Key Decision Points

At Key Decision Points (KDPs), the Decision Authority reviews all the materials and
briefings at hand, decides whether the project is sufficiently mature and ready to progress
through the life cycle, and authorizes the content, cost, and schedule parameters for the
ensuing phase(s). KDPs conclude the life-cycle review at the end of a life-cycle phase. A
KDP is a mandatory gate through which a project must pass to proceed to the next life-cycle
phase.

A life-cycle review that occurs at the end of a life-cycle phase is complete when the governing
PMC and Decision Authority complete their assessment and sign the Decision Memorandum.
The potential outcomes at a KDP include the following:

e Approval to enter the next project phase, with or without actions.

e Approval to enter the next phase, pending resolution of actions.

e Disapproval for continuation to the next phase. In such cases, follow-up actions may
include:

— Arequest for more information and/or a follow-up review that addresses significant
deficiencies identified as part of the life-cycle review;

— Arequest for a Termination Review for the project (Phases B, C, D, and E only);
— Direction to continue in the current phase; or
— Redirection of the project.
To support a KDP decision process, appropriate KDP readiness products are submitted to

the Decision Authority and members of the governing PMC. These materials include the
following:

e The project’s proposed cost, schedule, safety, and technical plans for their follow-on
phases. This includes the proposed preliminary and final project baselines at KDPs B
and C, respectively.

e Summary of accepted risks and waivers.

e Project documents or updates signed or ready for signature; for example, the project
Formulation Authorization Document (FAD), project Formulation Agreement, Project
Plan, Memoranda of Understanding (MOUs), and Memoranda of Agreement (MOAs).
(See Section 4.3.1.3.1 for more information about the FAD.)

e Summary status of action items from previous KDPs (except for KDP A).
e Draft Decision Memorandum and supporting data. (See Section 4.2.4.)
e The program manager recommendation.

e The project manager recommendation.
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e The final SRB Management Briefing Package.
e The CMC or ICMC recommendation.
e The MDAA recommendation (for Category 1 projects).

e The governing PMC review recommendation.

After reviewing the supporting material and completing discussions with all parties, the
Decision Authority determines whether and how the project proceeds and approves any
additional actions. These decisions are summarized and recorded in the Decision
Memorandum. The Decision Authority completes the KDP process by signing the Decision
Memorandum. The expectation is to have the Decision Memorandum signed by concurring
members as well as the Decision Authority at the conclusion of the governing PMC KDP
meeting. (For more information on the Decision Memorandum, including signatories and
their respective responsibilities, see Section 5.5.7.) The Decision Authority archives the
KDP documents with the Agency Chief Financial Officer, and the project manager attaches
the approved KDP Decision Memorandum to the Formulation Agreement or Project Plan.
Any appeals of the Decision Authority’s decisions go to the next higher Decision Authority.
(See Section 4.3.2.1 for a detailed description of the Formulation Agreement.)

4.2.4 Decision Memorandum, Management Agreement, and Agency Baseline
Commitment

The Decision Memorandum is a summary of key decisions made by the Decision Authority
at a KDP, or as necessary, in between KDPs. Its purpose is to ensure that major project
decisions and their basis are clearly documented and become part of the retrievable
records. The Decision Memorandum supports clearly defined roles and responsibilities and
a clear line of decision making and reporting documented in the official project
documentation.

When the Decision Authority approves the project’s entry into the next phase of its life
cycle at a KDP, the Decision Memorandum describes this approval and the key project cost,
schedule, and content parameters authorized by the Decision Authority that govern the
remaining life-cycle activities. The Decision Memorandum also describes the constraints
and parameters within which the Agency and the project manager operate; i.e., the
Management Agreement, the extent to which changes in plans may be made without
additional approval, and any additional actions that came out of the KDP.
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The Management Agreement contained within the Decision Memorandum defines the
parameters and authorities over which the project manager has management control. A
project manager has the authority to manage within the Management Agreement and is
accountable for compliance with the terms of the agreement. The Management Agreement,
which is documented at every KDP, may be changed between KDPs as the project matures,
with approval from the Decision Authority. The Management Agreement typically is viewed as
a contract between the Agency and the project manager and requires renegotiation and
acceptance if it changes.

During Formulation, the Decision Memorandum documents the key parameters, including
LCC or initial capability cost and schedule, related to work to be accomplished during each
phase of Formulation. For projects with a LCC or initial capability cost greater than $250
million, the Decision Memorandum includes a target LCC or initial capability cost range and
schedule range that the Decision Authority determines is reasonable to accomplish the
project. Given the project’s lack of maturity during Formulation, this range reflects the
broad uncertainties regarding the project’s scope, technical approach, safety objectives,
acquisition strategy, implementation schedule, and associated costs. The range is also the
basis for coordination with the Agency’s stakeholders, including the White House and
Congress. At KDP B, a more refined LCC range is developed. For projects with a LCC or
initial capability cost greater than $250 million and less than $1 billion, the Decision
Memorandum establishes high-fidelity cost and schedule range estimates and associated
confidence levels. For projects with a LCC or initial capability cost greater than or equal to
$1 billion, the Decision Memorandum establishes a high and low value for cost and
schedule with the corresponding JCL value.

During Implementation, the Decision Memorandum documents the parameters for the
entire life cycle of the project. Projects transition from Formulation to Implementation at
KDP C. At this point, the approved Life-Cycle Cost Estimate (LCCE) or initial capability cost
estimate of the project is no longer documented as a range but instead as a single number.
The schedule is documented as a single date. For projects with a LCC or initial capability
cost greater than $250 million, the Decision Memorandum also establishes the
corresponding JCL.

The LCCE includes all costs, including all Unallocated Future Expenses (UFE) and funded
schedule margins for development through prime mission operations (the mission
operations as defined to accomplish the prime mission objectives) to disposal, excluding
extended operations.*3

43 Projects that are part of tightly coupled programs document their LCCE in accordance with the life-cycle
scope defined in their program'’s Program Plan, PCA or FAD, or the project’s FAD and other parameters in
their Decision Memorandum and ABC at KDP C. Projects that plan continuing operations and production,
including integration of capability upgrades, with an unspecified Phase E end point do not use extended
operations.
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The initial capability cost estimate includes all costs, including all UFE and funded schedule
margins for development through initial capability operations.

Unallocated Future Expenses (UFE) are the portion of estimated cost required to meet the
specified confidence level that cannot yet be allocated to the specific WBS sub-elements
because the estimate includes probabilistic risks and specific needs that are not known until
these risks are realized. (For projects that are not required to perform probabilistic analysis,
the UFE should be informed by the project’s unique risk posture in accordance with Mission
Directorate and Center guidance and requirements. The rationale for the UFE, if not
conducted via a probabilistic analysis, should be appropriately documented and be traceable,
repeatable, and defendable.) UFE may be held at the project level, program level, and Mission
Directorate level.

Extended operations are operations conducted after the planned prime mission operations
are complete. (The planned prime mission operations period is defined in a program’s FAD or
PCA and in a project’s FAD.) Extended operations may be anticipated when the PCA or FAD is
approved, but the complexity and duration of the extended operations cannot be
characterized. Examples of this case include long-duration programs, such as the space
shuttle and space station programs. Alternatively, the need for extended operations may be
identified later as the program or project is nearing the completion of its planned prime
mission operations period. Examples include cases when extended operations contribute to
the best interests of the Nation and NASA. For example, a mission may become vital to the
success of programs run by another Federal agency, such as the need for mission data for
terrestrial or space weather predictions by the National Oceanic and Atmospheric
Administration. NASA’s best interest may include continuing value to compelling science
investigations that contribute to NASA's strategic goals. All extended operations periods need
to be approved. The approval process is determined by the program or project’s Mission
Directorate and may require Agency-level approval. Program or project documentation, such
as the Program or Project Plan, needs to be revised to continue the mission into extended
operations.

The prime mission is approved for operations at KDP E. This mission has a defined
operations span, but in many cases, the mission can be extended beyond the currently
approved operational span. During the prime mission phase, the Mission Directorate may
initiate consideration for approval for an extended mission:

e Generally for science missions, the Mission Directorate solicits a proposal from the
project and establishes a process for proposal evaluation. This process usually includes
submitting the proposal to a science theme-specific Senior Review, a peer review panel,
for evaluation of the merits of the proposal. The Mission Directorate can accept, modify,
or reject the proposal and can establish new budget authority for operating in the
extended phase.

e For Human Space Flight (HSF) missions, the Mission Directorate asks the program
office to develop a proposal for extending the mission. The Mission Directorate
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evaluates the proposal and works with Agency senior management to determine the
viability and cost of the extension. Extending HSF missions generally requires close
coordination with the Agency stakeholders and approval of funding by Congress.

The project baseline, called the Agency Baseline Commitment (ABC), is established at
approval for Implementation, KDP C. The ABC and other key parameters are documented in
the Decision Memorandum.

The Agency Baseline Commitment (ABC) is an integrated set of project requirements, cost,
schedule, technical content, and JCL when applicable. The ABC cost is equal to the project LCC
or initial capability cost approved by the Agency at approval for Implementation. The ABC is
the baseline against which the Agency’s performance is measured during the Implementation
Phase of a project. Only one official baseline exists for a project, and it is the ABC. The ABC for
projects with a LCC or initial capability cost greater than $250 million forms the basis for the
Agency’s external commitment to the Office of Management and Budget (OMB) and Congress
and serves as the basis by which external stakeholders measure NASA’s performance for these
projects. Changes to the ABC are controlled through a formal approval process. (See Section
5.5 for a detailed description of maturing, approving, and maintaining project plans, LCCs,
initial capability costs, baselines, and commitments.)

4.2.5 Management Forum: Baseline Performance Review

NASA’s Baseline Performance Review (BPR) serves as NASA’s monthly, internal senior
performance management review, integrating Agency-wide communication of
performance metrics, analysis, and independent assessment for both mission and mission
support projects and activities. While not a council, the Baseline Performance Review
(BPR) is closely linked with the councils and integral to council operations. As an
integrated review of institutional and project activities, the BPR highlights interrelated
issues that impact performance and project risk enabling senior management to quickly
address issues, including referral to the governing councils for decision, if needed. The BPR
forum fosters communication across organizational boundaries to identify systemic issues
and address mutual concerns and risks. The BPR is the culmination of the Agency’s regular
business rhythm performance monitoring activities, providing ongoing performance
assessment between KDPs. The BPR is also used to meet requirements for quarterly
progress reviews contained in the Government Performance Reporting and Accountability
Modernization Act of 2010 (GPRAMA) and OMB Circular A-11 Part 6.44

The NASA Associate Administrator and Associate Deputy Administrator co-chair the BPR.
Membership includes Agency senior management and Center Directors. The Office of the
Chief Engineer (OCE) leads the project performance assessment process conducted by a

44 Additional information on GPRAMA can be found at

https: //www.congress.gov/111 /plaws/publ352/PLAW-111publ352.pdf.

Additional information on A-11 Part 6 can be found at
http://www.whitehouse.gov/sites/default/files/omb/assets/all current year/s200.pdf.
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team of independent assessors drawn from OCE, the Office of the Chief Financial Officer
(OCFO0), and the Office of Safety and Mission Assurance (OSMA).

A typical BPR agenda includes an assessment of each Mission Directorate’s project
performance against Management Agreements and ABCs, with rotating in-depth reviews of
specific mission areas. The schedule ensures that each mission area is reviewed on a
quarterly basis. Mission support functions are included in the BPR. Assessors use existing
materials when possible. Table 4-4 shows typical information sources that may be used by
the BPR assessors. Different emphasis may be placed on different sources depending on
which mission is being assessed.

Table 4-4 Typical Information Sources Used for BPR Assessment

Program/Project Documents | FAD, Formulation Agreement, and Project Plans

Life-cycle reviews

Monthly, quarterly, midyear, and end-of-year Mission Directorate reviews

Reviews
Other special reviews (see Section 4.1.3)

Monthly Center status reviews

APMC (presentations and decision memorandums)

DPMC (presentations and decision memorandums)

Meetings Recurring staff and/or status meetings including project monthly status

Project Control Board (meetings and weekly status reports)

Biweekly tag-ups with the SMA TAs supporting and overseeing the project.

Reports from Agency assessment studies

PPBE presentations

Quarterly cost and schedule reports on major projects delivered to OCFO

Center summaries presentations at BPR

Weekly Mission Directorate report

Reports Weekly project reports

Weekly reports from the NESC

Monthly EVM data

Project anomaly reports

Center SMA reports

Technical Authority reports

N2 Agency budget database

Databases SAP and Business Warehouse financial databases

OMB and Congressional cost and schedule data
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4.3 Project Formulation

NASA places significant emphasis on project Formulation (including activities leading to
the start of Formulation) to ensure adequate preparation of project concepts and plans and
mitigation of high-risk aspects of the project essential for positioning the project for the
highest probability of mission success.

The following paragraphs explain the project activities chronologically by phase. In
practice, the activities described for each phase are not always carried out exclusively in
that phase; their timing depends on the schedule requirements of the project. For example,
some projects procure long-lead flight hardware in Phase B to enable them to achieve their
launch dates.

431 Concept Studies (Pre-Phase A) Activities

4311 Project Activities Leading to the Start of Formulation
(Pre-Phase A)

The process for initiating projects begins at the senior NASA management level with the
strategic acquisition process. This process enables NASA management to consider the full
spectrum of acquisition approaches for its projects from Commercial Off-the-Shelf (COTS)
buys to total in-house design and build efforts where NASA has a unique capability and
capacity or the need to maintain or develop such capability and capacity. The Agency
decides whether to acquire a needed capability in-house, acquire it from outside the
Agency, or acquire it by a combination of the two. Strategic acquisition is used to promote
best-value approaches (considering the Agency as a whole), encourage innovation and
efficiency, and take advantage of state-of-the-art solutions available within NASA and from
industry, academia, other Federal agencies, and international partners.

The strategic acquisition process is the Agency process for ensuring that NASA’s strategic
vision, programs, projects, and resources are properly developed and aligned throughout the
mission and life cycle. (See NPD 1000.0, NASA Governance and Strategic Management
Handbook and NPD 1000.5, Policy for NASA Acquisition for additional information on the
strategic acquisition process.)

Many processes support acquisition, including the program and project management
system, the budget process, and the procurement system. The NASA Planning,
Programming, Budgeting, and Execution (PPBE) process supports allocating the resources
of programs to projects through the Agency’s annual budgeting process. (See NPR 9420.1,
Budget Formulation and NPR 9470.1, Budget Execution.) The NASA procurement system
supports the acquisition of assets and services from external sources. (See NPD 1000.5,
NASA Policy for Acquisition, the Federal Acquisition Regulation (FAR), and the NASA FAR
Supplement (NFS) for NASA’s specific implementation of the FAR.)
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4.3.1.2 Project Pre-Phase A Life-Cycle Activities

An MDAA has the authority to begin project pre-Formulation activities. Prior to initiating a
new project, a Mission Directorate, typically supported by a program office, provides
resources for concept studies (i.e., Pre-Phase A Concept Studies) along with the mission
objectives and ground rules and assumptions to be used by the study team. While not
formally a part of Formulation, some formulation-type activities naturally occur as part of
earlier advanced studies.

These pre-Formulation activities involve Design Reference Mission (DRM) analysis,
feasibility studies, technology needs analyses, engineering systems assessments+,
human systems assessments, and analyses of alternatives that need to be performed before
a specific project concept emerges. These trade studies are not considered part of formal
project planning since there is no certainty that a specific project proposal will emerge.
Pre-Formulation activities also involve identification of risks that are likely to drive the
project’s cost and schedule estimates, or cost and schedule range estimates (projects with
an LCC or initial capability cost greater than $250 million), at KDP B and cost and schedule
commitments at KDP C and include development of mitigation plans for those risks.

During Pre-Phase A, a pre-project team studies a broad range of mission concepts that
contribute to program and Mission Directorate goals and objectives. These advance studies,
along with interactions with customers and other potential stakeholders, help the team to
identify promising mission concept(s) and to draft project-level requirements. The Mission
Directorate uses the results of this work to determine if the mission concepts warrant
continued development.

A major focus of Pre-Phase A is to conduct technology and engineering system
assessments to identify risks that are likely to drive the project’s cost and schedule
estimates, or cost and schedule range estimates (projects with an LCC or initial capability
cost greater than $250 million), at KDP B:

e The team identifies potential technology needs (based on the best mission concepts)
and assesses the gaps between the needed technology and current or planned
technology, the Technology Readiness Levels (TRLs), and the technology risks. (See
NPR 7123.1, Appendix E for TRL definitions and SP-20205003605, Technology Readiness
Assessment Best Practices Guide for technology readiness assessment best practices.)

e The team also identifies risks in engineering development, payload, supply chain, and
heritage hardware and software. The team defines risk mitigation plans and resource
requirements for the top risks. These activities are focused toward the Mission Concept
Review (MCR) and KDP A. These activities also inform development of the Formulation
Agreement in response to the Formulation Authorization Document (FAD)
generated by the Mission Directorate to authorize formulation of the mission. (See the

45 In this chapter, the name of a product or control plan in bold type indicates a requirement. (Repeated
references in the same paragraph are not in bold.)
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following Section 4.3.1.3 for information about the FAD. See Section 4.3.2.1 for a
detailed description of the Formulation Agreement.)

At the conclusion of pre-Formulation, a FAD is issued authorizing Formulation to begin,
and a Formulation Agreement is developed and approved to document the plans and
resources required for Formulation. (See NPR 7120.5, Appendix E for the FAD template).

The following paragraphs describe the activities a project needs to accomplish to develop
one or more sound concepts, conduct a successful Mission Concept Review (MCR), and get
approval at KDP A to enter project Formulation. The MCR is the first major Life-Cycle
Review (LCR) in a project life cycle. The purpose of the MCR is to evaluate the feasibility of
the proposed mission concept(s) and how well the concept(s) fulfill the project’s needs and
objectives. After the MCR, the project proceeds to KDP A where the project demonstrates
that it has addressed critical NASA needs; the proposed mission concept(s) is feasible; the
associated planning is sufficiently mature to begin Phase A; and the mission can probably
be achieved as conceived.

The general flow of activities for a project in pre-Formulation is shown in Figure 4-7.
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[ Develop pre-project office, management structure, and management processes; perform pre-Formulation management, planning, and control functions

)

[ Support MD and program in identifying key stakeholder expectations, needs, goals, and objectives

[ Support MD and program in developing initial requirements, constraints, ground rules, assumptions, and mission success criteria

[ Support MD and OIIR in developing and planning for partnerships

[ Support MD and program in preparing the FAD

[Develop alternatives for initial mission concepts, architectures, launch vehicles, and concepts of operations; assess alternatives and, based on results,
identify feasible concepts; present selected concept(s) at MCR

[ Define preliminary requirements down to at least the project level

[ Conduct initial orbital debris assessment of mission concepts

Conduct initial assessment of technology development requirements; continue to assess technology needs as concept(s) evolves

Conduct initial assessment of engineering development requirements; continue to assess engineering risk reduction needs as concept(s) evolves

Assess evolving concepts to ensure heritage is applied properly; identify appropriate risk reduction activities

[ Develop technical control plans as req’d for MCR

Develop key ground rules and assumptions that drive development of concept, design, operations concept, and risk reduction activities

Develop a high-level WBS consistent with NASA standard WBS

Develop initial top technical, cost, schedule, and safety risk lists, risk mitigation plans, and resource requirements in preparation for MCR

Develop initial staffing and infrastructure requirements and plans as concept(s) evolve

Develop risk-informed project schedule range at project level as concept(s) evolve

[ Develop preliminary cost estimate range

Develop preliminary acquisition strategy

Develop initial approach for managing logistics

Develop management control plans as required for MCR

Develop Formulation Agreement for Phases A/B

Develop project’s plans for follow-on phases

[ Report plans, progress, and results at CMCs, PMCs, KDP A, and other forums and mediums as required

[ Prepare for MCR and KDP A

| U, W " W

() Program management, planning, and control tasks () Technical work the program is doing

O Work for which Headquarters is responsible but the program helps accomplish (e.g., International partnerships are a Headquarters
responsibility, but the programs help develop and finalize those partnerships)

MD = Mission Directorate
OIIR = Office of International and Interagency Relations

Note: These are typical high-level activities that occur during this program phase. Placement of reviews is notional.

Figure 4-7 Project Pre-Phase A Flow of Activities
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4.31.3 Project Pre-Phase A Management, Planning, and Control Activities
4.3.1.3.1 Supporting Headquarters Planning

Once the Mission Directorate decides to begin pre-Formulation, the project manager and
project team (designated as the pre-project manager and pre-project team until the project
is formalized) support the Mission Directorate in developing the concept for the project.
When requested, the team helps identify the main stakeholders of the project (e.g.,
principal investigator, science community, technology community, public, education
community, Mission Directorate sponsor) and gathers and documents key external
stakeholder expectations, needs, goals, and objectives. The project team supports the
program manager and the MDAA in the development of the preliminary program
requirements, constraints, ground rules and assumptions on the project, and stakeholder
expectations, including preliminary mission objectives and goals and mission success
criteria. The project also supports the program manager and the MDAA in ensuring
alignment of the project requirements with the Program Plan and applicable Agency
strategic goals. These requirements are eventually documented in the Program Plan. The
MDAA uses this information in developing and obtaining approval of the FAD. The project
also develops the process to be used within the project to ensure stakeholder advocacy.

One of the first activities is to select the management team. The MDAA issues the
Formulation Authorization Document (FAD) to authorize the formulation of a project
whose goals fulfill part of the Agency’s Strategic Plan and Mission Directorate strategies.
The FAD describes the purpose of the project, including a clear traceability from the goals
and objectives in the Mission Directorate strategies and/or Program Plan. It describes the
level or scope of work, and the goals and objectives to be accomplished in the Formulation
Phase. It also describes the structure for managing the Formulation process from the
MDAA to the NASA Center program or project managers, as applicable, and includes lines of
authority, coordination, and reporting. It identifies the Decision Authority and the
governing PMC for oversight of the project, and the project category (Category 1, 2, or 3). It
identifies Mission Directorates, mission support offices, and Centers to be involved in the
activity, their scope of work, and any known constraints related to their efforts (e.g., the
project is cofunded by a different Mission Directorate). It identifies any known
participation by organizations external to NASA, their scope of work, and any known
constraints related to their efforts. It identifies the funding to be committed to the project
during each year of Formulation. Finally, it specifies the project LCRs planned during the
Formulation Phase and includes any other requirements (e.g., the Pre-ASM, ASM) and any
known unique considerations such as innovative acquisition approaches, tailoring to
accommodate aspects of innovative acquisition approaches, and when the tailoring
approach will be defined.

4.3.1.3.2 Initial Project Structure and Management Framework

The project team works with the Center to develop and implement an initial management
framework, including the project team, organizational structure, and initial management
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processes consistent with the direction from the MDAA and program identifying the roles
and responsibilities of each organization (e.g., Headquarters, Centers, other Government
agencies, academia, industry, and international partners).

The project team supports the MDAA and the NASA Headquarters Office of International
and Interagency Relations (OIIR) in identifying and planning for any preliminary
partnerships and interagency and international agreements as they are known at the
time.

4.3.1.3.3 Management Control Processes and Products

The project team conducts planning that enables formulation and implementation of the
mission concept(s), architectures, scenarios or DRMs, and requirements. The results of this
planning, much of which is described below, supports the MCR and KDP A by
demonstrating how the project plans to implement the mission concept(s) being proposed.

As the project team develops its planning, management processes are documented in
control plans, which are designed to keep the project activities aligned, on track, and
accounted for as the project moves forward. These control plans are described in this and
subsequent sections of this handbook in conjunction with the phase where they are
required. Control plans can be either incorporated into the central planning document,
which is the Project Plan, or developed as separate stand-alone documents referenced in
the appropriate part of the Project Plan. NPR 7120.5F, Appendices H and I and Section 4.5.4
in this handbook provide considerations for determining if a control plan should be a
stand-alone document. NPR 7120.5F, Appendix I, Table I-5 and Table 4-7 at the end of this
chapter identify, for each control plan, whether it is a requirement or a best practice and
what the maturation expectations for the control plan are, i.e., when the preliminary and
baseline versions are expected and when updates are expected. Centers may have existing
plans that projects can use to satisfy requirements for some of the control plans.

The project supports the MDAA and the program in the development of preliminary
driving mission, technical, and programmatic ground rules and assumptions. The
project also responds to the FAD and assists the program manager as necessary in
preparing the FAD for baselining at the MCR/KDP A.

The project team develops a high-level product-oriented Work Breakdown Structure
(WBS) that is consistent with the NASA standard space flight project WBS. (See Section
5.9.)

As the concepts mature and for each concept being considered, the team iteratively
performs an assessment of potential infrastructure and workforce needs as well as
opportunities to use that infrastructure and workforce in other Government agencies,
industry, academia, and international organizations. This includes identifying and
documenting concurrence for any investments, divestments, acquisition strategies,
procurements, agreements, and changes to capability portfolio capability components in
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accordance with requirements and strategic guidance included in NPR 8600.1, NASA
Capability Portfolio Management Requirements. Based on this assessment, the project team
develops the initial requirements and plans for staffing and infrastructure.

Additionally, the team develops the preliminary strategy for acquisition, including:

e A preliminary assessment of supply chain risks, including potential critical or single-
source suppliers needed to design, develop, produce, and support required capabilities
at planned cost and schedule.

e An approach for managing logistics.

e Plans for in-house work versus procurements, including major proposed procurements,
types of procurements, and “no later than” procurement schedules.

e Preliminary plans for partners (i.e., other Government agencies, domestic and
international), their roles and anticipated contributions, and plans for obtaining
commitments for these contributions.

Consistent with the technical team’s work, the project develops the initial top safety,
technical, cost, and schedule risks, including technology development, engineering
development, payload (robotic space flight), and procurement risks; risks associated with
the use of heritage hardware and software; and risks that are likely to drive the project’s
cost and schedule estimates or cost and schedule range estimates (projects with an LCC or
initial capability cost greater than $250 million) at KDP B. The project identifies the initial
risk mitigation plans and associated resources and the approach for managing risks during
Phase A. This activity forms the foundation for the Risk Management Plan.

Based on the concepts that are to be carried forward, the project team develops a risk-
informed schedule at the project level (as a minimum) with a preliminary date or a
preliminary range for Phase D completion. In addition, the team develops project cost and
schedule estimates or cost and schedule range estimates covering Phase A (excluding
Pre-Phase A) through completion of Phase D. These cost and schedule estimates typically
are informed by technology needs; initial engineering development and heritage
assessments using NASA/SP-2016-6105, Systems Engineering Handbook, Appendix G,
Technology Assessment/Insertion; acquisition strategies; infrastructure and workforce
requirements; and the need to accommodate resolution of identified risks. The project
typically also identifies the initial phased LCC, or initial capability cost and schedule
estimates, or cost and schedule range estimates. (LCC and schedule cover Phase A through
Phase F excluding any extended operations whereas initial capability cost and schedule
cover Phase A through the first operational mission flight or as defined in the KDP B
Review Plan.) These estimates need to be consistent with the preliminary Phase D
completion estimate. The project documents the basis for initial cost and schedule
estimates and develops the initial approach for managing schedule and cost during

Phase A. This is the first effort in developing the Technical, Schedule, and Cost Control
Plan, which eventually becomes part of the Project Plan.
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The project develops an approach for knowledge management and managing the
identification and documentation of lessons learned during Phase A. This includes the
project’s knowledge management strategy; how the project will take advantage of lessons
learned identified by others; and how the project will continuously capture and use lessons
learned during Formulation and Implementation. This approach evolves into a formal
Knowledge Management Plan that is one of the Control Plans in the Project Plan. (The
Knowledge Management Plan is a best practice as opposed to a requirement. See Section
4.5.1 for additional information on expectations associated with best practices.)

43.1.4 Project Pre-Phase A Technical Activities and Products

The project team performs the technical activities required in NPR 7123.1 for this phase,
starting with gathering key internal stakeholder expectations, needs, goals, and objectives.
Based on these and the program-level requirements, constraints, and ground rules and
assumptions, the project begins to develop concepts and architectures that satisfy the key
expectations and project requirements. This process usually considers several alternative
approaches to both the architecture and the Concept Documentation, and the project
develops candidate (preliminary) mission, spacecraft, and ground systems
architectures. The architecture includes how the major project components (hardware,
software, human systems) will be integrated and are intended to operate together and with
heritage systems, as applicable, to achieve project goals and objectives. By implication, the
architecture defines the system-level processes necessary for development, production,
human systems integration, verification, deployment, operations, support, disposal, and
training. The architecture also includes facilities, logistics concepts, and planned mission
results and data analysis, archiving, and reporting. The Concept Documentation includes all
activities such as integration and test, launch integration, launch, deployment, and on-orbit
checkout (robotic projects) or initial operations (human space flight projects), in-space
operations, landing and recovery, if applicable, and decommissioning and disposal.

If the architecture and Concept Documentation require a launch service, the project will
begin to work with the NASA Launch Services Program (LSP) to develop and assess the
mission’s launch options. (Launch options can include any methods specified in NPD
8610.12, Orbital Space Transportation Services; however, most missions use a launch
service procured and managed by the LSP to facilitate the application of the launch services
risk mitigation and technical oversight policies as described in NPD 8610.7, Launch Services
Risk Mitigation Policy for NASA-Owned and/or NASA-Sponsored Payloads/Missions and NPD
8610.23, Launch Vehicle Technical Oversight Policy.) LSP evaluates the project’s spacecraft
needs and pairs the requirements of the project with an appropriate launch service. Early
interaction and involvement help to ensure that the potential viable launch options are
encompassed and accommodated in the spacecraft design and test plans. LSP acquires the
launch service through a competitive process whenever possible, awarding based on best
value to the government. The project is typically part of the proposal evaluation team. The
project funds LSP’s acquisition efforts required to perform preliminary studies, if necessary,
and ultimately to procure the launch service. LSP provides the launch service management
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as well as mission assurance activities, payload launch site processing services, payload
integration activities and launch phase telemetry and command services. LSP works
diligently to ensure mission success, providing technical guidance through the entire
process from the pre-mission planning to the post-launch phase of the project’s spacecraft.

The interaction with LSP will also include coordination with the project’s Mission

Directorate, e.g., the Science Mission Directorate (SMD) and the Space Operations Mission
Directorate (SOMD), which oversees the LSP. Figure 4-8 shows the interaction of the
project and the LSP throughout the project’s life cycle and provides a summary of the end-
to-end support that LSP provides, beginning years before the spacecraft is created and
continuing until well after the spacecraft is launched.
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Figure 4-8 Summary of the Mission Life Cycle for Project/LSP Interaction

In addition, the project develops a preliminary assessment of orbital debris in
accordance with NPR 8715.6, NASA Procedural Requirements for Limiting Orbital Debris and
Evaluating the Meteoroid and Orbital Debris Environments and identifies the planned orbital
lifetime, any potential nonconformance to orbital debris requirements for planned
intentional breakups, reentry of major components that potentially could reach the surface,
and the use of tethers. Any deviations are submitted to the Chief, SMA for approval prior to
the Acquisition Strategy Meeting (ASM).

In accordance with NPR 8735.2, Hardware Quality Assurance Program Requirements for
Programs and Projects, the project also develops the preliminary Industrial Base and
Supply Chain Risk Management (SCRM) Strategy and Status; the preliminary
Criticality Identification Method for Hardware; and the preliminary Hardware Quality
Data Management Analytics. (The Hardware Quality Data Management Analytics is a best
practice as opposed to a requirement. See Section 4.5.1 for additional information on
expectations associated with best practices.)

In analyzing the Concept Documentation, the project develops the preliminary approach
to V&V, system integration, and human rating, if applicable. Identifying these at this point
enables the project to assess unique workforce and infrastructure needs early enough to
include the requirements for these in the initial concept(s).
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As the Pre-Phase A work approaches the MCR, the project develops and documents at least
one feasible preliminary concept (included as part of Concept Documentation in NPR
7120.5, Table I-4, and Table 4-6 at the end of this chapter), including the key preliminary
ground rules and assumptions that drive the concept(s). A feasible concept is one that is
probably achievable technically within the cost and schedule resources allocated by the
program in the project’s FAD. This preliminary concept includes key drivers, preliminary
estimates of technical margins for candidate architectures, and a preliminary Master
Equipment List (MEL). This concept is sometimes referred to as the concept of operations
(ConOps) or mission concept. As a minimum, the principal concept will be approved
following the MCR and KDP A. Future changes to this concept (and others, if approved for
further study) will be identified at each follow-on LCR and KDP so that management
understands how the concept is evolving as the formulation process progresses.

The term “concept documentation” used in NPR 7120.5 is the documentation that captures
and communicates a feasible concept at MCR that meets the goals and objectives of the
mission, including results of analyses of alternative concepts, the concept of operations
(baselined at MCR per NPR 7123.1), preliminary risks, and potential descopes. (Descope is a
particular kind of risk mitigation that addresses risks early in the project Formulation Phase.)

Based on the leading concept, the project develops the initial recommendations for mission
objectives and requirements and preliminary project-level requirements and typically
develops a mission or science traceability matrix that shows how the requirements flow
from the objectives of the mission through the operational requirements (such as science
measurement requirements) to the top-level infrastructure implementation requirements
(such as orbit characteristics and pointing stability).

Each requirement is stated in objective, quantifiable, and verifiable terms. Requirements
can identify the project’s principal schedule milestones, including Preliminary Design
Review (PDR), Critical Design Review (CDR), launch, mission operations critical milestones,
and the planned decommissioning date. They can state the development and/or total Life-
Cycle Cost (LCC) or initial capability cost constraints on the project and set forth any
budget constraints by fiscal year. They can state the specific conditions under which a
Termination Review would be triggered. They can also describe any additional
requirements on the project such as international partners. If the mission characteristics
indicate a greater emphasis is necessary on maintaining technical, cost, or schedule, then
the requirements can identify which is most important, e.g., state if the mission is cost-
capped, or if schedule is paramount as for a planetary mission, or if it is critical to
accomplish the technical objectives as for a technology demonstration mission.

For each known project, the program team documents in the Program Plan a top-level
description of the project, including the mission’s science or exploration objectives; the
project’s category, governing PM(, and risk classification; the project’s mission,
performance, and safety requirements; and if there are plans for continuing operations and
production, including integration of capability upgrades, with an unspecified Phase E end
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point. For science missions, it includes both baseline and threshold science requirements
(see Appendix A for definitions) and identifies the mission success criteria for each project
based on the threshold science requirements.

Projects that plan continuing operations and production, including integration of capability
upgrades, with an unspecified Phase E end point, define an initial capability during Phase A
and develop an initial capability cost which establishes the Agency Baseline Commitment
(ABC) at KDP C. Initial capability is the first operational mission flight (or as defined in the
KDP B Review Plan) and is documented in the KDP B Decision Memorandum. Initial capability
cost includes operations cost for the initial capability. The Phase E cost estimate for
continuing operations and production is established separately as part of the ORR and KDP E
for the 5 years after initial capability and subsequently updated and documented annually for
the next 5-year period. Upgrades during Phase E that meet the Agency criteria for a major
project for external reporting (i.e., cost estimate of $250M or more) are treated as projects for
the purposes of establishing their own development ABC outside the project Phase E cost
estimate. The project Phase E cost estimate is updated to include production and operations
costs associated with these upgrades. Development, production, and operations costs of other
(i.e., non-major) upgrades are included in the project Phase E cost estimate. (See Section 5.5.4
for additional information on developing the Phase E cost estimate.)

At this point, with guidance from its stakeholders, the project begins to select technical
standards for use as project requirements in accordance with NPR 7120.10, Technical
Standards for NASA Programs and Projects. Based on currency and applicability, technical
standards required by law and those mandated by NPDs and NPRs are selected first. When
all other factors are the same, NASA promotes the use of voluntary consensus standards
over NASA and other Government agency technical standards when they meet or can be
tailored to meet NASA’s needs.

During Pre-Phase A, the project develops multiple assessments and products, described
below, that may be documented in the project’s Formulation Agreement, as opposed to
developing separate plans. (See Section 4.3.2.1 for a detailed description of the Formulation
Agreement.)

For each of the candidate concepts that will be carried forward into Phase A, the project
develops an initial assessment of potential technology needs and their current
Technology Readiness Level (TRL) as well as potential opportunities to use commercial,
academic, and other Government agency sources of technology. The project team develops
and baselines the Technology Development Plan4é so that the needed technology
development can be initiated once formal Formulation starts after KDP A. (This plan is a
best practice as opposed to a requirement. See Section 4.5.1 for additional information on
expectations associated with best practices.) This plan describes:

46 At this point in its development, the Technology Development Plan may be part of the Formulation
Agreement.
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The technology assessment, development, management, and acquisition strategies
(including intellectual property considerations) needed to achieve the project’s mission
objectives.

How the project will assess its technology development requirements, including how
the project will evaluate the feasibility, availability, readiness, cost, risk, and benefit of
the new technologies, and ensure timely reporting of new technologies to the Center
Technology Transfer Office and supporting technology transfer activities as described
in NPR 7500.2, NASA Technology Transfer Requirements.

How the project will identify opportunities for leveraging on-going technology efforts.

How the project will transition technologies from the development stage to the
manufacturing and production phases.

The supply chain needed to manufacture the technology and any costs and risks
associated with the transition to the manufacturing and production phases; including
appropriate mitigation plans for the identified risks.

The project’s strategy for ensuring that there are alternative development paths
available in case technologies do not mature as expected. (Refer to NPR 7123.1 for TRL
definitions and SP-20205003605, Technology Readiness Assessment Best Practices Guide.
The Technology Readiness Assessment Best Practices Guide can be found in NODIS on
the OCE tab under the “Other NASA-Level Documents” menu.)

How the project will remove technology gaps, including maturation, validation, and
insertion plans, performance measurement at quantifiable milestones, off-ramp
decision gates, and resources required.

How the project will ensure that all planned technology exchanges, contracts, and
partnership agreements comply with all laws and regulations regarding export control
and the transfer of sensitive and proprietary information.

How the project will transition technologies from the development stage to
manufacturing, production, and insertion into the end system, including any potential
costs and risks associated with the transition to manufacturing, production, and
insertion and appropriate mitigation plans for the identified risks.

In addition, the project develops an initial assessment of engineering development
needs, including defining the need for engineering prototypes and models for the higher-
risk components and assemblies that have not been previously built or flown in the
planned environment and testing them to demonstrate adequate performance. As with
technology development, identification at this point will enable the project to plan and
initiate engineering development activities early in Formulation knowing that the funding
has been planned for these activities.

A project that plans to use heritage systems outside of environments and configurations for
which they were originally designed and used develops an initial assessment of heritage
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hardware and software systems based on Appendix G, Technology Assessment/Insertion
of NASA/SP-2016-6105, Systems Engineering Handbook.

All these activities help the project develop an initial assessment of preliminary
technical risks for candidate architectures, including engineering development risks.

The project team develops a preliminary Systems Engineering Management Plan (SEMP)
prior to MCR. The SEMP summarizes the key systems engineering elements and enables the
project to initiate system engineering activities once Formulation has been started
following KDP A. It includes descriptions of the project’s overall approach for systems
engineering to include system design and product realization processes (implementation
and/or integration, V&V, and transition) as well as the technical management processes.

If applicable in accordance with NPR 7120.5 and NPR 7123.1, the project develops a
preliminary Human Systems Integration (HSI) Plan. This plan describes how human
systems integration and human-centered design will be integrated into the project design
process and life cycle, including what types of human systems integration resources, tools,
analysis, testing, and products will be employed or developed to ensure successful human
systems integration, thereby reducing mission risk and total life-cycle cost while increasing
overall safety. The plan also describes roles and responsibilities related to implementation
of HSI. (See NASA/SP-20210010952, NASA Human Systems Integration Handbook*” for
additional information.)

The project also develops the preliminary Review Plan and identifies preliminary plans, if
any, for combining LCRs in future life-cycle phases. (See Section 4.3.4.3 for a description of
the Review Plan.)

4.3.2 Completing Pre-Phase A (Concept Studies) Activities and Preparing for
Phase A (Concept and Technology Development)

43.21 Finalizing Plans for Phase A

As the project FAD is being developed at Headquarters, the project concurrently begins to
develop its project Formulation Agreement.

47 https://ntrs.nasa.gov/citations /20210010952

NASA Space Flight Program and Project Management Handbook 158



Formulation Agreement

The Formulation Agreement serves as a tool for communicating and negotiating the project’'s schedule
and funding requirements during Phase A and Phase B with the Mission Directorate. It identifies and
prioritizes the technical and acquisition activities that will have the most value during Formulation and
informs follow-on plans.

The Formulation Agreement focuses on the work necessary to accurately characterize the complexity and
scope of the project; increase understanding of requirements; identify and mitigate safety, technical, cost,
and schedule risks; and develop high quality cost and schedule estimates. For projects with a LCC or
initial capability cost greater than $250 million, this work enables the project to develop high-fidelity cost
and schedule range estimates and associated confidence levels (if LCC or initial capability cost is under
$1 billion) or associated JCL (if LCC or initial capability cost is greater than or equal to $1 billion) at

KDP B and high-fidelity cost and schedule commitments and associated JCL at KDP C, and to commit to
a successful plan for Implementation at KDP C. These activities include establishing the internal
management control functions that will be used throughout the life of the project.

The Agreement is approved and signed at KDP A (baselined for Phase A and preliminary for Phase B).
The Agreement is updated in preparation for the System Definition Review (SDR)/Mission Definition
Review (MDR) and resubmitted for signature at KDP B (baselined for Phase B). The Formulation
Agreement for KDP A includes detailed Phase A information, preliminary Phase B information, and the
Formulation Cost, which is based on the estimated costs for Phase A and Phase B. The Formulation
Agreement for KDP B identifies the progress made during Phase A, updates and details Phase B
information, and updates the Formulation Cost, which is based on the actual cost for Phase A and an
updated cost for Phase B. The Formulation Cost at KDP B is the total authorized cost for Formulation
activities required to get to KDP C.

In practice, the FAD and the Formulation Agreement are developed concurrently so that both documents
can be approved at KDP A. Documentation products developed as part of or as a result of the
Formulation Agreement may be incorporated into the Project Plan, if appropriate, as the Project Plan is
developed during Formulation.

In preparation for completing the Pre-Phase A activities, the project documents the results
of its efforts in this period. The project team generates the documentation specified in NPR
7123.1 and the product Tables I-4 and I-5 in NPR 7120.5F and Tables 4-6 and 4-7 at the
end of this chapter. Most of these documents have been described above. Inclusion of
information in the Formulation Agreement, the basis of cost and schedule estimates, draft
and preliminary versions of project documents and plans, and/or the Mission Concept
Review (MCR) briefing package may satisfy some of the documentation requirements.

4.3.2.2 Project Pre-Phase A Reporting Activities and Preparing for Major
Milestones

4.3.2.2.1 Project Reporting

The project reports to the Center, as requested by the Center, to enable the Center Director
to evaluate whether engineering, SMA, health and medical, and management best practices
(e.g., project management, resource management, procurement, and institutional best
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practices) are being followed, and whether Center resources support project requirements.
The project provides project risks and the status and progress of activities so the Center
can identify and report trends and provide guidance to the Agency and affected programs
and projects. The CMC (or equivalent) provides its findings and recommendations to
project managers and to the appropriate PMCs regarding the performance and technical
and management viability of the project prior to KDPs.

Aside from the Center and Agency reporting already mentioned, many stakeholders are
interested in the status of the project from Congress on down. The project manager
supports the program executive in reporting the status of project Formulation at many
other forums, including Mission Directorate monthly status meetings and the Agency’s
monthly BPR. (See Section 4.2.5 for more information on BPRs and Section 5.12 for more
information on external reporting.)

4.3.2.2.2 Project Internal Reviews

Prior to Life-Cycle Reviews (LCRs), projects conduct internal reviews in accordance with
NPR 7123.1, Center practices, and NPR 7120.5. These internal reviews are the decisional
meetings wherein the projects solidify their plans, technical approaches, and programmatic
commitments. This is accomplished as part of the normal systems engineering work
processes as defined in NPR 7123.1 wherein major technical and programmatic
requirements are assessed along with the system design and other implementation plans.
For both robotic and human space flight projects, these internal reviews are typically
lower-level system and subsystem reviews that lead to and precede the LCR. Major
technical and programmatic performance metrics are reported and assessed against
predictions.

Non-SRB project technical reviews are divided into several categories: major systems
reviews (one or two levels down from the project), Engineering Peer Reviews (EPRs),
internal reviews, and tabletop reviews.

Project systems reviews are major technical milestones of the project that typically precede
the LCR, covering major systems milestones. The technical progress of the project is
assessed at key milestones such as these systems reviews to ensure that the project’s
maturity is progressing as required. In many cases, these reviews are conducted by the
project in coordination with a Center-sponsored independent review panel if the Center is
using these reviews as one means to oversee the project’s work. In these cases, the project
manager works with the Center to ensure that there is a suitable independent review panel
in place for each such review and works with systems engineering to ensure that clear
technical criteria and an agreed agenda have been established well in advance of each such
review.

Systems engineering collects and reviews the documentation that demonstrates the
technical progress planned for the major systems review and submits the materials as a
data package to the review team prior to the review. This allows the selected technical
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representatives to identify problems and issues that can be discussed at the review.
Systems engineering is responsible for the agenda, organization, and conduct of the
systems review as well as for obtaining closure on any action items and corrective actions.
Systems engineering acts as recorder, noting all comments and questions that are not
adequately addressed during the presentations. At the conclusion of a major systems
review, the independent review panel, if in place, makes a determination on whether the
predetermined criteria for a successful review have been met and makes a
recommendation on whether the system is ready to proceed into the next phase of its
development.

An Engineering Peer Review (EPR) is a focused, in-depth technical review of a subsystem,
lower-level assembly, or component. An EPR can address an entire system or subsystem,
but more typically addresses a lower level. The EPR adds value and reduces risk through
expert knowledge infusion, confirmation of approach, and specific recommendations. The
key difference between an EPR and a major subsystem review is that the review panel is
selected by personnel supporting the project and not by the Center. The mission systems
engineer works with the respective product manager (project manager, project
formulation manager, instrument manager, or principal investigator) to ensure that the
EPR review panel comprises technical experts with significant practical experience
relevant to the technology and requirements of the subsystem, lower-level assembly, or
component to be reviewed. They also work together to produce an EPR plan, which lists the
subsystems, lower-level assemblies, and components to be reviewed and the associated
life-cycle milestones for the reviews. A summary of results of the EPRs is presented at each
major subsystem review and/or at each LCR.

Additional informal project technical reviews, sometimes called “table top reviews,” are
conducted by project team members as necessary and are one of the primary mechanisms
for internal technical project control. These reviews follow the general protocols described
above for subsystem reviews and EPRs.

4.3.2.3 Preparing for Approval to Enter Formulation (Phase A)

Projects support the Mission Concept Review (MCR) LCR in accordance with NPR 7123.1,
Center practices, and NPR 7120.5, including ensuring that the LCR objectives and expected
maturity states defined in NPR 7120.5 have been satisfactorily met. LCR entrance and
success criteria in Appendix G of NPR 7123.1 and the expected maturity states in Appendix
E of this handbook provide specifics for addressing the six assessment criteria required to
demonstrate that the project has met its expected maturity state. MCRs are generally
conducted by the Center, but the Decision Authority may request an SRB to perform this
review. If this is the case, Section 5.10 of this handbook and NASA/SP-2016-3706, NASA
Standing Review Board Handbook provide guidance.

Projects plan, prepare for, and support the governing PMC review prior to KDP A and
provide or obtain the KDP readiness products listed in Section 4.2.3.
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Once the KDP has been completed and the Decision Memorandum signed, the project
updates its documents and plans as required to reflect the decisions made and actions
assigned at the KDP.

4.3.3 Initiation of Competed Mission Projects

For competed or “Announcement of Opportunity (AO)-driven” missions, some Mission
Directorates, primarily the Science Mission Directorate (SMD), choose to use either a one-
or two-step process to initiate projects within a space flight program:

e Inaone-step AO process, projects are competed and selected for Formulation in a
single step.

e In two-step competitions, several projects may be selected in Step 1 and given time to
mature their concepts in a funded concept study before the Step 2 down-selection.
Program resources are invested (following Step 1 selections) to bring these projects to
a state in which their science content, cost, schedule, technical performance, project
implementation strategies, SMA strategies, heritage, technology requirements and plans,
partnerships, and management approach can be better judged.

From the point of view of the selected AO-driven project, the proposing teams are clearly
doing preparatory work and formal project Formulation (e.g., typical Pre-Phase A and
Phase A tasks, such as putting together a detailed WBS, schedules, cost estimates, and
implementation plan) during the concept study and the preparation of the Step 2 concept
study report. From the point of view of the program, no specific project has been chosen,
the total cost is not yet known, and project requirements are not yet finalized, yet
Formulation has begun. Therefore, for competed missions, the selection of a proposal for
concept development is the equivalent of KDP A. In a one-step AO process, projects enter
Phase A after selection (KDP A) and the process becomes the conventional process for
directed missions. In a two-step AO process, projects perform concept development in the
equivalent of Phase A and go through evaluation for down-selection at the equivalent of
KDP B. Following this selection, the process becomes conventional—with the exception
that KDP B products requiring Mission Directorate input are finished as early in Phase B as
feasible.

4.3.4 Project Phase A, Concept and Technology Development Activities
43.4.1 Project Phase A Life-Cycle Activities

Project Formulation comprises two sequential phases, Phase A (Concept and Technology
Development) and Phase B (Preliminary Design and Technology Completion). Formulation
is an iterative set of activities rather than discrete linear steps. The purpose of Phase A is to
develop a proposed mission/system architecture that is credible and responsive to
program requirements and constraints on the project, including resources. The Phase A
work products need to demonstrate that the maturity of the project’s mission/system
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definition and associated plans are sufficient to begin Phase B, and the mission can
probably be achieved within available resources with acceptable risk.

During Phase A, a project team is formed or expanded (if already formed in Pre-Phase A) to
update and fully develop the mission concept and begin or assume responsibility for the
technology development; engineering prototyping; heritage hardware and software
assessments using NASA/SP-2016-6105, Systems Engineering Handbook, Appendix G,
Technology Assessment/Insertion; and other risk-mitigation activities identified in the
project’s Formulation Agreement. The project establishes performance metrics, explores
the full range of implementation options, defines an affordable project concept to meet
requirements specified in the Program Plan, and develops needed technologies. The
primary activities in these phases include:

e Developing and defining the project requirements down to at least the system level.

e Flowing down requirements to the system and preliminary requirements to the
subsystem level.

e Assessing the technology requirements, developing the plans to achieve them, and
initiating development of the technology.

e Developing the project’s knowledge management strategy and processes.

¢ Examining the Lessons Learned database for lessons that might apply to the current
project’s planning.

e Developing the system architecture.

e Conducting acquisition planning, including an analysis of the industrial base capability
to design, develop, produce, support, and if appropriate, restart an acquisition project.

e Assessing heritage (i.e., the applicability of designs, hardware, and software in past
projects to the present one) using NASA/SP-2016-6105, Systems Engineering Handbook,
Appendix G, Technology Assessment/Insertion.

e Conducting safety, performance, cost, and risk trades.

e Identifying and mitigating development and programmatic risks, including supply chain
risks.

e Conducting engineering development activities, including initiating development of
engineering prototypes and models for the higher-risk components and assemblies that
have not been previously built or flown in the planned environment and initiating
testing of them to demonstrate adequate performance.

e Completing mission and preliminary system-level designs.
e Evaluating and refining subsystem interfaces.

e Developing time-phased cost and schedule estimates and documenting the basis of
these estimates.
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Finally, the project team develops the preliminary Project Plan and the preliminary
project technical baselines, and cost and schedule estimates. Projects with an LCC or initial
capability cost greater than $250 million and under $1 billion develop cost range estimates
with confidence levels and schedule range estimates with confidence levels. Projects with
an LCC or initial capability cost greater than or equal to $1 billion develop a JCL and
provide a high and low value for cost and schedule with the corresponding JCL value (e.g.,
50 percent, 70 percent).#8 The JCL is informed by a probabilistic analysis of development
cost and schedule duration.? Formulation activities continue, normally concurrently, until
Formulation output products such as the Project Plan have matured and are acceptable to
the program manager, Center Director, MDAA, and NASA Associate Administrator (AA) if
the AA is the Decision Authority. When applicable, these activities allow the Agency to
present external stakeholders with time-phased, high-fidelity cost plans and schedule
range estimates at KDP B and high-confidence cost and schedule commitments at KDP C.

Phase A completes when the Decision Authority approves transition from Phase A to Phase
B at KDP B. Major project and LCRs leading to approval at KDP B are the Acquisition
Strategy Meeting (ASM), the System Requirements Review (SRR), and the System
Definition Review (SDR)/Mission Definition Review (MDR),>? and the governing PMC
review.

The MDAA or NASA AA determine when and whether a Pre-ASM is required and when and
whether an ASM is required>!. The purpose of the Aquisition Strategy Meeting (ASM) is
for senior Agency management to review and agree on the acquisition strategy before
authorizing resource expenditures for major acquisitions. The ASM review is based on
information provided by the associated Mission Directorate or mission support office and
results in approval of plans for Formulation and Implementation. Decisions are
documented in the ASM Decision Memorandum or ASM meeting summary. The results
of the ASM are used to finalize the Acquisition Strategy.

48 This requirement is not applicable to two-step Announcement of Opportunity missions due to acquisition
down-selection serving as KDP B.

49 The methodology for JCL analysis at KDP B is not limited to a probabilistic analysis of the coupled cost and
schedule specified for KDP C. Other parametric and bivariate methodologies may be applied.

50 The SDR and MDR are the same review: robotic programs tend to use the terminology MDR and human
programs tend to use SDR.

51 Information on Pre-ASMs and ASMs, the associated Convening Authorities, and criteria for determining the
Convening Authority is provided in NPD 1000.5, Policy fo