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Preface

P.1 Purpose

This document establishes the management system for implementing NASA Policy Directive (NPD) 7120.4,
Program/Project Management. This management system governs the formulation, approval, implementation, and
evaluation of all Agency programs and projects.

P.2 Applicability

a.

b.

This NPR applies to NASA Headquarters and NASA Centers, including Component Facilities, the Jet
Propulsion Laboratory, and service providers to the extent specified in their contracts with NASA.

This NPR shall apply to all NASA programs; and to projects identified by programs, including basic and applied
research, advanced technology development, flight systems and ground support, and institutional investments. It
is recognized that these projects contain lower level project activities managed by designated responsible
organizations. The cognizant Mission Directorates, Mission Support Offices, programs, projects, or Centers
shall flow down the requirements of this document as appropriate.

. The requirements of this document are applicable to all Programs and Projects currently in formulation as of the

effective date. Programs and Projects in Implementation Phase at the time of approval of NPR 7120.5C can
request permission from the appropriate Governing Program Management Committee (PMC) to be allowed to
continue operating under NPR 7120.5B. However, for programs or projects in Implementation Phase, all or
portions of this document can be levied on the program or project at the discretion of the Mission Directorate,
Mission Support Office, or Center.

P.3 Authority

a.

42 U.S.C. 2473(c)(1), Section 203(c) (1) of the National Aeronautics and Space Act of 1958, as amended.

P.4 References

a.

NPD 1000.1, NASA Strategic Plan

b. NPR 1000.2, NASA Strategic Management Handbook

C.

NPD 1000.3, NASA Organization

d. NPD 7120.4, Program/Project Management

P.5 Cancellation

NPR 7120.5B, NASA Program and Project Management Processes and Requirements, dated November 21, 2002.

/s/ Rex Geveden
NASA Chief Engineer
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Chapter 1. Overview of the NASA Environment

1.1 Introduction

1.1.1 This document defines the management requirements for formulating, approving, implementing, and evaluating
NASA programs and projects! . Because NASA is a diverse organization whose mission was established for multiple
scientific and engineering purposes under the National Aeronautics and Space Act of 1958 (the "Space Act"), this
document is intended to reflect the flexibility needed to serve the many types of NASA programs and projects. At the
same time, it is intended to build a cohesive management approach, while retaining the creative freedom to innovate
techniques that improve safety and quality, and reduce the cost of expanded knowledge and of delivered products and
services.

1 For basic and applied research, the project-equivalent level of management is portfolio management.

1.1.2 NASA is an agency in the process of transforming itself. This transformation is largely being driven by the new,
unifying Vision for Space Exploration, but it is also a response to the recognition of the need to manage more
efficiently, and with greater management responsibility and accountability2. Not forgotten too, are the Columbia
Accident Investigation Board (CAIB) recommendations for improving responsibility and accountability in the area of
safety. The establishment of an Independent Technical Authority (ITA) represents a direct response to the CAIB
recommendations3, and a critical shift in NASA's program and project management strategy relating to safe and
reliable operations. This document implements NASA's revised management strategy by defining responsibilities,
accountabilities, and efficiency-enhancing measures in the form of program and project management requirements.

2 Specific recommendations in this area are described in the Report of the Roles, Responsibilities, and Structures
("Clarity") Team.
3 Specifically, Columbia Accident Investigation Board (CAIB) recommendation R7.5-1.

1.1.3 This chapter provides an introduction to NASA's strategic framework for managing programs and projects,
NASA's investment areas, manager roles and responsibilities, and management strategies. Subsequent chapters deal
with program management requirements, project management requirements common to all projects, and investment
area-specific management requirements.

1.1.4 In this document, a requirement is identified by "shall,” a good practice by "should,” permission by "may,"” or
"can," expectation by "will," and descriptive material by "is."”

1.2 NASA's Strategic Framework

1.2.1 NASA's Strategic Management System, described in detail in the NASA Strategic Management Handbook (NPR
1000.2), consists of integrated activities that enable the Agency to establish and execute strategy, make decisions,
allocate resources, formulate and implement programs and projects, and measure its performance. There are four parts
in the strategic management process: Strategic and Performance Planning, Budget Formulation and Implementation,
Implementing Strategies and Execution, and Performance Evaluation and Reporting. These activities involve all levels
of the Agency, from the individual employee's performance and evaluation plans to Agency-level strategic planning
and evaluation activities.

1.2.2 National priorities broadly dictate NASA's strategic direction. At the Agency level, strategic planning is
documented in the NASA Strategic Plan (NPD 1000.1) and the associated Mission Directorate Strategies and Mission
Support Office Functional Leadership Plans. The Strategic Plan specifies Agency-level goals derived from these
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priorities, objectives supporting each goal, and the themes responsible for achieving each of the objectives. The
Mission Directorates and Mission Support Offices provide the details of how each organization will help achieve
Agency mission and goals. Other top-level plans address Agency supporting capabilities that require a strategic
approach-- for example; the Integrated Space Plan describes NASA's long-term strategy for space, while other
Agency-level plans address human capital, information technology, and facilities. NASA also produces an Annual
Performance Plan containing performance measures as part of the Integrated Budget and Performance Document
(IBPD).

1.2.3 The NASA Strategic Plan is designed to find a balance between the constantly evolving state of space and
aeronautical science, exploration, and current space operations on the one hand, with the stability needed to
successfully accomplish the Agency's broad portfolio of programs and projects on the other. The Strategic Plan links
broad national priorities with specific themes, programs, and projects. This simple flow down is more complicated in
practice. Programs and projects can, for example, support multiple themes. The general flow of NASA's strategy is,
however, reflected in the left side of Figure 1-1.

Strategic Framework | Budget Framework

Vision

Goals/Objectives

. Placeholder (e.g., Pnrtl‘olio}“]

. Placenolder (e.g., Program Element) ]

L WBS Tasks

Figure 1-1: The Flow from Strategy to Implementation

1.2.4 The Agency's budget framework is derived from the strategic framework. NASA's budget planning process is a
vehicle for integrating programs and projects among the themes and Mission Directorates. It also allows financial
control of Agency investments and visibility into program and project execution. The budget framework, shown in the
right side of Figure 1-1, is built into NASA's integrated financial management system and leads inextricably down to
project work breakdown structures (WBS). Some placeholders are provided in the budget framework to allow
managers the flexibility in creating operational financial structures that best match the nature of the work being
performed. New knowledge and technological capabilities influence national priorities. Over a shorter timeframe, new
scientific knowledge and engineering capability may require adjustments in projects, and over the longer term, in
programs, themes, strategic goals, and national priorities for NASA investments.

1.2.5 The Strategic Plan's themes are addressed by a portfolio of programs and projects. As with any portfolio, the
portfolio holder tasked with selecting how best to invest must choose an allocation of cost (resources) so as to balance
expected performance and risk. The NASA budget is closely linked to the Strategic Plan, and both are constructed in a
manner that allows the policymaker to understand the costs, performance, and risks associated with the various
thematic portfolios. This integrated picture of Agency investments is documented in the annual Integrated Budget and
Performance Document.

1.2.6 Although a broad corporate strategy and the creation of theme-based collections of programs and projects are
important Agency planning practices, they do not replace the critical importance of superior program and project
management. Further, program and project management philosophy at NASA must reflect NASA values.
Accordingly, NASA does the following:

a. Emphasizes the safety of the public, its flight crews, workforce, and critical assets.
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b. Emphasizes the protection of the environment of Earth, other planets, and space.

¢. Relies upon individual and organizational commitment to responsibility and accountability for doing the job
right the first time.

d. Invests in and empowers an extraordinarily talented workforce to successfully execute programs and projects.

e. Encourages innovation in program and project management to foster greater efficiency consistent with safety
and sound engineering and management practices.

f. Continually learns and implements valuable lessons from previous programs and projects.

g. Strives to achieve maximum reasonable safety and reliability in the design and operation of NASA systems and
missions.

h. Fosters an environment that is supportive and conducive for individuals to raise and address issues of technical
conscience.

1. Integrates the principles and practices of a model diversity and equal opportunity workplace, including fairness,
equity, integrity, excellence, and a respect for diversity of ideas and perspectives.

1.3 Defining Programs and Projects

1.3.1 Programs and projects are different, and require different skills and professional resources. The following
definitions are used to distinguish the two:

a. Program - a strategic investment by a Mission Directorate or Mission Support Office that has defined goals,
objectives, architecture, funding level, and a management structure that supports one or more projects. A program
program has the following five attributes that help distinguish it from a project:

1. Output - a program initiates projects that deliver discrete products and services to its stakeholders. A program
integrates and manages these projects over time, and provides ongoing enabling systems, activities, methods,
cross-cutting technologies, and feedback to projects and stakeholders.

2. Size - a program usually contains several projects. 4 Basic and applied research programs usually contain
several portfolios of investigations.

3. Synergy - generally, projects within a program enjoy some form of synergy that relates to the program's
scientific or technical goals. Synergy can also flow from similar implementing strategies. 5

4. Longevity - programs are generally created with a long, indefinite time horizon in mind. NASA must
occasionally rebaseline programs or combine related programs to increase effectiveness, but usually the original
reason for creating the program survives. Contrarily, projects have a definitive beginning and end.

5. Composition - a program is often composed of multiple project types, referred to in this document as
investments areas or product lines (see the next section). A program could be designed with elements of basic
and applied research portfolios, flight systems and ground support projects, and institutional elements. 6

a. Project - a specific investment identified in a Program Plan having defined goals, objectives, requirements,
lifecycle cost, a beginning, and an end. A project yields new or revised products or services that directly address
NASA's strategic needs.” They may be performed wholly in-house, by government, industry, academia
partnerships, or through contracts with private industry.

4 The single-project program construct is used in special situations usually associated with long development and/or
operations periods, with a very significant investment level, and where extensive interaction and integration with many
contributors is required. In such cases, the manager may perform a dual role, and is responsible for completing both
program and project activities.

5 The Discovery Program, for example, aims to build a discrete series of modest spacecraft with fast development
times, each managed under a cost cap.

6 The Explorer Program is a good example of an especially long-lived investment with many components. Explorer
Program funds have supported basic research in astronomy and space physics, the development of evolutionary
technologies in support of the Explorer series of spacecraft, as well as the Explorer spacecraft development projects.
7 Project-equivalent basic and applied research portfolios are level-of-effort investments in investigations. While
portfolios continue, funding for specific investigations within the portfolio may be limited to a specific number of
years.

1.3.2 The Office of the Chief Engineer (OCE) and Office of the Chief Financial Officer (OCFO) maintain the official
database of NASA programs and projects (including basic and applied research portfolios) known as the Master
Management Mapping (M3). This list includes the designated project category as defined in Section 1.5. The database
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forms the structure for program and project status reporting across all Mission Directorates, Mission Support Offices,
and the NASA Office of Education. (See paragraph 1.7.7.)

1.4 NASA's Investment Areas

1.4.1 Although NASA's Mission Directorates and Mission Support Offices operate under a single Strategic Plan,
management practices must be designed to match the various types of NASA investments. This document
distinguishes four investment areas or product lines:

a. Basic and Applied Research - NASA's basic and applied research is funded using competitively awarded grants
to universities, in-house NASA researchers, and other research institutions. When NASA funds basic and
applied research intended to directly support a project, it uses cooperative agreements and contracts, or
appropriate funding mechanisms for in-house NASA researchers. NASA scientists also perform research for
others under the Space Act and other similar agreements. This product line is also the source of fundamental
breakthroughs in our knowledge and understanding of science, and many new technologies that are used in space
systems, aeronautics, and terrestrial applications, and in meeting NASA's own operational and infrastructure
requirements. Basic and applied research is generally funded on a level-of-effort basis with periodic progress
reviews. Results are typically peer-reviewed and reported in journals and technical reports.

b. Advanced Technology Development - Across NASA, a substantial amount of work is done to translate new ideas
generated in the laboratory into new systems that can be used to improve the performance of aircraft and
spacecraft. Managers in this area typically employ spiral development or rapid prototyping practices to mature
new technology in a stepwise fashion. Some of the work associated with this product line may be performed
in-house with contractor support; some portion may be accomplished through grants and contracts.

c. Flight Systems and Ground Support - This product line results in a variety of advanced aircraft, atmospheric
vehicles, spacecraft, suborbital vehicles, launch vehicles, space networks, ground networks, deep space
networks and ground systems in direct support of a theme or program. NASA Program and Project Managers
lead the development of these flight and ground products8, and sometimes this means working with
unprecedented designs, unknown environments, and new technologies. 9 These flight and ground products are
often developed via contracts with industry. Following a successful flight system and ground support
investment, a spacecraft may enter a protracted period of operations and sustainment. Some of NASA's largest
investments are made in this area.10 During operations and sustainment, managers are sometimes required to
oversee the work of a large number of government and contractor professionals. Flight systems and ground
support projects are extremely important from a strategic point-of-view because they typically lay the
foundation for future investments and desired capabilities. With the substantial opportunity for human impact,
this product line most often requires an Independent Technical Authority for technical requirements to ensure
safe and reliable operations.

d. Institutional Infrastructure- To support its diverse activities, NASA invests in a complex set of supporting
infrastructure developments and enhancement efforts. For example, NASA personnel manage the construction
and renovation of buildings, the development of advanced communication systems, and the creation of new
institutional control systems. 11 NASA personnel also manage efforts to improve the public's understanding and
appreciation of science, technology, engineering, and mathematics (STEM). Institutional projects are planned,
executed, and managed by NASA's Mission Support Offices. Institutional projects can be funded directly by
mission programs, or indirectly through mission support budget accounts (overhead). Program and Project
Managers must account for directly funded institutional projects in the estimation of life-cycle funding
requirements.

8 In some cases, Principal Investigators from industry and academia act as Project Managers for development efforts
with NASA personnel providing oversight.

9 Within large programs, sophisticated ground systems such as a new launch complex may be developed. These
ground systems should be considered part of this product line. To meet mission goals, the delivery of a new flight
product in many instances, also relies on other product lines, such as the timely maturation of an advanced technology.
10 Specific examples are Space Shuttle and International Space Station operations

11 The new Integrated Financial Management System (IFMS) is an excellent example of a major mission support
investment. The effort to renovate the Vehicle Assembly Building at the Kennedy Space Center is an example of a
major facility project that occurs over a long period of time.

1.4.2 Accurately placing a project in the correct investment area is important when using this document because
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different management requirements and oversight techniques will apply according to product line. Investment
area-specific management requirements are found in subsequent chapters. The cognizant Program Manager is
responsible for identifying the appropriate product line for each project.

1.5 Categorization of NASA Projects

1.5.1 NASA strives to execute all projects with excellence, but management requirements and Agency attention and
oversight should track with the investment's magnitude and Agency priority.

1.5.2 Project categorization will be used extensively in the chapters that follow. 12 Most importantly, categorization
defines Agency expectations of Project Managers by determining both the oversight committee and the level of detail
that must be present in Program and Project Plans. This document provides a simple schema, shown in Table 1-1, to
assist the Program Manager in determining the project's category from the magnitude of project's financial investment
and priority. 13 In connection with the project category determination, the Project Manager is responsible for
providing defensible estimates of the project's life-cycle cost and priority levels, whereas the Program Manager is
responsible for concurrence. The Mission Directorate Associate Administrator (MDAA) or Mission Support Office
Director (MSOD) approves the categorization of projects. Independent review teams will later confirm these estimates
as the project reaches initial progress milestones.

12 In this document, the term project should be taken to mean project or portfolio, the latter label being preferred for
the basic and applied research product line.

13 There is a separate NASA-wide definition of software classes within projects that complements the project
categories described in this section. Software cuts across a number of systems and subsystems of varying criticality, so
a project may contain one or more software classes. The requirements for the classification of NASA software are
described in NPR 7150.2.

1.5.3 For purposes of project categorization, project cost is measured in real-year (i.e., budget) dollars.14 For flight
systems and ground support projects, project life-cycle cost includes launch vehicle costs. Project priority depends on
a number of factors:

a. Importance of the activity (project in-line with the critical paths of the Strategic and Capability Roadmaps).
b. Extent of international participation or joint effort with other government agencies.

c. Uncertainty surrounding the application of new and untested technologies.

d. Presence of nuclear materials on board.

e. Systems being developed for human spaceflight.

f. Spacecraft development classification (see NPR 8705.4, Risk Classification for NASA Payloads).

g. Criticality in terms of human safety, mission success visibility, and critical NASA assets.

Life Cycle Cost

Priority
LCC < $100M $100M < LCC < $500M LCC 2 $500M
High Category |l Category | Category |
Moderate Category Il Category Il ' Category |
Low Category Il Category Il .~ Category Il

Table 1-1. Project Categorization Schema

14 For (level-of-effort) basic and applied research, portfolio cost is measured from two years prior to five years from
the current year.

1.6 Roles and Responsibilities

1.6.1 The roles and responsibilities of senior management are defined in NPR 1000.2, the NASA Strategic Management
Handbook, and NPD 1000.3, The NASA Organization. This document, along with NPD 7120.4, Program/Project

NPR 7120.5C -- Chapterl Printed: 11/05/2007 12:34:07  Page 11 of 184



Downloaded from http://www.everyspec.com

NPR 7120.5C -- Chapterl Printed: 11/05/2007 12:34:07  Page 12 of 184

Management, define the responsibilities for all program and project managers, except if in conflict with statutory or
regulatory requirements. Other NASA-wide policy directives (NPDs) and procedural requirements (NPRs) have been
developed for specific management, science, and engineering disciplines. Similarly, Mission Directorates, Mission
Support Offices, and Centers have developed lower-level management and discipline-specific policies and procedural
requirements. Program and Project Managers are responsible for reviewing these and ensuring that subordinate
managers and engineers are in compliance with applicable documents.

1.6.2 As part of the strategic management process, NASA Program Managers are appointed by the Mission Directorate
Associate Administrator (MDAA)15 or Mission Support Office Director (MSOD) in consultation with the Center
Director if applicable. 16 The Program Manager may report to the MDAA (or MSOD) or to a Center Director, but in
either case must work with the Mission Directorate or Mission Support Office staff in performing assigned
responsibilities. It is the responsibility of the Program Manager to develop an accurate and complete Program Plan to
ensure agreement among participants on program requirements, and technical, budget, and management commitments.
The Program Manager is then responsible for implementing the program.

15 Sometimes Program Manager appointments can be made by a Theme Director with the concurrence of the MDAA.
Both Theme Directors and Program Managers may be assigned to Centers or to NASA Headquarters at the discretion
of the MDAA.

16 For programs dedicated solely to basic and applied research, this position usually carries the title "Program
Scientist."

1.6.3 Project Managers and Project Scientists are appointed by the Mission Directorate, Mission Support Office, or
Center Director in consultation with the applicable Program Manager and Program Scientist. The Project Manager is
responsible for developing an accurate and complete Project Plan, and then for implementing the project. The Project
Scientist (or Technologist) is responsible for developing and implementing the Science and Technical Science
Requirements Document.

1.6.4 The Headquarters Office of the Chief Engineer (OCE) is responsible for conducting independent reviews and for
leadership of the Agency's independent assessment (IA) activities, including leadership of the Independent Program
Assessment Office (IPAO) and the coordination of policy development and implementation with Center Systems
Management Offices (SMOs), all of which conduct reviews. The OCE will work in coordination with the appropriate
MDAA or MSOD to establish and execute independent review within the Mission Directorate or Mission Support
Office. These reviews are expressly designed to provide Program and Project Managers with a source of unbiased
examination and plainly articulated feedback. Review teams have a responsibility to provide Program and Project
Managers with candid results, and to provide senior managers with a fair assessment of a program's or project's
planning and execution. The OCE is available to answer program and project management questions, and training is
available to ensure that NASA's procedures are thoroughly communicated and the necessary management skills are
developed.

1.6.5 The NASA Chief Engineer, per NPD 1000.3, The NASA Organization, is the Technical Authority for the
Agency, and is responsible for leading and implementing Independent Technical Authority (ITA) policies and
practices per NPD 1240.4, NASA Technical Authority, and NPR 1240.1,NASA Technical Warrant System. The NASA
Chief Engineer implements ITA through experts, called Technical Warrant Holders (TWHs), who are issued warrants
delegating the technical responsibility, accountability, and authority to establish technical requirements so as to ensure
safe and reliable operations. The purpose of ITA is to establish the technical baseline, once the high-level requirements
have been defined by the Mission Directorate (or Mission Support Office). Accordingly, the TWH approves technical
requirements and any variances thereto. For matters involving safe and reliable operations as related to human safety,
the ITA has final decision authority. The Program or Project Manager, Independent Technical Authority, and Safety
and Mission Assurance all have important roles with respect to safety, reliability, and quality of the products generated
by a program or project. The individual perspectives that these three parties provide throughout a program or project
establish a balance that ensures that all aspects of safety and reliability are adequately addressed.

1.7 Overview of Management Process

1.7.1 The management of programs and projects is a four-part process consisting of:

a. Formulation - the assessment of feasibility, review, and analysis of concepts, initial risk reduction activities,
assembly of teams, development of operational concepts and acquisition strategies, establishment of high-level
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requirements and success criteria, selection of an ITA (if applicable), and preparation of detailed plans, budgets,
and schedules that are essential to the success of a program or project.

b. Approval - the ongoing effort by responsible officials above the program and project management level to
review plans and performance at key milestones and authorize continuation of the effort and progression to the
next phase.

c. Implementation - the execution of approved plans for the development and operation of products and services,
and the establishment of required control systems to ensure performance to plan.

d. Evaluation - the ongoing independent (i.e., outside the advocacy chain of the program or project) evaluation of
the performance of a program or project, and incorporation of the evaluation findings to ensure adequacy of
planning and execution according to plan.

1.7.2 To initiate individual programs, a responsible manager, usually designated by the MDAA or MSOD, must first
prepare a program Formulation Authorization Document (FAD). A MDAA (or MSOD) has the authority to invest
resources in the preparation of a program FAD. The FAD authorizes a Program Manager to initiate the planning of a
new program and to perform the analyses required to formulate a sound Program Plan that contains project elements,
schedules, risk assessments, and budgets. Because the creation of a new program represents a major commitment of the
Agency, the FAD requires the approval of the MDAA (or MSOD). The program FAD does the following:

a. Contains a statement of purpose for the proposed program.

b. Defines the relationship between the program and the Agency's strategic goals and objective.

c. Establishes the scope of work to be accomplished, including identification of all planned products and services
to be delivered, highlighting those elements that are critical to achieving the stated purpose of the program.

d. Provides an initial estimate of required resources and associated high-level schedule that includes a description
of reviews required during formulation.

e. Identifies program participants (with special emphasis on relationships with organizations external to NASA,
including proposed international partnerships).

1.7.3 Another key management document is the Program Commitment Agreement (PCA). The PCA is the agreement
(essentially a contract) between the MDAA (or MSOD) and the NASA Deputy Administrator that documents the
program's objectives, technical performance, schedule, cost, safety, and risk factors, internal and external agreements,
and independent reviews. The PCA can be considered an executive summary of the Program Plan. Project
implementation within a program is not authorized until a signed PCA is on file within the OCE. A Project Manager
developing a new Project Plan is acting within the structure of the Program Plan and under the authority of the PCA.

1.7.4 To ensure the appropriate level of management oversight, NASA has established a hierarchy of Program
Management Committees (PMCs). One of these committees, referred to as the Governing PMC (GPMC), is assigned
primary responsibility for evaluating the cost, schedule, safety, and technical content of a particular program or project
to ensure that it is meeting the commitments specified in the key management documents described above. The Agency
PMC is responsible for evaluating proposed programs, assessing the performance of approved programs and projects,
and providing recommendations to the Deputy Administrator. The Agency PMC convenes two types of meetings: (1)
decision review meetings, in which recommendations are made to the Deputy Administrator regarding whether a
proposed program or project will be authorized to proceed, and (2) Quarterly Status Reports (QSRs), in which the
Agency PMC is updated by each Mission Directorate (and Mission Support Offices for designated programs and
projects).

1.7.5 Other PMC:s are established and executed by Mission Directorates, Mission Support Offices, and Centers. As
programs and projects are approved and move into implementation, the Agency PMC may delegate evaluation
authority/responsibility to one of these PMCs. That decision is documented in the PCA and Program Plan. Regardless
of where the GPMC resides (e.g., Agency, Mission Directorate, Mission Support Office, or Center), it is responsible
for evaluating the program or project, and for providing recommendations and direction to the Program or Project
Manager and, as applicable, the Center Director. For projects, the GPMC is determined by the established project
category. This relationship is shown in Table 1-2.
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Project Category

(From Table 1-1) Governing PMC Review Team Lead

Category | Agency PMC IPAD

............................................... T e — vyt
ol | PMC (or MSOD)
Category Il . Center PMC” . SMO™

*or Mission Directorate SMC for basic and applied research
**or external scientific exports for basic and applied ressarch

Table 1-2 Governing PMCs and Review Team Leads

1.7.6 A NASA-led independent review process has been designed to help assure mission success and the continued
ability of programs and projects to meet commitments. This review process is described in more detail in Section 2.5
for programs and in Section 3.5 for projects. Results of these independent reviews are reported to the Agency, Mission
Directorates, Mission Support Offices, Center PMCs and, where appropriate, the NASA Science Council, the Mission
Directorate Science Management Council (SMC), and the Institutional Committee (IC). Table 1-2 establishes the lead
Independent Assessment (IA) organization based on project category. Figure 1-2 depicts the relationship of mission
and mission support investments, and the oversight of these programs and projects. Programs can contain some or all
of the product lines defined in Section 1.4.

Mission Investments Mission Support Investments
{Direct Funding) (Indirect Funding)
[ i o
| MOPHIG
Ic
APMC —
I Director Facilifies
Mission Enghesdng
Program T
Rea |
Research Pertfolios L
Advanced Technal Real Prope |_ General Pu :
brseeee DEM‘EEHEI‘I{ PIE-IB]E - prmm ﬁupalﬂ[eﬁm:” OF| Pfﬂ]ﬂﬁs
Inshtuhmaj ............ P
— Projects : ™= Projects (Direct)
Flight Systems and
— |Ground Support Projects

Figure 1-2. Program and Project Oversight Structure

1.7.7 Another step to improve direct interaction between Program and Project Managers and senior Agency managers
is the use of an Agency wide electronic "dashboard" (currently Erasmus) to report program and project status in terms
of cost, technical, schedule, management, safety, and performance parameters. This ensures that consistent status
information is communicated across management interfaces. 17

17 Anyone within NASA can access the system to review the status of any Theme or program, and that of many
projects.

1.8 Document Structure

1.8.1 Requirements for programs organized into the four-part management process of paragraph 1.7.1 are detailed in
Chapter 2. Some institutional programs have modified program management requirements identified in Chapter 7.

1.8.2 Common requirements for projects organized into the four-part management process of paragraph 1.7.1 are
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detailed in Chapter 3. Project Managers must also refer to their respective investment area chapter for product
line-specific requirements. Flight systems and ground support Project Managers, for example, will use Chapters 3 and
6. Basic and applied research projects and some institutional projects have modified project management requirements
identified in Chapters 4 and 7, respectively.

1.8.3 Each of the following chapters has the same structure and each discusses the context for the four-part
management process: formulation, approval, implementation, and evaluation. In the larger chapters, both formulation
and implementation are broken into major activities, for example, systems engineering. These major activities have
separate subsections that convey the purpose of the activity and the activity requirements. (See Figure 1-3.) This
document recognizes that many of the major activities, like systems engineering, are undeniably lifecycle processes. It
also recognizes that these major activities have detailed process requirements that are fulfilled at different stages of the
project cycle--that is, the tasks and focus of the activity may shift through the project cycle. Consequently, for
expositional purposes, this document identifies the activity requirements under the more applicable section.

Section 1. Four-Part Management Process Activity 1 | )
[ Section 2. Formulation s Activity 2 | | Activity Purpose
Seclion 3. Approval Activity 3 | Reguirements

Section 4. Implementation |
Section 5. Evaluation

Figure 1-3. Chapter Structure with Detail for Formulation Section

1.8.4 Applicable controlling legislation, circulars, policy directives, and procedural requirements relevant to program
and project management activities are cited in Appendix L.1. Although the applicable documents may not be
specifically cited in the text of this document, they are provided as the authoritative sources of policy and requirements
on the relevant subject. Other references are provided in Appendix L.2 for information only.
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Chapter 2. Program Management Requirements

SPECIAL NOTICE - Use Chapter 2 for Non-Space Flight Program Management. Use NPR 7120.5D for Space
Flight Program Management

2.1 Four-Part Program Management Process

2.1.a As a strategic management structure, the program construct is extremely important within NASA. Programs
provide the critically important linkage between the Agency's ambitious goals and the projects that are the instruments
for achieving them. Programs vary significantly in scope, complexity, cost, and criticality; however, a properly
designed and executed program structure inevitably contributes to sound project management being embraced and
practiced at lower levels. To initiate individual programs, a Mission Directorate (or Mission Support Office) shall
prepare a program Formulation Authorization Document (FAD).

2.1.b The Program Manager is responsible for ensuring that program goals address the Mission Directorate Strategies
and Mission Support Office Functional Leadership Plans and that the program's content, which may contain multiple
product lines, addresses those program goals. The Program Manager shall be responsible for recommending to the
MDAA (or MSOD) the appropriate product line for each project in his/her program. The Program Manager
coordinates program content with the Mission Directorate (or Mission Support Office), provides leadership, and is
responsible for the successful accomplishment of the program that meets the needs of the customer. This chapter
further delineates the management requirements for programs as described in terms of the four-part management
process of paragraph 1.7.1. Program Managers shall meet all requirements outlined in this chapterirrespective of the
size of the program.

2.1.c The Program Manager is responsible for integration, oversight, and assistance to the program's constituent
projects.18 The program management integration role varies as a function of the level of interdependence of the
projects within the program. The following examples illustrate several types of programs. A single-project program
(e.g., Cassini) delivers a major capability through completion of one project; in this program type, the Program
Manager may also serve in the role of Project Manager and must meet the requirements applicable to both programs
and projects. For a program which accomplishes its goals and objectives through completion of multiple, synergistic
projects wherein each project individually provides a unique product (e.g., the Mars Program), the Program Manager
ensures that the projects collectively contribute to an integrated program objective. For programs that deliver an
integrated system-of-systems composed of multiple interdependent projects (e.g., International Space Station),
end-to-end system integration and delivery is performed at the program level (i.e., the sum of the project deliveries
does not produce the system in the absence of program integration). The program management integration role is more
limited in other types of programs where the degree of interdependence is less. Examples are Discovery, in which each
project stands alone in contributing to a very broad program objective; New Millennium, in which the projects are
interdependent in contributing to technology validation but are not synergistically integrated; and technology
programs, which can provide new capabilities for many missions. For basic and applied research programs, the
integration occurs through the infusion of new knowledge, data applications, and technological advances. The Program
Manager ensures that such advances influence multiple programs.

18 In this document, the term project should be taken to mean project or portfolio, the latter label being preferred for
the basic and applied research product line.

2.1.d The Program Manager is responsible for the program safety, security, cost, schedule, technical performance, risk,
and other management requirements contained in this chapter. The Program Manager should integrate these areas and
utilize the experts from line or functional organizations to assist in program formulation and implementation.

2.1.e The Program Manager should develop a cooperative and performance-oriented team that includes the Project
Managers. It is imperative that team members be mutually supporting and empower each other to do their functions
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with full and open communication.

2.2 Program Formulation

2.2.1 Purpose: The purpose of program formulation activities is to establish a cost-effective program that is
demonstrably capable of meeting Agency and Mission Directorate (or Mission Support Office) goals and objectives.
The program Formulation Authorization Document (FAD) authorizes a Program Manager to initiate the planning of a
new program, and to perform the analyses required to formulate a sound Program Plan. A FAD template is found in
Appendix A. The PCA is the agreement between the MDAA (or MSOD) and the NASA Deputy Administrator that
authorizes transition from formulation to implementation. A PCA can be considered an executive summary of the
Program Plan. A PCA template is found in Appendix B.

2.2.2 Requirements: During program formulation, the Program Manager, once selected, shall:
2.2.2.a Prepare a Program Plan.

1. In the Program Plan, the Program Manager shall define and document an affordable program architecture along
with the success criteria and performance metrics. (A Program Plan template is provided in Appendix C.)
Specifically, the Program Manager shall:

i. Ensure that top-level requirements, including success criteria, for each constituent project are defined in
coordination with the Mission Directorate (or Mission Support Office) and documented in the Program Plan.

ii. Ensure the validated high-level requirements and program success criteria flow down to projects or portfolios.
Program Managers are required to demonstrate this linkage (traceability) while formulating and implementing a
program, and this linkage will be closely monitored when the Program Plan is reviewed.

iii. Prepare estimates of yearly New Obligational Authority (NOA) consistent with top-level program requirements,
and identify the civil service workforce so as to enable full cost estimates.

iv. Prepare an overall program timeline with key milestones related to the accomplishment of program goals and
objectives. When applicable, the timeline should provide guidance and a schedule for the announcement of new
project (or research) opportunities.

v. Document synergistic activities with other NASA, industry, academia, and international programs.

vi. Prepare and implement a comprehensive Safety and Mission Assurance (SMA) Plan early in program
formulation to ensure program compliance with all regulatory safety requirements from OSHA and all NASA
Safety and Mission Assurance requirements such as mishap reporting and investigation, range safety, software
safety and assurance, and human rating requirements. The importance of up-front safety, reliability,
maintainability, and quality assurance requirements should be emphasized in all program activities.

2. Beginning early in program formulation, the Program Manager shall work with the Office of External Relations,
the Deputy Chief Acquisition Officer and the MDAA (or MSOD) to identify potential non-NASA partners and
necessary agreements for international or interagency cooperation.

i. All activities and documentation shall be consistent with policy directives and with Mission Directorate (or
Mission Support Office) and Agency-level agreements with the partners.
ii. All program-enabling commitments shall be obtained prior to program approval for implementation.

3. The Program Manager shall evaluate lessons learned from existing and previously executed programs and
projects to identify applicable lessons for use in program planning and execution.

4. Early in program formulation, the Program Manager, in consultation with the MDAA (or MSOD), shall
recommend a Technical Warrant Holder (TWH). The NASA Chief Engineer selects the TWH.

2.2.2.b Create a program organizational and financial structure.

1. The Program Manager shall build a program organizational structure that assigns clear lines of responsibility,
authority, and accountability to specific Centers, Project Managers, partners, advisory groups, and oversight
boards.

2. Working in close cooperation with the OCFO, the Program Manager shall be responsible for creating financial
management structures that comply with budget and accounting standards established by that Office.

2.2.2.c Develop a program technical approach.
i. As applicable, the Program Manager shall identify scientific and engineering research and development
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strategies, develop constituent project (systems and operations) concepts, acquisition strategies, technology
strategies, commercialization plans, agreements (e.g., space operations service agreements, launch services
agreements, safety and mission assurance agreements), and logistics concepts and incorporate them into the
Program Plan. The most important aspect of this formulation activity is conducting a thorough analysis of
alternatives (AoA), relying on architecture frameworks, program-level systems engineering, design reference
mission analysis, and other formal techniques.

The Program Manager shall establish the program's methods for advanced technology insertion and validation,
safety and mission assurance, environmental impact assessment, records and data management and distribution,
physical and information security and program protection, and risk management and incorporate them into the
Program Plan.

The Program Manager shall incorporate the security considerations in NIST Special Publication 800-64,
"Security Considerations in the Information System Development Life Cycle," in the lifecycle of all Information
Technology related Programs.

2.2.2.d Develop a continuous risk management process

1.

ii.

iii.

W

The Program Manager shall develop and implement a continuous risk management process (that includes
integrated risk management planning for all risks associated with program safety, cost, schedule, and technical
performance) and document it in a program Risk Management Plan.

. The Program Manager shall begin the process with risk identification and an assessment of program constraints,

which defines the acceptable risks. Areas of potential program risks include, but are not limited to: mission
success criteria; development schedule; budget limits; launch window and vehicle availability; international
partner participation; critical single source suppliers; security; environmental concerns; human space flight
safety issues; fail ops/fail safe requirements; safe and reliable operations; and the amount and type of testing.
The Program Manager shall follow the NASA Continuous Risk Management (CRM) Process, shown as Figure
2-1 and Figure 3-2 in Chapter 3.

The program Risk Management Plan shall describe periodic risk reviews, system safety, quantitative risk
assessments, operations risk management, risk-based acquisition management, and information management
systems for problem reporting, surveillance reporting, supportability data, and trends analyses.

. All risks shall be documented and communicated throughout the program's life cycle.
. The results of the risk management process shall be incorporated into the final technical products.

Communicate
and
Document

Plan

Figure 2-1. The NASA Continuous Risk Management Process

2.2.2.¢ Develop a closed-loop problem tracking process that includes problem or anomaly reporting, problem analysis,
and corrective action.
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1. The Program Manager shall develop a protocol to review past performance to determine the incidence of
identical or related anomalies.

2. The Program Manager shall develop an escalation procedure (to inform higher levels of management) based on
mission criticality.

3. The Program Manager shall develop a closeout process for root cause determination, anomaly mitigation, and
recurrence control.

4. The Program Manager shall evaluate and disposition Government-Industry Data Exchange Program (GIDEP)
Alerts, Safe-Alerts, Problem Advisories, Agency Action Notices and NASA Advisories, and shall exchange
significant problem and nonconforming item data with other activities and with GIDEP.

2.2.2.f Present the Program Plan for approval by the MDAA (or MSOD).

1. Prior to the program Non-Advocate Review (NAR), the Program Manager shall secure Program Plan
concurrence by the cognizant MDAA (or MSOD) and from those Center Directors committing support to the
program.

2. For single-project programs, the Program Manager shall either prepare both a Program Plan and a Project Plan,
or integrate key elements of the Program Plan with all required elements of the Project Plan. The resultant
Program Plan should fully meet the requirements described for both the program and project plans, including
adequate linkage to the Agency Vision, goals, and objectives.

i. For the purposes of compliance with this document, formulation and implementation activities for single-project
programs shall follow the requirements outlined for projects.

ii. A Formulation Authorization Document (FAD) and a Program Commitment Agreement (PCA) shall be
required for a single-project program.

2.2.2.g Support the Mission Directorate or the (Mission Support Office) in the preparation of a Program Commitment
Agreement, based on the content of the Program Plan.

2.3 Program Approval

2.3.1 Purpose: The program approval process is an ongoing effort by senior NASA management to determine the
program's readiness (at key milestones) to continue with formulation, or to proceed to or continue with
implementation.19 To secure program approval, the Program Manager must prepare (or revise) key program
management documents (PCA, Program Plan, etc.) and submit them to the Agency PMC at a decision review meeting.

19 For existing programs, re-approval may be required during implementation as a result of proposed changes to the
PCA and Program Plan based on budgetary, technical, or institutional considerations.

2.3.2 The term "ongoing" is used in paragraph 2.3.1 because the number of key milestones at which decision reviews
are required varies from program to program. The number and focus of decision reviews depends on the program's
predominant product line and development strategy. Non-flight programs will have at most one decision review--the
NAR--occurring between formulation and implementation. Programs dominated by flight systems and ground support
projects will have at least two decision reviews--the preliminary NAR occurring during formulation and the NAR. To
avoid unnecessary duplication of review events, these decision review meetings are generally timed to coincide with
the program's first project preliminary NAR and NAR. For all programs that use evolutionary acquisition there are two
additional decision reviews--the Concept Decision Review, occurring before formal formulation activities start, and the
Production Review, occurring during implementation before significant production activities start. Table 2-1 shows the
required program decision reviews.

2.3.3 NASA will adapt its program evaluations and management accountability hierarchy to accommodate programs
that are an evolving system-of-systems. Specifically, when a Mission Directorate uses an evolutionary acquisition
approach, decision reviews held by the Agency PMC will occur at the "spiral level," will include the major program
elements (i.e., projects), and will be conducted concurrently with the spiral decision reviews. Because this is a new
approach to program approval, NASA senior management plans to revisit the number of decision review meetings after
some experience has been gained.
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Concept Preliminary Production

Review

Program Decision
Review NAR

Basic and Applied
Research Yes
(separate program)

Advanced Technology
Development Yes
(separate program)

Flight Systems and
Ground Support Yes Yas
(standard)

Flight Systems and
Ground Support Yes Yes Yes Yes
(evolutionary acquisition)

Institutional

(real property)

Institutional Ves
(information technology)

Institutional Yes

(other functional initiatives)

Table 2-1. Program Decision Reviews
2.3.4 Requirements: In support of Agency PMC decision review meetings during program approval:

2.3.4.a The Program Manager shall support evaluation by IPAO in accordance with the program evaluation process.
(See paragraph 2.5.8 for more detailed requirements.)

2.3.4.b The Program Manager shall prepare a program readiness overview briefing for presentation at the Agency
PMC milestone decision review meeting that includes a summary of the program, the status of program documentation
and products, concurrence of the TWH on technical requirements (including all variances), and significant risks, all
appropriate to the level of program maturity.

2.3.4.c The Program Manager shall prepare (and/or submit) the program documents and products described in Table
2-2. For programs that have a preliminary NAR, an updated FAD is not needed for the NAR.

2.3.4.d At that meeting, the IPAO results and findings, including an Independent Cost Analysis (ICA), are also
presented. The Program Manager shall then follow with a presentation of responses to the IPAO findings.

2.3.5 When all presentations are concluded, the Agency PMC convenes an executive session to discuss the material
presented and determines whether to recommend approval to the Deputy Administrator. A positive recommendation
may be unconditional, or conditional on the Program Manager completing assigned action items, some of which
address [PAO findings from the NAR. A negative recommendation by the Agency PMC results in direction to the
Program Manager to either address the deficiencies or to terminate the program. When the Deputy Administrator signs
the PCA, the program is approved for implementation, and the program's NAR Baseline is formally established.

Key Management | Concept Preliminary Production
Document or Product | Decision Review NAR Review
Program FAD Draft Yes, if applicable | Yes, if applicable MNo
PCA NIA Preliminary Final Updated
Program Flan MIA Preliminary Final Updated

Table 2-2. Key Program Documents and Product Maturity by Decision Review

2.4 Program Implementation
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2.4.1 Implementation of programs requires many actions from the Program Manager. The Program Manager should
work closely with Mission Directorate (or MSOD) personnel and with the OCFO to coordinate plans, budgets and
schedules. During program implementation, the Program Manager performs and orchestrates the following activities:

a. Program control.
b. Program advocacy.
c. Program integration.

2.4.2 Program Control

2.4.2.1 Purpose: Through this activity the Program Manager provides direction and exercises control over the
program. The purpose of this activity is to ensure that program implementation is conducted in an effective manner,
considering safety, risk, performance, cost, schedule, and quality commitments in the Program Plan. This activity
provides management oversight of all aspects of the program, especially oversight and review of the constituent
projects. This activity ensures the collection, tracking, reporting, and management of the program according to
agreed-upon metrics.

2.4.2.2 Requirements: During implementation, the Program Manager shall:

2.4.2.2.a Have a signed PCA before conducting activities associated with program or program element (project or
portfolio) implementation.

2.4.2.2.b Demonstrate a comprehensive program control function.

1. The program control function shall operate to ensure that cost, schedule, safety, and performance commitments
made at the program and project levels are demonstrable in terms of agreed-upon metrics.

2. The Program Manager shall focus attention on assuring that projects are operating within the framework of the
approved Program Plan.

3. The Program Manager shall monitor any program element reserves held at the program level and distribute
them, as needed, to meet program goals and objectives.

2.4.2.2.c Prepare and maintain detailed budgets, work authorizations, plans, and schedules.

1. The Program Manager shall provide a copy of the signed PCA to the OCE and OCFO.

2. The Program Manager shall support the Mission Directorate (or Mission Support Office) in updating the PCA
through a revision when new content is added to the program (e.g., the creation of a new project). The revision
shall be noted in the PCA change log.

3. The Program Manager shall evaluate the need for modifications of the Program Plan and the PCA due to
changes in projects and activities within the program. Programs are usually long-lived constructs and should not
require extensive modification during implementation. However, external funding changes or strategic shifts
within the Agency can generate modifications to the PCA. Specifically, for ongoing programs:

i. The Program Manager shall support the Mission Directorate (or Mission Support Office) in updating the PCA
through a modification when budget changes greater than 20 percent (20%) in a given year, or ten percent (10%)
within a five-year horizon occur.

ii. The Program Manager shall support the Mission Directorate or (Mission Support Office) in preparing the PCA
modifications and documenting them in the PCA change log. The Mission Directorate will approve the
modifications and take the modified PCA to the Agency PMC for an approval recommendation to the Deputy
Administrator.

iii. The Program Manager shall support the Mission Directorate (or Mission Support Office) in preparing a briefing
for the Agency PMC that describes factors driving the modification and shall support the briefing if requested.
When the Deputy Administrator signs the modified PCA, the program modification is approved.

4. Budget data shall reflect, at all times, the full cost of implementing all aspects of the program. (For more
information on full cost and practices, see Volume 7 of the NASA Financial Management Requirements.)

5. The Program Manager shall prepare and maintain a detailed schedule of program milestones and major planned
events. Program Managers are encouraged to identify alternative development paths in order to maximize the
probability of success.

6. The Program Manager shall review and approve constituent Project Plans.
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2.4.2.2.d Oversee acquisition efforts.

1. The Program Manager shall ensure that all acquisition efforts20 and other transactions are implemented in
accordance with Federal law and regulations (including the FAR or OMB Circulars, as applicable), and the
NASA FAR Supplement, NASA directives, and the Program Plan.

2. The Program Manager shall ensure that standards and requirements flow down to external parties (i.e.,
contractors, grantees, and non-NASA parties to Space Act and other agreements and non-procurement
instruments).

20 This includes contracts, grants, cooperative agreements, interagency agreements, Space Act Agreements, and any
effort not performed by NASA installation employees.

2.4.2.2.e Conduct an integrated continuum of reviews. The Program Manager shall conduct the internal program
reviews during implementation as specified in the Program Plan.

2.4.2.2.f Disposition all risks before delivery to operations (or the equivalent for a technology program).

2.4.2.2.g Support the Mission Directorate (or MSO) in preparing material for Quarterly Status Reviews (QSRs) to the
Agency PMC.

2.4.2.2.h Periodically evaluate the performance of Project Managers and their teams.
2.4.3 Program Advocacy

2.4.3.1 Purpose: The purpose of this activity is to proactively consult and involve customers in program decision
forums during implementation to ensure customer satisfaction with delivered products and services within budget and
schedule commitments. Program advocacy also includes external outreach to the wider set of stakeholders. The
Program Manager works with the Mission Directorate (or Mission Support Office) to advocate for the totality of the
program, including advocacy for constituent projects. The MDAA (or MSOD) and Program Manager should ensure an
effective interface across Government agencies and international partners, and with the political stakeholders. In
completing the education and public outreach plan, the Program Manager ensures integration with the Agency
education strategic goals.

2.4.3.2 Requirements: During implementation, the Program Manager shall:

2.4.3.2.a Advocate and promote customer involvement in the implementation of the program to assess progress against
commitments.

2.4.3.2.b Produce and execute a plan for education and public outreach by working with Mission Directorate education
leads and the NASA Office of Education.

2.4.4 Program Integration

2.4.4.1 Purpose: This activity develops and integrates the overall implementation approach and provides management
oversight of all aspects of the program.

2.4.4.2 Requirements: During implementation, the Program Manager shall:

2.4.4.2.a Maintain the continuity of requirements by ensuring that requirements are fully traceable from Agency vision
and goals down through program requirements and top-level project requirements.

2.4.4.2.b Ensure that the program is being implemented in a cost-effective manner by continuing to conduct
architecture trades, technology assessments, mission analyses, and infrastructure and operational analyses that help
structure program-level investments for maximum return.

2.4.4.2.c Ensure that all investment areas (product lines) associated with the program are being managed in an
integrated manner so that changes in one program investment area are reflected in all other related investment areas.

2.4.4.2.d Ensure that all cross-cutting management elements of the program (e.g., safety, technology strategy, risk
management) are being implemented in constituent projects in accordance with the Program Plan.

2.4.4.2.¢ Identify and secure facilities, infrastructure, equipment (including GFE), materials, supporting personnel, and
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services that are required to support multiple projects within the program.

1. The Program Manager shall negotiate agreements with support providers, as needed.

2. For those products requiring transfer of custodial responsibility, the Program Manager shall ensure that
acceptance/turnover activities, licensing, and documentation are addressed.

3. The Program Manager , shall e , nsure that Project Plans account for the disposition of assets (orbital and other)
after the end of their useful life.

4. The Program Manager shall manage all salvageable assets (e.g., spares) remaining at the end of a constituent
project's life cycle.

2.5 Program Evaluation

2.5.1 NASA's leadership places a high value on independent review of programs and projects as an unbiased quality
check of the engineering and management efforts.

2.5.2 Purpose: The evaluation process utilizes independent review teams composed of knowledgeable, independent
experts from outside the advocacy chain of the program. Evaluation supports the approval process by providing
findings and supporting data needed to help the Agency PMC decide whether to proceed to the next program phase.
Evaluation during formulation assesses whether a program supports the Agency Vision and strategic goals, and
whether that program can be successfully conducted within available resources and applicable constraints. Evaluation
during implementation assesses whether a program is contributing to the Agency Vision and goals, and is being
successfully executed according to the Program Plan. Evaluation also provides findings to enhance the program's
technical and programmatic performance.

2.5.3 These evaluations are generally planned to minimize disruptions to the program and avoid unnecessary
duplication of review events. In keeping with that policy, NASA will adjust its program evaluations to accommodate
programs that are an evolving system-of-systems.

2.5.4 Requests for external audits and assessments of programs may come from the Congress, the NASA Inspector
General, the Government Accountability Office (GAO), advisory groups such as Science Advisory Committees, and
other similar sources. When requested, the OCE will coordinate responses to external review requests, work in concert
with the MDAA (or MSOD) to disposition such requests, and coordinate the scheduling of such activities with the
Program Manager and Agency PMC.

2.5.5 Special-purpose independent reviews (e.g., Termination Review) will be conducted when directed by the Agency
PMC or Mission Directorate. Requests for special purpose reviews may come to the Agency PMC from customers,
line organizations, or others. Elements such as the anticipated inability of a program to meet its commitments, an
unanticipated change in Agency strategic planning, or an unanticipated change in the NASA budget may initiate such
reviews.

2.5.6 For basic and applied research programs, a Program Implementation Review (PIR) will be held every three years,
and conducted consistent with NPR 1080.1, NASA Science Management. All other programs will have a biennial
(nominally every two years) PIR by the [IPAO throughout implementation at a time designed to minimize disruptions
to the program (e.g., at scheduled program milestone reviews). The IPAO PIR is designed to ensure that the program's
scope and content remain tightly linked to the Agency Vision and goals, that the program's implementation follows the
intent of the Program Plan and that the program is meeting the NAR Baseline performance, cost, and schedule
commitments. The IPAO reports the results of such periodic PIRs to the Agency PMC. For basic and applied research
programs, the results of the PIRs are also reported to the Mission Directorate Science Management Council (SMC) or
equivalent.

2.5.7 For all programs, the general process flow leading to each Agency PMC decision review and PIR is as follows.
The Program Manager schedules program site field review events with the IPAO. During the IPAO site field review,
the Program Manager presents a detailed program briefing, which demonstrates the program's readiness to continue.
This briefing includes a program cost estimate and documentation/data required to conduct an Independent Cost
Analysis (ICA). At the end of the I[PAO site field review, the IPAO provides a preliminary verbal outbrief to the
Program Manager. The IPAO prepares an initial briefing, which includes an Independent Cost Analysis (ICA), and
briefs the Program Manager. The Program Manager reviews the facts, assumptions, and findings of the initial [IPAO
briefing, and provides a formal response to the IPAO. The IPAO and Program Manager brief the cognizant Center
management (if applicable) and the Mission Directorate on the findings and program responses. The IPAO prepares a
final briefing and issues it to the Program Manager, the Directorate, and to the Agency PMC members. After the final
briefing is issued, the Program Manager and the IPAO brief the Agency PMC.
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2.5.8 Requirements: To accomplish the ongoing program evaluation process, the Program Manager shall:

2.5.8.a Plan program team and schedule resources to support Independent Assessment (IA) for all required program
decision reviews and Program Implementation Reviews (PIRs) (nominally every two years after the NAR approval2l).
For initial planning purposes, the Program Manager should consult Table H-2 in Appendix H. The program's planning
schedule may be modified through negotiation with the IPAO.

21 For basic and applied research programs, Program Implementation Reviews occur every three years.

2.5.8.b Comply with the evaluation Terms of Reference (ToR) for all independent reviews.

1. The ToR is prepared by the IPAO through negotiation with the MD (or MSO) point-of-contact. The ToR is
approved by the OCE and the MDAA (or MSOD). The ToR specifies the details of conducting site field review
events, including the schedule, deliverable items, and areas of program risk. If the MD (or MSO)
point-of-contact and the IPAO cannot agree on the ToR scope and content, the OCE shall be the final decision
authority.

2. The final schedule shall be documented in the evaluation ToR.

2.5.8.c Prepare program briefings and material demonstrating the program's readiness to continue, and present them at
the IPAO site field review. These briefings shall include a program cost estimate. (PIRs are designed to measure
program performance and compare that performance against the Program Plan. Consequently, the biennial PIR focuses
on program activities and generally does not delve into project operations. The Program Manager should, however,
plan for some level of project-level analysis in order to assess the delivery of products and services according to the
agreed-upon metrics in the Program Plan.) The Program Manager should consult Table H-1 in Appendix H for other
assessment criteria.

2.5.8.d Review facts, assumptions, and findings of the initial IPAO briefing, and provide a formal response to the
IPAO.

2.5.8.e Comply with external requests for evaluation and audit (e.g., Congress, OMB, NASA Inspector General, GAO,
etc.).

2.5.8.f Support any additional independent reviews or technical assessments that may be required during formulation
and implementation as directed by the Administrator, Agency PMC, MDAA, MSOD, the OCE (including the NESC),
or the Office of Safety and Mission Assurance. The Program Manager shall provide formal responses to action
items/recommendations from these reviews for closure.

2.5.8.g Ensure that program engineering data related to failures, anomalies, evaluations, problems, incidents, and
Requests for Action (RFAs) are captured, retained, and made available to the TWH and NESC upon request.

2.5.8.h Provide support for a Safety and Mission Assurance Readiness Review (SMARR) prior to any launch or safety
critical event or other activity selected by the Chief SMA Officer.
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Chapter 3. Common Project Management
Requirements

SPECIAL NOTICE - Use Chapter 3 for Non-Space Flight Project Management. Use NPR 7120.5D for
Space Flight Project Management

3.1 Four-Part Project Management Process

3.1.a NASA projects are elements of a program and are investments that have defined goals objectives,
requirements, LCC, a beginning, and an end. Projects vary significantly in their complexity, cost, and
criticality. The Project Manager is responsible for the successful accomplishment of his/her project from
formulation through implementation, and for customer satisfaction with the products and services delivered.
The Project Manager is accountable to his/her Program Manager and to the Center Director for assigned
projects. Project Managers are key members of the program management team, providing information and
assisting the Program Manager in the execution of the integrated program.

3.1.b This chapter delineates the common requirements for the management of projects, described in terms
of the four-part management process of paragraph 1.7.1. The requirements of the chapter apply specifically
to projects identified in Program Plans. It is recognized that these projects contain lower-level project
activities managed by designated responsible organizations. The cognizant Mission Directorates, Mission
Support Offices, programs, projects, or Centers shall flow down the requirements of this document. The
Project Manager should also review all Mission Directorate, Mission Support Office, program, and
Center-level documents that might include requirements beyond those in this document.

3.1.c Managers of projects identified in a Program Plan shall meet all requirements outlined in this chapter
irrespective of the size of the project and the program of which it is an element. Requests for deviations or
waivers to NPR 7120.5C requirements shall be documented and submitted for approval to the Center
Director, the Program Manager, Mission Directorate (or Mission Support Office), and the appropriate
GPMC. The Project Manager should receive written authorization from the Office of Security and Program
Protection for waiver of activities related to security. Prior to the NAR, these requests shall be documented in
the NPR 7120.5C compliance matrix attached to a single deviation or waiver to assure proper routing and
control.22 Deviations or waivers impacting formulation or requiring long lead-time shall be submitted
individually early in formulation. Following the NAR, deviations or waivers shall be submitted individually
to the approving authority described above. The compliance matrix, with approved deviations and waivers,
shall be included as an appendix to the Project Plan.

22 The Compliance Matrix is provided as Appendix K.

3.1.d Project IT investments shall be separately planned for, evaluated in terms of Return on Investment
(ROI), budgeted, and managed. Refer to Chapter 7 for requirements related to IT investments made by all
projects, regardless of type.

3.1.e Program management and project management are inextricably linked and the relationship between the
two levels of management is critical to achieving mission success. Project management is different, however,
from program management when it comes to timing and composition. The Project Manager works in concert
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with the Program Manager, but focuses on the day-to-day execution of the project by industrial contractors,
universities, NASA personnel, and other agencies, foreign and domestic. There is also considerable breadth
needed to address the safety, cost, schedule, technical performance, team building, human resource, and
institutional issues associated with managing a project. The Project Manager should be knowledgeable in all
these areas and utilize the experts from line or functional organizations to assist in project formulation and
implementation.

3.2 Project Formulation

3.2.a Working through a program office, a MDAA (or MSOD) will usually provide a small amount of
discretionary resources for pre-formulation activities (i.e., activities before a project formally enters
formulation). These pre-formulation activities involve mission analysis, advanced concept studies, and
analyses of alternatives that should 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. In programs that use an Announcement of Opportunity (AO) process, program
resources are invested (following Step 1 selections) to bring certain mission concepts to a state in which their
science content, cost, schedule, technical performance, project implementation strategies, safety and mission
assurance implementation strategies, and management approach can be better judged. 23

3.2.b The MDAA (or MSOD) has the authority to initiate a project and begin formulation activities. To effect
a project's official entry into formulation, the Program Manager prepares a draft project FAD or equivalent
(such as a Program Plan section, MDAA letter selecting a specific AO proposal, or a Program Directive that
is used in the Space Station and Shuttle Programs). The draft project FAD is forwarded to the MDAA (or
MSOD) for final signature. Once the MDAA (or MSOD) signs the project FAD, a project formally enters
formulation. In a new program, formulation of the first project can only begin after the program FAD has
been signed and a Program Manager is formally selected by the MDAA (or MSOD).

3.2.c Once selected, the Project Manager is responsible for the evolution of the project concept and ultimate
mission success. If requested by the Mission Directorate, Mission Support Office, or Program Manager, the
Project Manager assists in revising the PCA.

3.2.d NASA places a good deal of emphasis on project formulation because adequate preparation of project
concepts and plans is vital to success. During formulation, the project establishes the success criteria,
explores the full range of implementation options, defines an affordable project concept to meet mission
objectives specified in the Program Plan, and develops and documents the Project Plan. A key part of the
Project Plan describes the Project Baseline, against which the project will be measured. Formulation is an
iterative set of activities 24 rather than discrete linear steps. Formulation continues with interactive execution
of its activities, normally concurrently, until formulation output products have matured and are acceptable to
the Program Manager and the MDAA (or MSOD).

3.2.e During project formulation, the Project Manager25 with the project team performs the following
activities:

a. Project planning.

b. Cost estimation.

c. Systems engineering.

d. Independent technical authority.
e. Project assessment and control.

23 From the point-of-view of the selected AO-driven project, the winning team is clearly doing formal
project formulation (putting together a detailed WBS, schedules, cost estimates, implementation plans, etc.)
during the preparation of the Step 2 proposal. From the point-of-view of the program, no specific project has
been chosen, so project Level 1 requirements are unknown, costs can encompass a wide range, and a FAD
cannot be executed. Consequently, formal project formulation cannot begin. This document recognizes the
existence of both views.
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44 Activities include flowing down agreed-to success criteria to the system/subsystem level; establishing the
internal management control functions that will be used throughout the life of the project; assessing the
technology requirements and developing the plans for achieving them; identifying options for partnering and
commercialization; performing life-cycle cost (LCC) and mission effectiveness analyses for concepts
deemed to have a high degree of technical and operational feasibility; and identifying margins and reserves
consistent with project risk.

25 For single project programs, the term Project Manager is usually taken to mean Program/Project
Manager.

3.2.1 Project Planning

3.2.1.1 Purpose: This activity develops the project's objectives, requirements, success criteria and
concomitant implementation approaches and technology strategy, establishes the Project Plan, and creates
project control structures such as the Work Breakdown Structure (WBS) and Integrated Master Schedule
(IMS).

3.2.1.2 Requirements: The Project Manager and the project team shall:
3.2.1.2.a Prepare the Project Plan.

1. At a minimum, the Project Plan shall contain all elements of the template provided in Appendix D. If
the Project Manager chooses to write separate plans for some elements of the template, then the Project
Plan shall summarize the salient points of the separate plans.

2. Sections of the Project Plan that are replaced by alternative approaches through an approved waiver or
deviation shall be clearly identified in the Project Plan.

3. The Project Manager shall have the initial version of the Project Plan completed and ready for review
by the Program Manager within the relevant milestone in the Appendix G.

4. The Project Manager shall secure approval of the Project Plan within the relevant milestone as
identified in Appendix G. As a minimum, the cognizant Center Director and the Program Manager
shall sign the Project Plan.

5. The Project Manager shall evaluate lessons learned from existing and previously executed projects to
identify applicable lessons for use in project planning and execution.

3.2.1.2.b Define a Work Breakdown Structure (WBS).

1. The WBS for the project shall encompass all the work required in the project, including both in-house
and contractor efforts, over the project life cycle.

2. The WBS for the project shall be based on the appropriate product line template.

3. The WBS shall have a companion WBS dictionary that narratively describes the overall structure and
content of each individual element of the WBS, and a WBS index linked to reference individual
elements to the dictionary.

3.2.1.2.c Prepare a project Integrated Master Schedule (IMS) as part of the Project Baseline.

1. The project IMS shall show all tasks necessary to accomplish the total scope of work derived from
authorizing documents (e.g., FAD, PCA, Program Plan, Contract) and defined in the approved project
WBS.

1. Activity durations shall identify the realistic number of work periods required to accomplish each
activity in the IMS.
ii. Resource requirements, capacity, and availability shall be considered.
i11. Schedule reserve, based on risks and historical norms, shall be clearly identified.

1. The project IMS shall show all critical project milestones, logical relationships (interdependencies) for
all tasks and milestones, and include critical paths, when required, based on both project category and
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product line type. (See product line chapters).

2. The project IMS shall have traceability to both lower-level detailed schedules and higher-level
management summary schedules controlled by the approval authority (e.g., Program Manager,
MDAA).

3.2.1.2.d Create a team structure designed to assure mission success.

1. The Project Manager shall develop a team organization compatible with the WBS and the
implementation strategies selected for the project. The project's organizational structure shall be
documented in the Project Plan, Part 1, Project Management.

2. Project teams can be composed of civil service personnel, contractors, academia, partners, and
customers. It is important that project teams have full and open communication. Clear lines of
authority and communication must be demonstrated in the project organization chart. Therefore:

1. The Project Manager shall develop a project Communications Plan so as to foster effective (upward
and downward) communication of critical management, technical, risk, and safety information.

ii. The Communications Plan shall specifically define the relationships among various project elements,
and unambiguously identify responsibilities for problem reporting and subsequent decision making,
during normal and contingency events.

i11. The Communications Plan shall define relationships and interactions with all stakeholders, team
members, and supporting organizations.

iv. The Project Manager shall develop a plan to meet the program requirements for a closed loop problem
tracking process, described in paragraph 2.2.2.e.

3. The balance of required skills, experience, and the size of the team will likely change through the
project life cycle. Therefore, the Project Manager shall develop staffing plans consistent with the needs
of the project over its life cycle, staff with personnel with the appropriate skills, abilities, and
experience, and provide integrated team training to successfully execute the project.

4. The Project Manager shall negotiate required resources with applicable service pool managers.

5. In their supervisory capacity, Project Managers shall provide for the individual development of
personnel that report directly to them. In addition, Project Managers should collaborate with line
managers on the individual development needs of other members of the team. Project Managers should
identify meritorious performance and create a strategy for using the NASA Awards and Recognition
program to acknowledge successful, high-performing individuals and teams. Project Managers should
take quick action to remedy unsatisfactory performance, whether through provision of additional
guidance or training or, if necessary, changes in personnel.

3.2.1.2.e Examine and manage requirements for advanced technology.

1. The Project Manager shall analyze technology requirements for feasibility, availability, technology
readiness, and opportunities for leveraging ongoing research. Specifically:

1. The Project Manager shall evaluate sources of technology from other NASA Centers. One resource for
accomplishing this is the NASA Technology Inventory Database at http://inventory.gsfc.nasa.gov.
i1. The Project Manager shall also identify commercial, academic, and other government agency sources
of technology.
iii. Full cost assessments and risk assessments shall be performed to identify preferred sources of
technology.

2. The Project Manager shall develop an integrated technology strategy to enable the project to meet its
mission objectives. This strategy shall be documented in the Project Plan, Part 3, Technology Strategy:

1. The Technology Plan shall describe how the project will remove remaining technology gaps, including
maturation, validation, and insertion plans, quantifiable milestones, decision gates, and resources
required.

ii. Sources of technology shall be clearly identified in the Technology Plan.
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iii. Distribution restrictions on the software, hardware, or data shall be clearly identified in the Technology
Plan.

3. The Project Manager shall work with Center legal and commercialization personnel to establish how
project-developed intellectual property (technologies, discoveries, innovations, tools, processes, or
software) can be licensed or appropriately transferred to U.S. industry in other ways.

4. The Project Manager shall 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.

3.2.1.2.f Analyze project infrastructure needs.

1. Working with the real property and industrial property offices, the Project Manager shall ensure that a
comprehensive analysis of project infrastructure (real property/facilities, aircraft, personal property,
and information technology IT) needs is performed. This analysis should include infrastructure
required for: staff office space, test (including ground and flight facilities) and integration functions,
research facilities, data systems, logistics and maintenance facilities, aircraft, and personal property and
equipment.

2. The Project Manager, in coordination with the cognizant Center functional office, shall assess existing
Agency wide capabilities to meet infrastructure needs, and also assess whether facilities in other
Government agencies, industry, academia, and international organizations can be utilized to reduce
project LCC and risk. The Project Manager should work with the Program Manager, the MDAA, OCE,
CIO, the Office of Infrastructure, Management, and Headquarters Operations, and other Headquarters
offices to identify means of meeting infrastructure requirements through synergy with other programs
and projects, thus avoiding costly duplication of supporting infrastructure.

3. A business case justification shall be performed for any proposed acquisition or major modification of
infrastructure (e.g., facilities, IT).

i. The business case shall include full life cycle cost (including operations, sustainment, and disposal),
benefit estimates, alternatives and sensitivity analyses, and risk assessments. (For more information on
full cost and practices, see Volume 7 of the NASA Financial Management Requirements.)

il. The business case shall be approved by the cognizant MDAA and by the cognizant NASA
Headquarters functional office, or their designee(s).

4. First in coordination with the cognizant Center functional office, and then with the Headquarters
Office of Infrastructure, Management, and Headquarters Operations, and/or the CIO, as appropriate,
the Project Manager shall develop plans for any necessary upgrades or new developments, including
those needed for environmental compliance (see paragraph 3.2.1.2j), and then document them in the
Project Plan, Part 2, Resources.

5. The Project Manager shall comply with the provisions of NPD 7900.4 and NPR 7900.3, Aircraft
Management Operations, before entering into agreements to procure or operate aircraft that might be
necessary to the success of the project. The Project Manager shall directly coordinate with Center
Chief of Flight Operations or the Headquarters Aircraft Management Office during the planning stage.

6. The Project Manager shall work with the respective offices at NASA Headquarters and Centers to
assure that requisite spectrum allocations and airspace access are available and, if not, to obtain the
necessary approval and permits.

7. The Project Manager shall comply with the provisions of current space transportation laws and
policies, and NPD 8610.7, Launch Services Risk Mitigation Policy for NASA-Owned or
NASA-Sponsored Payloads,and NPD 8610.12, Office of Space Operations (OSO) Space
Transportation Services for NASA and NASA-Sponsored Payloads, involving launch assignment and
acquisition before entering into agreements to procure launch services or launch vehicles. The Project
Manager shall coordinate with the Space Operations Mission Directorate (SOMD) during planning and
formulation for any project requiring launch.

3.2.1.2.g Manage agreements.
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1. Any use of interagency, industry, academic, and/or international cooperation agreements needs to be
addressed early in project formulation. When these agreements are considered for a project, the Project
Manager shall work with the appropriate Headquarters offices and, where necessary, have the
agreements approved by them. All activities and documentation should be consistent with policy
guidelines and with program, Mission Directorate (or Mission Support Office), and Agency-level
agreements.

2. All agreements, memoranda of understanding, barters, in-kind contributions, and other arrangements
for collaborative and/or cooperative relationships shall be identified in the Project Plan, Part 3, Cooperati
Cooperation and Commercialization, and the Project Manager shall maintain signed copies of all such
agreements.

3.2.1.2.h Complete an Acquisition Plan.

1. The Project Manager shall develop an integrated acquisition strategy that enables the project to meet its
mission objectives, provides best value to NASA, and complies with the FAR and the NASA FAR
Supplement. The Project Manager shall ensure that applicable laws, regulations, requirements, and
standards are flowed down from NASA to the prime and sub-contractors. This strategy shall be
documented in the Project Plan, Part 2, Acquisition Management.

1. The Acquisition Plan shall identify all major proposed acquisitions in relation to the project WBS.
ii. The Acquisition Plan shall consider the utilization of NASA in-house capabilities and the maintenance
of NASA's core competencies when making make or buy decisions.
iii. The Acquisition Plan shall identify the project's approach to creating contractor incentives that
strengthen safety and mission assurance.
iv. The Acquisition Plan shall identify significant ($1 million or more) equipment requirements expected
to be acquired or fabricated by contractors in support of the project objectives.

2. If systems contain software, the Project Manager shall ensure that software developed internally within
NASA or acquired complies with NPR 7150.2, NASA Software Engineering Requirements, and NASA
Standard 8739.8, Software Assurance Standard.

3. The Acquisition Plan shall establish a continuous Risk-Based Acquisition Management (RBAM)
process:

1. The project acquisition planning team shall obtain input from Center personnel responsible for safety
and mission assurance, health, environmental protection, information technology, export control, and
security. The goal of this involvement is to ensure that the acquisition is structured to address
appropriately the concerns of these disciplines as they relate to the requirement. (See NFS 1807.104.)

ii. During the solicitation process, any exchanges with industry prior to receipt of offers should include
requests for any perceived safety, occupational health, security (including information technology),
environmental, export control, and/or other programmatic risk issues associated with performance of
the work. Similarly, when technical proposals are required as part of requests for proposals for supplies
or services, offerors shall be instructed to identify and discuss risk factors and their approach for
managing those risk factors (see NFS 1815.201 and NFS 1815.203-72). Where the solicitation requires
submission of a Safety and Health Plan (see NFS 1823.7001(c)), safety and health shall be a
consideration in the evaluation process (also see NFS 1815.305).

i11. Quality assurance surveillance plans shall be prepared with the statement of work for all
performance-based contracts and, as necessary, for other contracts. The Project Manager shall follow
NPR 8735.2, Management of Government Safety and Mission Assurance Surveillance Functions for
NASA Contracts.

iv. Working with SMA, the Project Manager shall ensure that the plans reflect NASA's surveillance
approach relative to the perceived programmatic risk. The plans are general at the outset, but after
contract award, the Contracting Officer shall ensure that the plans are revised to reflect the risks
associated with the successful proposal (see NFS 1846.401 and Procurement Information Circular
02-17).

4. The Acquisition Plan shall be reviewed and approved by the Program Manager prior to initiating any
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major procurement actions as established in Section 3.2.4.

3.2.1.2.i Complete a Safety and Mission Success Plan.

1. The Project Manager shall complete a Safety and Mission Success Plan and ensure close integration
with the appropriate Safety and Mission Assurance (SMA) organization. The resulting plan can be
incorporated into the Project Plan, Part 3, Safety and Mission Assurance.

2. The Project Manager shall perform activities to provide for the early identification, analysis, reduction,
and/or elimination of hazards that might cause the following:

1. Loss of life or injury/illness to personnel;
ii. Damage to or loss of equipment or property (including software);
iii. Unexpected or collateral damage as a result of test;
1v. Failure of mission;
v. Loss of system availability; and/or
vi. Damage to the environment.

3. Project Managers shall establish safety and mission success activities as a part of the continuous risk
management process early in the project formulation process. Specifically, the Project Manager shall:

i. Incorporate health and safety principles in all planning.

i. Perform formal assessment and documentation of each hazard.

iii. Control each hazard in accordance with the reduction protocol in NPR 8715.3, NASA Safety Manual.

iv. Perform a safety assessment or readiness for flight or other operations, explicitly noting any exceptions
arising from safety issues and concerns.

v. Utilize a quality management system in compliance with NPD 1280.1, NASA Management Systems,
and with appropriate supplier assessment and surveillance.

vi. Provide a reliability, maintainability, and parts assurance program appropriate to the needs of the
project.

4. Each project that uses radioactive materials must have an internal NASA process in place for effective
intra-Agency and interagency coordination in obtaining launch approval. Therefore:

1. Each project shall ensure that system designs that use radioactive materials reduce public and worker
exposure to radiation and radioactive materials to levels that are as low as reasonably achievable.

il. Radiological contingency plans, commensurate with the potential health risk to the public, shall be
developed for missions carrying radioactive materials in accordance with NPD 1820.1, NASA
Environmental Health Program, and NPR 8715.3, NASA Safety Manual.

iii. Each project proposing to launch radioactive materials shall fully adhere to the NASA and Executive
branch interagency coordination processes for nuclear launch safety approval in accordance with NPD
1820.1, NASA Environmental Health Program, and NPR 8715.3, NASA Safety Manual.

iv. The Project Manager shall support the NASA Headquarters Office of Safety and Mission Assurance
(OSMA) and the Office of Security and Program Protectio , n in ob, ta , , ining nuclear launch safety
approval.

3.2.1.2.j Complete the Education and Public Outreach Plan. The Project Manager shall develop a plan
that document linkages between science, engineering, technology, and mathematics (STEM), and the unique
project content. Specifically, the plan shall incorporate elements that:

1. Demonstrate a compelling benefit to the public.

2. Show how each project demonstrat , es contributions to developing a pipeline promoting STEM careers
and/or cultivating a workforce in science and technology.

3. Are designed to respond to a need identified by the education community, a customer, or a customer
group (customer focus).

4. Demonstrate the connection to NASA missions and other activities that inspire and motivate the
Nation's students and teachers, to educate the public, and to advance scientific and technological
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capabilities of the Nation.

3.2.1.2.k Complete the Environmental Management Plan.

1. With the support of the cognizant Environmental Management Office (EMO), and in accordance with
NPR 8580.1, Implementing the National Environmental Policy Act and Executive Order 12114, the
Project Manager shall complete the Environmental Management Plan and incorporate it into the
Project Plan, Part 3, Environmental Management.

1. The development of the Environmental Management Plan shall be integrated with the installation
Environmental Management System so as to ensure appropriate approvals, permits, and consultations
are made, and mission delay impacts are avoided or minimized.

ii. The Project Manager shall integrate public, intergovernmental, and interagency involvement with the
Education and Public Outreach Plan.

2. Environmental planning needs to be integrated into project planning efforts early in formulation, as
environmental protection compliance processes can be lengthy. These efforts are accomplished with
the support of the cognizant EMO. Specifically:

1. The Project Manager shall support the Mission Directorate (or Mission Support Office) to ensure the
completion of the NEPA process prior to taking any action which would either (1) have an adverse
environmental impact; or (2) limit the choice of reasonable alternatives. In all cases, the Project
Manager shall ensure the NEPA process, as explained in NPR 8580.1, Implementing the NEPA and
Executive Order 12114, is completed prior to project implementation. The Project Manager should
allow 6 to 18 months to complete the required NEPA documentation.

ii. The project schedule shall include specific milestones for the completion of other documentation
required by nuclear launch safety, and other pertinent NASA regulations, environmental statutes and
regulations, and Executive Orders.

i1i. This documentation shall include an orbital debris assessment, if applicable.

iv. The Project Manager shall, with the EMO, ensure that all required permits, waivers, documents,
approvals or concurrences are obtained to ensure compliance with all applicable Federal, State, Tribal
government, and local environmental regulations.

3. The Project Manager shall comply with the applicable provisions of directives implementing NASA's
planetary protection policy in NPD 8020.7, Biological Contamination Control for Outbound and
inbound Planetary Spacecraft, and NPR 8020.12, Planetary Protection Provisions for Robotic
Extraterrestrial Missions.

3.2.1.2.1 Ensure the security of personnel and physical resources under the control of the project.

1. The Project Manager shall work with the Chief of Center Security to identify and control threats to
personnel, monitor the level of security-cleared personnel, and employ access control devices and
other safeguards.

2. The Project Manager shall employ the recommendations of the Chiefs of Center Security that address
physical security and loss-prevention measures within program and project facilities.

3. The Project Manager shall ensure that emergency response, mitigation, and recovery plans have been
established for the project, in accordance with NPD 8710.1, Emergency Preparedness Program. These
plans should be coordinated with the local Emergency Preparedness Office.

4. Each project shall complete preparations and ensure that response capabilities (to include restoration of
program-unique resources and capabilities) are available when needed.

5. Each project shall ensure that contingency plans are in place to properly secure a mishap site, impound
evidence, and provide necessary notification within the program and to designated Agency notification
contacts.

3.2.1.2.m Provide for information technology security.
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1. The Project Manager shall take actions (appropriate to the level of sensitivity) to protect the integrity,
availability, and confidentiality of project information systems, software applications, data, and
information generated within their projects. This includes classified or sensitive information,
export-controlled information, industry proprietary data, command, control and communications (C3)
information and systems, websites, applications, and information and systems that support NASA's
daily business activities (e.g., e-mail management reporting).

2. Project technical requirements shall include information technology security requirements, in
accordance with NPR 1620.1, Security Procedures and Guidelines, NPR 2810.1, Security of
Information Technology, and NASA Information Technology Requirements (NITR). Specifically, the
Project Manager shall:

1. Conduct risk assessments, determine and implement risk-mitigating technologies or procedures, and

manage residual accepted risks.

ii. Coordinate project security measures with established Center and Headquarters Boards governing
NASA-wide infrastructure security measures.

i1i. Address specific requirements for security of c3 systems and those systems containing or processing
export controlled, proprietary, classified or other sensitive information.

iv. Address requirements for affording or limiting access by citizens of foreign countries involved in the
project.

3.2.1.2.n Provide for export control and foreign involvement.

1. The Project Manager shall comply with the requirements of NPR 2190.1, NASA Export Control
Program.

2. All NASA international agreements contain a clause on transfers of controlled hardware, software
technology, and data both from NASA to foreign partners and from foreign partners to NASA. The
Project Manager shall comply with the clause when transfers are made from NASA to a partner or a
contractor of a foreign country.

3. The Project Manager shall transfer only technical data, hardware, and software necessary to fulfill
NASA responsibilities under international agreements. Specifically:

1. If foreign contracts are anticipated, the Project Manager shall assure that there is appropriate
Headquarters review when required, and that such contracts are prepared with appropriate export
control provisions.

ii. Applicable contracts with U.S. industry that support an international project shall also include
appropriate provisions related to export control requirements.

4. Export control requirements and milestones shall be included in project plans.

5. When foreign nationals are involved, the Project Manager shall plan for internal technology transfer
controls.

6. The Project Manager shall identify export license requirements and shall obtain any required export
licenses prior to exporting.

7. As applicable, the Project Manager shall instruct contractors and partners of NASA obligations under
international agreements, and of their responsibility for obtaining proper authority for any contractor
and partner exports.

8. The Project Manager shall advise foreign partners of the sensitive nature of export controlled
hardware, software, and data prior to transfer.

3.2.2 Cost Estimation

3.2.2.1 Purpose: This activity develops credible cost estimates to support a variety of systems engineering
trade studies, affordability analyses, strategic planning, capital investment decision making, and budget
preparation. It also provides information for independent assessment, as may be required. Good cost
estimation is a critical capability needed to ensure the credibility of the project's resource and financial
decision-making, and in the larger view, of NASA's financial management system. Cost estimating should be
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consistent with the NASA Cost Estimating Handbook.
3.2.2.2 Requirements: The Project Manager and the project team shall:
3.2.2.2.a Develop an initial Life Cycle Cost Estimate (LCCE).

1. The Project Manager shall develop an initial LCCE consistent with the project WBS, schedule, and
performance parameters to form the project estimate (to be included in the initial Project Plan, Part 2,
Resources.)

1. All cost and workforce estimates shall be summarized according to the NASA standard product line
WBS and time phased by Government Fiscal Year (GFY).
ii. The project estimate shall always use the latest available full cost accounting initiative guidance and
practices.

2. The project estimate shall include reserves, along with the level of confidence provided by the
reserves.
3. (3) Upon completion of the initial LCCE, the Project Manager shall provide it to the Program Manager.

3.2.2.2.b Prior to the NAR, update the project estimate.

1. The Project Manager shall ensure that all elements of the project LCCE are internally consistent and
have been updated in time for the NAR (at which time it is designated the NAR estimate).

2. In the event that the (Category I and II) project LCCE and ICE do not agree and cannot be reconciled,
the OCFO Cost Analysis Division will provide a recommended cost position to the MDAA (or
MSOD), Chief Financial Officer, and Chief Engineer, who together will make a recommendation to
the Agency or Mission Directorate PMC. The Project Manager shall defer to their decision.

3.2.3 Systems Engineering

3.2.3.1 Purpose: The purpose of systems engineering is to ensure that the project accomplishes its goals in
the most technically robust and cost-effective way possible. Systems engineering provides the integrating
technical processes to define, develop, produce and operate the project's systems. As such, the processes
involved in systems engineering span the project life cycle and the total technical effort. During formulation,
the focus of systems engineering is on planning the systems engineering effort, obtaining and validating a set
of system requirements, performing systems analysis to ensure that effective choices are made, defining the
preferred system solution through a preliminary design, and planning system verifications and validations.
During formulation, these activities lead to the project's NAR Baseline for which implementation approval is
sought. (See Figure 3-1.)

3.2.3.2 Overall the flow of the detailed systems engineering processes described below is iterative with any
one phase of the system/product lifecycle and is recursive at lower and lower levels of the system structure.
Any or all of the processes may need to be repeatedly used in the orderly progression of the project baseline.
As an example of the iterative nature, during the course of trade studies, specific requirements, interfaces, or
design solutions may be identified as non-optimal and changed to increase system-wide performance,
achieve cost savings, or meet scheduling deadlines. As an example of the recursive nature, requirements
definition occurs at the system level and also at the subsystem and component levels. Even though it occurs
at different times in the system/product lifecycle, the same process is applied.

3.2.3.3 Requirements: The Project Manager and the project team shall:
3.2.3.3.a Plan systems engineering tasks.

1. The Project Manager shall establish the project's overall systems engineering scope and approach, and
document it in the Project Plan, Part 3, Systems Engineering.

1. The Systems Engineering Plan shall comply with an Agency-approved systems engineering standard.

NPR 7120.5C -- Chapter3 Printed: 11/05/2007 12:34:08 Pageiof 184



NPR 7120.5C -- Chapter3 Downloaded from http://www.everyspec.com Printed: 11/05/2007 12:34:08 ~ Page 35 of 184

ii. The Systems Engineering Plan shall describe how the standard's systems engineering processes will be
instantiated by the project, including metrics, and shall identify any deviations and waivers from the
standard.

2. The Project Manager shall identify and plan a series of cost-performance trade studies.26

1. These trade studies shall, as a minimum, consider safety, performance, life cycle costs, project risks,
technology alternatives, schedule, environmental concerns, operations and logistics, and infrastructure
issues.

ii. In performing these trade studies, the Project Manager shall evaluate the advantages and risks of
securing elements of the project from outside sources including partnerships and co-ventures with
other government agencies, academia, industry, and foreign organizations.

3. The Project Manager shall plan software engineering tasks per NPR 7150.2, Software Engineering
Requirements and NASA Standard 8739.8, Software Assurance Standard.

3.2.3.3.b Define, validate, and manage project requirements. The Project Manager and project team shall
flow down program requirements to define a validated set of high-level project requirements prior to entering
implementation. 27

26 The terms, trade studies, trades, tradeoff analyses, and analysis of alternatives are often used
interchangeably, even though the scope of such activities may vary widely.

27 AO-driven projects in the Discovery Program, for example, generate Level 1 requirements from the Step
2 proposalOs Concept Study Report, rather than the Program Plan. The requirements are then documented
as an appendix to the Program Plan. .

3.2.3.3.c Perform system analyses. The Project Manager and project team shall complete planned
cost-performance trades such as Analysis of Alternatives (AoA) studies, Cost as An Independent Variable
(CAIV) assessments, mission success probability assessment, and other systems analyses. (Reference
L.2.a(8) provides useful detailed information on planning and conducting a formal AoA.)

1. Early in formulation, and in cooperation with the customer, the Project Manager shall define key
performance parameters (KPPs) for the project that are selected on the basis of their close relationship
with mission success criteria. These KPPs should appear in trade studies as measures of effectiveness
and/or measures of performance.

2. As aresult of these studies and analyses, but prior to the end of formulation, the Project Manager shall
specify quantitative values (a goal value and a threshold value) for each KPP, which will then be
incorporated into the Project Baseline (along with the related mission success criteria, schedule, and
LCCE) and which will be used to evaluate project performance. For each KPP, the goal is the
performance level that the project team is striving for, and the threshold is the minimum performance
level that the MDAA (or MSOD) and Program Manager agree is acceptable for the system-of-interest
or end item deliverable.

3. As a result of these studies and analyses, the Project Manager shall also establish a close link between
each KPP and project technical performance requirements.

4. The Project Manager shall provide the final quantitative values of each KPP to the independent
assessment (IA) organization as part of the NAR Baseline.

3.2.3.3.d Define a preferred system design. The Project Manager and project team shall collect and allocate
project requirements into an implementable architecture. This activity typically leads to a preliminary design
of the system(s) to be developed.

3.2.3.3.e Plan verification and validation efforts. The Project Manager and the project team shall complete
the Verification and Validation (V&V) Plan and incorporate it into the Project Plan, Part 3, Test and
Verification.
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1. (1) The V&V Plan shall clearly identify the approach to the verification of each requirement.

2.(2) The V&V Plan shall include software/hardware integration and appropriate independent
verification and validation of software.

3. (3) The V&V Plan shall clearly identify the approach to system validation.
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Figure 3-1. Systems Analysis and Trade Study Activities During Formulation
3.2.4 Independent Technical Authority

3.2.4.1 Purpose: The purpose of ITA is to establish sound technical requirements and decisions for safe and
reliable system operations. During formulation, ITA establishes technical requirements as part of the
project's planned technical approach, once the high-level requirements have been defined by the Mission
Directorate (or Mission Support Office).

3.2.4.2 The NASA Chief Engineer has established ITA through a system of Technical Warrant Holders
(TWHs), who are funded independently of programs and projects. The TWHs are also administratively in a
separate management and reporting chain from the program and project. Ideally, the TWH is organic with the
project and may also serve as the lead system engineer for the project (or project chief engineer). Once the
high-level requirements have been defined by the Mission Directorate (or Mission Support Office), the
TWH, with support from the Project Manager and project team, establishes and maintains the subordinate
technical requirements. For requirements associated with safe and reliable operations involving human
safety, the TWH is the final authority. For requirements that do not affect safe and reliable operations
involving human safety, the Project Manager is the final authority with input from the Technical Warrant
Holders. When unresolved issues exist between the Project Manager and the TWH, the Project Manager and
the TWH will each raise the issue up their respective reporting chains for adjudication.

3.2.4.3 Requirements: During formulation:

3.2.4.3.a Early in project formulation, the Project Manager, in consultation with the MDAA (or MSOD),
shall recommend a Technical Warrant Holder. The NASA Chief Engineer selects the Technical Warrant
Holder.

3.2.4.3.b Once the high-level requirements have been defined by the Mission Directorate (or Mission
Support Office), the Project Manager shall support the TWH in the establishment and maintenance of the
subordinate technical requirements.

1. (1) The Project Manager shall defer to the TWH in determining which standards and requirements
affect safe and reliable operations involving human safety.
ii. (i1) The Project Manager shall only accept variances regarding technical standards and requirements
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affecting safe and reliable operations involving human safety when approved by the TWH. This does
not preclude the Project Manager from requiring more extensive investigation.

3.2.4.3.c The Project Manager shall communicate unresolved conflicts with the TWH to the Program
Manager, and then to the appropriate MDAA (or MSOD) if required. Likewise, the TWH reports unresolved
conflicts with the Program/Project Manager to the NASA Technical Authority (NASA Chief Engineer).

3.2.5 Project Assessment and Control

3.2.5.1 Purpose: Through the project assessment and control activity, the Project Manager provides direction
and exercises control over all aspects of the project. The purpose of this activity is to maintain
synchronization between project plans and requirements, and the resources to be allocated to meeting them,
using elements of the Project Plan, budgets, schedules, KPPs, and supplier, partner, and customer
agreements. This activity provides the Project Manager with accurate feedback and information on the status
and conduct of the project against plans, KPPs, technical and operational requirements, risks, schedules,
supplier and other agreements, budgets, and other resources.

3.2.5.2 Requirements: The Project Manager and the project team shall:
3.2.5.2.a Begin to execute the Project Control Plan as early as practical in formulation.

1. The Project Manager shall review the EVM guidance provided in paragraph 3.4.3.2 to determine the
appropriate application of EVM to the project.

2. The Project Manager shall develop a Project Control Plan and incorporate it into the Project Plan, Part
3, Project Control.

3. The Project Manager shall ensure that all elements of the Project Control Plan are fully operational
prior to the NAR.

3.2.5.2.b Establish and conduct a continuum of technical and management reviews.

1. Reviews provide a venue for communication, coordination, and integration of project activities. The
Project Manager shall develop a Project Review Plan and incorporate it into the Project Plan, Part 3,
Reviews.

2. The Project Manager shall conduct the formulation phase internal reviews, as specified in the Project
Review Plan, to ascertain the status of the project, and to provide an integrated, independent technical
assessment of the project's technical risk, and its readiness to proceed to the next level of maturation.

3. At each such review, the Project Manager shall synthesize and document engineering and management
inputs, issues, and recommendations (e.g., Review Iltem Discrepancies, Requests for Actions).

1. All such review inputs shall be subsequently analyzed and recommendations/action items tracked and
dispositioned.
ii. An index of review inputs and recommendations shall be maintained and made available at all
subsequent reviews.

3.2.5.2.c Establish and implement configuration management. The Project Manager shall develop a
gé)nﬁguration Management Plan and incorporate it into the Project Plan, Part 3, Configuration Management. 2¢

28 various supporting engineering disciplines have specific configuration management policies and
procedural requirements that support project-level configuration management. (See NPR 7150.2 for content
requirements for software configuration management plans.)

3.2.5.2.d Put in place a comprehensive risk management decision making process.
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1.

1l.

iii.

1v.

Vi.

In accordance with NPR 8000.4, Risk Management Procedures and Guidelines, the Project Manager
shall establish a continuous risk management (CRM) process that identifies risks; analyzes their impact
and prioritizes them; develops and carries out plans for risk mitigation or acceptance; tracks risks and
the implementation of mitigation plans; supports informed, timely, and effective decisions to control
risks and mitigation plans; and assures that risk information is communicated and documented. (The
CRM process is shown in Figure 2-1.)

. The Project Manager and project team shall develop a Risk Management Plan that meets the program

requirements for CRM processes as described in paragraph 2.2.2.d and incorporate it into the Project
Plan, Part 3, Risk Management.

. Risk identification shall involve the entire project team to assess all identifiable risks and project

constraints up front. If an Independent Assessment (IA) has been performed, the project shall include
the risks identified during the assessment as input.

. Each project shall follow the CRM process steps as shown in Figure 3-2; this process is iterated

throughout the project life cycle. Specifically, the Project Manager and the project team shall:

. Identify. Develop the risk statements in terms of condition and consequence(s); capture the context of

the risk scenario; e.g., what, when, where, how, and why. Tools such as Failure Modes and Effect
Analyses (FMEA), Probabilistic Risk Assessment (PRA), and Fault Tree Analyses (FTA) can be used
to identify risks. During engineering product development, risk will be identified and addressed in the
final product as part of a risk management plan, in accordance with systems safety engineering
practices.

Analyze. Evaluate risk probability, impact/severity, and timeframe (when action needs to be taken);
classify/group with similar/related risks; and prioritize. Tools such as 