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SUMMARY OF SIGNIFICANT CHANGES

This document has been cleared for publication under OMB approval number 1315-0239, which
expires 9/30/2022. The purpose of this revision is to update the material and to improve the
clarity and legibility of the guide for the targeted audience of users both inside and outside NSF.
A summary of the changes for this revision is given below. Footers within each section of this
document indicate the last revision date of the content in that section, while all page headers in
the document include the date and NSF number of the current version of the Major Facilities
Guide.

10.

11.

Replaced the title of this document from “Large Facilities Manual” to “Major Facilities
Guide” and “Large Facility” to “Major Facility” throughout the document to align with the
American Innovation and Competitiveness Act (AICA) terminology.

Revised Section 1.1, Purpose and Scope, to provide the basis for the use of cooperative
agreements and contracts.

Revised Section 1.2, Precedence, to clarify the order of precedence for regulations and
NSF documents.

Updated and moved the NSB Policies on Recompetition and No Cost Overrun from other
sections of the guide to Section 1.4, Applicable Legislation and NSF Policy.

In Section 1.4, Applicable Legislation and NSF Policy, added the definition for mid-scale
project.

Revised Section 2.1.3, The Major Facility Life Cycle, to clarify the five different stages of a
facility’s life cycle and the exit process from the Development Stage to Design Stage.

New material was introduced in Section 2.1.4, Summary of the Major Facility
Implementation Process, on spiral development.

Figure 2.1.4-1, Summary Timeline for Major Facility Projects (Development and Design),
was revised to clarify the two levels of oversight of major facilities within NSF.

In Section 2.1.6, Roles and Responsibilities for NSF Staff for Management and Oversight
of Major Facilities, various edits and updated Figures were made throughout to add the
Chief Officer for Research Facilities position, the Major Facilities Working Group, the
Facilities Readiness Panel and the Facilities Governance Board and to delete the Large
Facilities Working Group and the MREFC Panel.

Previous LFM version Section 2.4.2, Commissioning Plan, was moved to Section 3.4.2,
Detailed Guidelines for Project Execution Plans.

New material was added to the reserved subsection 2.4.2.1, Project Close-out Process.
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12. Moved material on annual reporting compared to planned from Section 4.2 to Section
2.5.1 under Annual Work Plan.

13. Moved the material on application of the guide to non-major facility projects from
Section 2 to Section 5 Guidance for Mid-Scale Research Infrastructure Projects and
revised content.

14. Material was removed from Section 3.2, NSF Facility Plan [Reserved], and this section is
reserved.

15. Revised Section 3.3, NSF Internal Management Plans for the Major Facility Life Cycle, to
clarify NSF expectations for internal management plans.

16. Revised Section 3.4.1, Components of a Project Execution Plan, and added material to
the reserved Section 3.4.2, Detailed Guidelines for Project Execution Plans, to clarify
Commissioning and to add a requirement for a segregation of funds plan.

17. In Section 3.5.2, Procedures for Renewal or Recompetition of an Operating Major Facility,
updated the issues for reconsideration for alignment with internal guidelines.

18. New material was added to reserved Section 3.6, Facility Divestment Plan, to describe
potential elements of a transition plan from NSF stewardship to divestment. Sections
2.1.3 and 9.2 were revised to clarify the range of options for the Divestment Stage.

19. In Section 4.2, Cost Estimating and Analysis, major revisions were made to Sections 4.2.1
through 4.2.4 to clarify NSF guidance and requirements to ensure alignment with GAO
guidelines and subsection 4.2.2.3 was added on the application of GAQO’s twelve steps of
a high-quality cost estimating process.

20. Edited subsection 4.2.2.4, Supplementary Guidance for NSF Budget Categories from the
PAPPG, to clarify the difference between subawards and contracts for alighment with the
Uniform Guidance 2 CFR § 200.331, to emphasize Subrecipient monitoring requirements,
and to update the NSF Budget Categories as related to Fee.

21. Subsections 4.2.5.1 and 4.2.5.2 were edited to move the “No Cost Overrun” policy
language to Section 1.4 and clarify when the total project cost is established.

22. Revisions were made to Subsections 4.2.5.1 and 6.2.3.1 and the Lexicon, Section 9.2, to
clarify the definitions of management reserve and contingency.

23. Subsection 4.2.5.8, Reporting Requirements, and Section 4.6.2, Recipient Performance
Reports, was edited to clarify the required content of the monthly construction stage
reports and to remove redundancies.

24. Section 4.2.6, Budget Contingency Planning during the Operations Stage, was revised to
include strategies to handle risks on operations awards.
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Section 4.3, Schedule Development, Estimating, and Analysis, was created and reserved
for future content to provide NSF guidance and requirements for construction schedules
and to ensure alignment with GAO guidelines.

Edited subsection 4.6.3.3, Business Systems Reviews (BSR), to delete the five-year cycle
requirement for BSRs and add language regarding the annual major facility portfolio risk
assessment.

Edited subsection 4.6.3.4, Incurred Cost Audits, to change the threshold for incurred cost
audits to $70M and the name of the financial data collection tool and update Figure
4.6.3-1.

New material was added to the reserved Section 4.6.3.6, Earned Value Management
Verification, Acceptance, and Surveillance, on the NSF requirements and process for
verifying construction project EVM systems.

New material was added to the reserved Section 6.3, Guidelines for Cyber-Security of
NSF’s Major Facilities, on the implementation and monitoring of cyber-security good
practices.

New material was added to the reserved Section 6.6, Guidelines for Property
Management, on requirements for managing and disposing of property furnished by the
Federal government or whose cost was charged to a project supported by a Federal
award.

New material was added to the reserved Section 6.8, Guidelines for Earned Value
Management Systems, on implementation and scalability for effective project
management controls.

New acronyms (5) for new roles introduced in Section 2.1.6 were added to Section 8, List
of Acronyms.

Section 9, Lexicon, contains a revised and updated Large Facility definition to Major
Facility, additional terms, Independent Cost Estimate Review and Research
Infrastructure, and updated definitions of terms (5) used in Section 4.2.

Revised numerous references to MREFC used to reference the construction stage of a
major facility’s life cycle to reflect the definition in Section 1.4.3, Major Multi-User
Research Facility Project (Major Facility).

Corrections were made to various minor typographical errors and formatting errors.
Document references were updated to latest versions where applicable.
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1 INTRODUCTION
1.1 PURPOSE AND SCOPE

A major responsibility of the National Science Foundation (NSF) is the support of scientific
facilities as an essential part of science and engineering enterprise. Facilities are defined as
shared-use infrastructure, instrumentation and equipment that are accessible to a broad
community of researchers and/or educators. These facilities are generally intended to serve the
science community that is critical to supporting innovation across the nation. Facilities
supported by NSF may be centralized or may consist of distributed-but-integrated installations.
They may incorporate large-scale networking or computational infrastructure, multi-user
instruments or networks of such instruments, or other infrastructure, instrumentation, and
equipment having a major impact on a broad segment of a scientific or engineering discipline.
Historically, NSF has supported such diverse projects as particle accelerators, telescopes,
remote research stations, research vessels, aircraft, and geographically distributed but
networked observatory systems.

In general, NSF does not directly construct or operate the facilities it supports. The National
Science Foundation Act of 1950 (“Organic Act,” Public Law 81-507) establishes that the
“principal purpose” of NSF’s relationship with award Recipients is to fund and facilitate
scientific and engineering research and education programs, and to appraise the impact of
research upon industrial development and upon the general welfare. It states that NSF “shall
not, itself, operate any laboratories or pilot plants”. NSF makes awards to external Recipients
that include nonprofit organizations, universities, and private sector (industry) to undertake
construction, management, and operation of facilities. Such awards frequently take the form of
cooperative agreements but may also be made in the form of contracts. The reasons underlying
the selection of the cooperative agreement as the preferred award instrument are:

e Scientific justifications, design and specifications for facilities are prepared by science
and engineering communities, and management and operations are conducted on their
behalf;

e The facilities do not support NSF nor does NSF permanently station government
personnel on-site;

e NSF involvement is to assure sufficiency of progress to justify continued sponsorship,
and its award administration and oversight activities are not conducted for purposes of
inspection or acceptance; and

e NSF does not maintain the unilateral right to change or redirect work under the
agreement.

However, NSF’s responsibility is for overseeing the Recipient’s development and management
of the facility as well as assuring the successful performance of the funded activities. The
Recipient is responsible for the day-to-day management of the facility.

Section Revision: 1.1-1
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Cooperative agreement is the legal award instrument that reflects the above described
relationship. Federal Grant and Cooperative Agreement Act (“Grant Act,” Public Law 95-224)
requires that executive agencies use cooperative agreements when the “principal purpose” of
the relationship between the agency and a non-federal entity is to “transfer a thing of value” to
the non-federal entity “to carry out a public purpose of support or stimulation authorized by a
law of the United States,” and “substantial involvement is expected” between the agency and
the non-federal entity in carrying out the activity contemplated by the agreement.

NSF uses cooperative agreements (CAs) to fund the construction and operation and
maintenance (O&M) of large-scale research facilities. Cooperative agreements with universities,
consortia of universities or non-profit organizations are governed by OMB Uniform Guidance.?
Under the Uniform Guidance, cooperative agreements structure allows for additional oversight
and accountability mechanism to be built into the agreements. Cooperative agreements also
afford flexibility to tailor project-specific requirements and performance metrics. Unlike a
contract, these can be readily adjusted as needed to ensure the appropriate rigor in oversight
with relatively minimum administrative and time burdens.

Many major facility awards, including those for NSF-supported Federally Funded Research and
Development Centers (FFRDCs), consist of a cooperative agreement as an umbrella award,
establishing the overall basic provisions of the award, and separate cooperative support
agreements. The cooperative support agreements contain specific terms and conditions for
construction activities, management and operations, research activities that are co-sponsored
by other agencies, and any other focused activities that NSF needs to monitor separately from
the overall objectives of the cooperative agreement.

Procurement contracts could be used in circumstances where the agency “decides in a specific
instance that use of a procurement contract is appropriate.” Federal Acquisition Regulation
(FAR) states that “contracts shall be used only when the principal purpose is the acquisition of
supplies or services for the direct benefit or use of the Federal Government”. The policies and
procedures in this Guide apply to research infrastructure projects regardless of the award
instrument employed. When using contracts, the FAR will take precedence in event of conflict.?

1 2 Code of Federal Regulation (CFR) § 200. The Office of Management and Budget's (OMB) Uniform Administrative
Requirements, Cost Principles, and Audit Requirements for Federal Awards (commonly called "Uniform Guidance") was
officially implemented in December 2014 by the Council on Financial Assistance Reform (COFAR). The Uniform Guidance —a
"government-wide framework for grants management" — synthesizes and supersedes guidance from earlier OMB circulars

2 See Guide to the NSF Contracting Process for information related to NSF contracts.
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The Major Facilities Guide (MFG) contains NSF policy on the planning and management of
major facilities through their full life cycle!. The purpose of the Guide is to:

e Provide guidance to NSF staff on conducting oversight of major facilities and to
Recipients in carrying out effective project planning and management, and

e Clearly state the required policies and procedures as well as pertinent guidance and
practices at each stage of a facility’s life cycle.

NSF typically supports facility construction from two appropriations accounts: the Major
Research Equipment and Facility Construction (MREFC) Account and the Research and Related
Activities (R&RA) Account, but additional support may come from Education and Human
Resources (EHR) Accounts. The MREFC Account was created in 1995 to fund the acquisition,
construction, commissioning, and upgrading of major science and engineering infrastructure
projects that could not be otherwise supported by Directorate level budgets without a severe
negative impact on funded science. MREFC projects generally range in cost from seventy million
to several hundred million dollars expended over a multi-year period. The R&RA account is used
to support other activities involving a major facility that the MREFC Account cannot support,
including planning and development, design, operations and maintenance, and scientific
research. Construction and acquisition projects at a smaller scale, usually of a scale ranging
from millions to tens of millions of dollars, are also normally supported from the R&RA Account.
The provisions and principles in the Major Facilities Guide should also be applied to these
smaller-scale facilities funded through the R&RA Account, but procedures should be modified
appropriately to fit the needs of each facility (see Section 5).

The policies in the Major Facilities Guide apply to the full life cycle of all major facility projects
funded by NSF, including:

e Facilities and infrastructure projects constructed or acquired with funds from the
MREFC Account;

e Facilities and infrastructure projects constructed or acquired with funds from the R&RA
(and/or leveraged with EHR Accounts) with a total project cost (TPC) greater than $100
million or that require National Science Board (NSB) authorization; whichever is less.

The policies in this Guide are also tailored for mid-scale research infrastructure projects as
described in Section 5.

If, on a case-by-case basis, departures from the policies in this Guide are considered necessary
or prudent, the Recipient must provide a written justification and discuss proposed deviations
with the Program Officer, Large Facilities Officer (LFO) Liaison, and Grants and Agreements
Officer or Contracting Officer as early as possible. Agreed upon deviations should be

1There are five stages in a facility’s life cycle — development, design, construction, operations, and divestment. Section 2 of this
Guide describes each of these stages in detail.
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documented as part of the NSF Internal Management Plan (IMP) or the Recipient’s Project
Execution Plan (PEP), as appropriate.
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1.2 PRECEDENCE

The Major Facilities Guide (MFG) comprises Chapter II.E.11 of the Proposal and Award Policies
and Procedures Guide (PAPPG) and published as a public document under separate title. The
MFG is managed by the Office of Budget, Finance and Award Management’s (BFA) Large
Facilities Office (LFO) and available on the LFO public website
(https://www.nsf.gov/bfa/Ifo/index.jsp) as well as through the internal LFO website. This
version replaces the Large Facilities Manual, NSF 17-066, published in 2017, and incorporates
changes in organization and content intended to clarify the policies and procedures by which
Major Facility candidate projects are identified, developed, prioritized and selected.*

The MFG requirements flow from other NSF policies and statutory requirements. The hierarchy
of documentation?, in order of precedence, is as follows:

1. 2 CFR, part 200: Uniform Administrative Requirements, Cost Principles, and Audit
Requirement for Federal Awards (Uniform Guidance).

The Solicitation and subsequent Award Terms and Conditions

NSF Proposal & Award Policies and Procedures Guide (PAPPG): The PAPPG is comprised
of documents relating to the Foundation's proposal and award process for the
assistance programs of NSF. The PAPPG, in conjunction with the applicable award terms
and conditions, serves as the Foundation’s implementation of the Uniform Guidance.

Major Facilities Guide (MFG): as referenced in the PAPPG
5. Business Systems Review (BSR) Guide

The MFG does not replace existing formal procedures required for all NSF awards, which are
described in the publically available Proposal and Award Policies and Procedures Guide
(PAPPG). Instead, it draws upon and supplements them for the purpose of providing detailed
guidance regarding NSF management and oversight of facilities projects.

All facilities projects require merit review, programmatic/technical review, and a substantial
approval process. This level of review and approval differs substantially from standard grants,
as does the level of oversight needed to ensure appropriate and proper accountability for
federal funds. The policies, requirements, recommended procedures, and good practices
presented herein apply to any facility large enough to require interaction with the NSB or any
facility so designated by the Director, the Deputy Director, or the Assistant Director/Office Head

1See the Joint National Science Board —National Science Foundation Management Report: Setting Priorities for Large Facility
Projects Supported by the National Science Foundation (NSB-05-77); September 2005

2 Assumes assistance awards, contract awards are governed by the Federal Acquisition Regulation (FAR) and requirements will
be tailored as applicable to FAR.
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of the Sponsoring Organization(s).! For all other facilities, NSF staff members should use their
judgment in proportionately scaling the requirements and recommended procedures for
specific projects.

This Guide will be updated periodically to reflect changes in requirements and/or policies. As
part of the NSF Major Facilities Knowledge Management program, NSF will continue to identify
and adopt good practices aimed at improving agency oversight and Recipient management of
major facilities projects and at enabling the most efficient and cost-effective delivery of tools to
the research and education communities.

1See Section 2.1.6 for definition of this and other key terms. It also describes the NSF organizations and officers that are
involved throughout the initiation, development, approval and implementation of a major facility project. Readers not familiar
with NSF and its processes should review this material before proceeding.
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1.3 DOCUMENT STRUCTURE

This Guide is organized as follows:
e Section 1 introduces the purpose, scope, and historical perspective of this document.

e Section 2 describes the life cycle stages and the process and principles NSF uses to plan,
construct and operate major facilities. The steps for approval and execution of major
research facility projects and the roles and responsibilities of NSF staff are detailed.

e Section 3 describes the requirements for preparing and following the various detailed
management plans required during the life cycle of a major facility, including Recipient’s
plans and guidance for NSF’s Internal Management Plans (IMPs).

e Section 4 is an expanded compendium of several NSF key requirements and principles
listed in Sections 2 and 3. It includes detailed descriptions of processes used to plan,
acquire, and manage major facilities.

e Section 5 is guidance on scaling the Major Facilities Guide’s principles to mid-scale
projects.

e Section 6 contains extensive supplementary information on specific topics concerning
NSF’s role in the planning, oversight, and assurance of major facility projects. It consists
of sections containing important explanatory and procedural information and pointers
to separate documents (or modules) with similar information. The information in the
documents is presented in a tutorial format that should be of particular benefit to
individuals who are newly involved with major facility projects.

e Sections 7, 8, and 9 contain reference material: document references, list of acronyms,
and a lexicon.

e Section 10 contains appendices contain other information relevant to construction
projects and major facilities.

This Guide is intended for use by NSF staff and by external proponents of major facility projects
for use in planning. However, there are occasional references to materials, such as the NSF
Proposal and Award Manual* (PAM) and internal operating guidance documents, which are
available only internally to NSF staff and refer to details of NSF administrative practices and
procedures that are not relevant to external project proponents. Wherever these internal
references are included, they are clearly noted as such. Any questions about the content of
internal NSF documents by external proponents or Recipients should be addressed to the
appropriate Program Officer.

Owing to the rigor of merit and programmatic review, constraints on funding, changing
priorities and competing interests of NSF and the research community, only a limited number
of projects will proceed successfully through all stages described herein. To improve the
possibility of success, facility advocates should be thoroughly familiar with the entire contents

1The NSF Proposal and Award Manual is a compendium of internal policies and procedures.
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of this Guide even if the proposed project is in the earliest stages of formulation. Anticipating
downstream requirements will dramatically improve the efficiency of the process.
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1.4 APPLICABLE LEGISLATION AND NSF POLICY
1.4.1 Research Infrastructure

NSF defines Research Infrastructure (RI) as any combination of facilities, equipment,
instrumentation, computational hardware and software, and the necessary human capital in
support of the same. Major facilities and mid-scale projects are subsets of research
infrastructure. NSF's Research Infrastructure investments are described in the agency's annual
budget request to Congress.

1.4.2 MREFC Threshold

NSF Director Memo NSB-2016-46 to the National Science Board dated October 20, 2016
informed the Board of the Director’s decision to reduce the Total Project Cost (TPC) threshold
for MREFC account eligibility to $70 million. This modification to the previous threshold of 10%
of a Directorate’s or Office’s Current Plan was intended to enable innovative infrastructure
projects.

1.4.3 Major Multi-User Research Facility Project (Major Facility)

Per Section 110 of the 2017 American Innovation and Competitiveness Act (AICA), a major
multi-user research facility project is a science and engineering facility project that:

(A) exceeds the lesser of (i) 10 percent of a Directorate’s annual budget; or (ii)
$100,000,000 in total project costs; or

(B) is funded by the major research equipment and facilities construction account, or any
successor account.

For the purposes of this Guide, the term Major Facility is used throughout to equate to the
Congressional term Major Multi-User Research Facility Project.

NSF interprets this to mean the Total Project Costs (TPC) as defined by the Construction Stage;
NOT the full life-cycle cost. This aligns with the allowable use of MREFC account which is for
construction, acquisition and commissioning. This interpretation applies to projects funded
through MREFC or R&RA.

1.4.4 Mid-Scale Project

Per Section 109 of AICA, a mid-scale project means research instrumentation, equipment, and
upgrades to major research facilities or other research infrastructure investments that exceeds
the maximum funded by the Major Research Instrumentation program (MRI) and are below
that of a major multi-user research facility project. The definition of major multi-user research
facility projects is given in Section 1.4.3 of this Guide.
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NSF interprets this to mean the Total Project Cost (TPC) as defined by the investment in
construction or acquisition; not the operations or associated science program costs.

1.4.5 National Science Board Policy on Recompetition

NSB statement 2015-45 and resolution 2015-46 address competition, renewal, and divestment
of major facilities. The NSB issued a statement that the question of whether to recompete or
not should be assessed at the time of every potential renewal. Competitions would be launched
when the NSF, in consultation with the NSB, judges that it is necessary to ensure the optimum
scientific impact and the most effective use of taxpayer dollars.?

1.4.6 NSF “No Cost Overrun” Policy

NSF’s “No Cost Overrun” policy was originally codified for major facility projects in the Fiscal
Year (FY) 2009 Budget Request to Congress? which reads:

“NSF is implementing a ‘no cost overrun’ policy, which will require that the cost estimate
developed at the Preliminary Design Stage have adequate contingency to cover all
foreseeable risks, and that any cost increases not covered by contingency be
accommodated by reductions in scope. NSF senior management is developing
procedures to assure that the cost tracking and management processes are robust and
that the project management oversight has sufficient authority to meet this objective. As
project estimates for the current slate of projects are revised, NSF will identify potential
mechanisms for offsetting any cost increases in accordance with this policy.”

The policy has been continually reinforced in subsequent budget requests to Congress for the
purpose of instilling diligence and rigor in establishing the Total Project Cost (TPC) at award and
a strong NSF oversight position for major facility projects.

1See NSB Statement on Recompetition of Major Facilities -

NSB-2015-45, https://www.nsf.gov/nsb/publications/2015/NSBStatementRecompetitionFacilities 2015-11-19.pdf, and
NSB Resolution on Recompetition of Ongoing Facilities -

NSB-2015-46, https://www.nsf.gov/nsb/publications/2015/NSBResolutionRecompetitionFacilities 2015-11-19.pdf

2 See the MREFC Section of the NSF’s 2009 Budget Request to Congress, page 3, available online.
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2 MAIJOR FACILITY LIFE CYCLE AND MAIJOR FACILITY OVERSIGHT
2.1 PROCESS INTRODUCTION

National Science Foundation (NSF) investments through the Major Research Equipment and
Facility Construction (MREFC) Account provide state-of-the-art infrastructure for research and
education, such as laboratory and field instrumentation and equipment, multi-user research
facilities, remote research stations, distributed instrumentation networks and arrays, and
mobile research platforms. In addition, investment is increasing in highly sophisticated
information technology (IT)-based infrastructure, including distributed sensor networks,
extensive data-storage and transmission capabilities, advanced computing resources, and
Internet-based distributed user facilities.!

This section describes the overall major facility life cycle as well as the roles and responsibilities
of the various participants for oversight. It provides guidelines for planning and managing major
research infrastructure facilities. Because each facility has unique aspects, each project
necessarily requires adaptation of general principles. NSF promotes flexibility in the application
of these guidelines but requires justification and substantiation for the specific approach taken
in each case. That is accomplished through the processes of formal planning, documentation,
and review.

1 These resources, many of which are now in development, are collectively known as “cyber infrastructure.”
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2.1.1 Definition of the MREFC Account

The MREFC Account is an agency-wide capital account, created in 1995 with Congressional
approval, which provides funding to establish major science and engineering infrastructure
projects. Specifically, the MREFC Account is intended to:

e In accordance with legislation, provide a special account specifically for acquisition,
construction and commissioning of major facilities and other infrastructure projects,
including major upgrades;

e Prevent large periodic obligations from distorting the budgets of NSF Directorates and
program offices; and

e Ensure availability of resources to complete large projects that are funded over several
years.?

The MREFC Account funding is specifically for the construction stage. It cannot be used to
support other activities related to the development, design, operations or divestment stages as

defined in other sections of this Guide.

The MREFC threshold is set by internal NSF Policy (See Section 1.4.2).

1 Reliable long-term funding commitments are essential to maintaining partnerships and for preventing cost overruns due to
schedule delays.
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2.1.2 Eligibility for MREFC Funding

To be eligible for consideration for MREFC funding, each candidate project should represent an
outstanding opportunity to enable research and innovation, as well as education and broader
societal impacts. Each project should offer the possibility of transformative knowledge and the
potential to shift existing paradigms in scientific understanding, engineering processes and/or
infrastructure technology. Moreover, each should serve an urgent contemporary research and
education need that will persist for years beyond the often-lengthy process of planning and
development.

In addition, a candidate project should:
e Be consistent with the goals, strategies and priorities of the NSF Strategic Plan;*

e Establish a long-term tools capability accessible to an appropriately broad community of
users on the basis of merit;

e Require large investments for construction/ acquisition, over a limited period of time,
such that the project cannot be supported within one or more NSF Directorate(s)/
Office(s) without severe financial disruption of their portfolios of activities;

e Have received strong endorsement of the appropriate science and engineering
communities, based upon a thorough external review, including an assessment of
(1) scientific and engineering research merit, (2) broader societal impacts,
(3) importance and priority within the relevant Science and Engineering communities,
(4) technical and engineering feasibility, and (5) management, cost, and schedule issues;

e Be of sufficient importance that the Sponsoring NSF Organization? is prepared to fully
fund the costs of pre-construction planning, design and development, operation and
maintenance, and associated programmatic activities (with full awareness that, for a
long-lived facility, operations costs may ultimately amount to many times the
construction costs); and

e Have been coordinated with other organizations, agencies and countries to ensure
complementarity and integration of objectives and potential opportunities for
collaboration and sharing of costs.

1 Empowering the Nation Through Discovery and Innovation: NSF Strategic Plan for Fiscal Years (FY) 2011-2016.

2 See Section 2.1.6 for definition of this and other key terms. It describes the NSF organizations and officers that are involved
throughout the conception, development, approval and implementation of a major facility project.
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2.1.3 The Major Facility Life Cycle

A facility’s life cycle is characterized by the following five stages:

1. Development?!
Design
Construction
Operation
Divestment

vk wnN

Each life cycle stage involves different activities as well as certain actions by NSF and the
Recipient that are necessary to advance the project to the next stage. These activities include
reviews and approvals needed to obtain NSF funding, and the creation of budgets and NSF
awards to support these activities. Entry and exit from each life cycle stage are defined in this
Guide, including the required documents and deliverables. A high-level graphic of the
progression through the stages is given below in Figure 2.1.3-1.

Figure 2.1.3-1  Progressive steps in the facility life cycle, showing the high-level review and decision points for
exit and entry into each stage. The Design Stage is further broken down into phases.

Operations Divestment

= cl > 0 YEd !J-i'»! yed
Design Phase Reviews Annual Annual Renewal &
(Program, Facilities Construction Operations Re-competition Reviews
Readiness Panel & DRB, OD Reviews Reviews (Program, DRB, OD & NSB)
& NSB)
(Program) (Program)

A = Review (Stage gate, annual construction, etc.)

v = NSF Decision Point (Program, Director, NSB)

Descriptions for each stage are given below. See Sections 2.2 to 2.6 for detailed discussions of
the various procedures and deliverables for progression through each stage in the facility life
cycle.

1 A project in the Development Stage may be referred to as a “Horizon” or a Conceptual Development project in earlier NSF
documents and references.
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Development Stage

The development stage is where initial ideas emerge and a broad consensus built for the
potential long-term needs, priorities, and general requirements for Research Infrastructure (RI)
of interest to NSF. Investments in development by NSF, other government agencies, or private
interests can be focused or sporadic, but these annual investments are generally smaller than in
the Design Stage. The effort is focused on the high-level ideas, building community consensus
on requirements, and setting priorities across a broad landscape of potential needs. This stage
can last 10 years or more and consequently the cumulative investment over this period can be
quite substantial. Next to the Divestment Stage, the Development Stage is often the most
challenging to navigate depending upon how federal agencies and science communities are
organized. The exit process from this stage occurs when the Sponsoring Organization sends a
memorandum to the Chief Officer for Research Facilities (CORF) recommending that a project is
ready to enter Design Stage, normally at the Conceptual Design Phase. At that point, the CORF
conducts a senior leadership review focusing on strategic agency and science community issues
followed by a recommendation to the NSF Director. If the NSF Director approves the transition
to the Design Stage, it always carries the provision of no commitment to advance the project to
the Construction Stage.

Design Stage

The design stage is where detailed, construction-ready budget estimates, schedules, technical
specification and drawings, and management processes are developed by the Recipient. This is
also the stage where the project is formally approved by NSF as a candidate for a future budget
request and potential obligation of construction funding. Entrance into the Design stage occurs
when NSF recognizes the proposed project as a national priority and the Sponsoring
Organization obligates the necessary funding to advance refinement of the scope and the
estimated cost and schedule. This stage generally lasts 3-5 years and can cost 10% or more of
the estimated construction cost depending on the nature of the project. It is also the stage
where estimated budgets are presented to Congress and where partnerships are generally
formalized.

The Design Stage is divided into three phases — Conceptual Design, Preliminary Design, and
Final Design; each with a formal and rigorous NSF review of the Project Execution Plan at the
end of each phase to show readiness for advancement to the next design phase or construction
stage, as shown in Figure 2.1.3-2 below. Advancement to the next phase is based on successful
completion of the current phase by the Recipient and is not guaranteed. Review at the end of
each phase is a potential off-ramp for the project.

Conceptual Design Phase: This phase advances the approximate definition of the cost,
scope and technical requirements from the Development Stage, determines feasibility
(often through the development and testing of prototypes), and produces updated
drafts of most elements of the Project Execution Plan, including parametric cost
estimates, notional integrated master schedules, and a preliminary risk analysis.

Section Revision: 2.1.3-2
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Preliminary Design Phase: This phase further advances the project baseline definition
and the Project Execution Plan. It produces a bottom-up scope, cost, schedule, and risk
analysis of sufficient maturity to allow determination of the Project Total Cost and
overall duration for a given Fiscal Year start and to establish the budget request to
Congress. The Preliminary Design Phase ends with a thorough review of the design, the
Preliminary Design Review (PDR), and NSF approval to continue on to development of a
final design.

Final Design Phase: This phase further refines the project baseline definition and the
Project Execution Plan and demonstrates that project planning and management meet
requirements for readiness to receive funding and begin construction. The Final Design
phase ends with a Final Design Review (FDR) and subsequently an NSF recommendation
to approve the obligation of construction funds.

Figure 2.1.3-2  Progressive Phases within the Design Stage, showing review and decision points for
advancement to the next phase and NSB authorization for budgeting and award.

Conceptual Design . Preliminary Design Final Design

Phase / Phase Phase

AAlv AAVlv AA‘V

A Conceptual Design Review (CDR) A Preliminary Design Review (PDR) A Final Design Review (FDR)
A Facilities Readiness Panel (FRP) FRP Review FRP Review
Review Director’s Review Board (DRB) Review DRB Review
' Director’s Approval for v Director’s approval for Advancement Director’s approval for
Advancement to Preliminary Advancement to Construction
Design Board authorization for inclusion in
future Budget Request Board authorization for the
Director to obligate construction
Project Definition Established funds
Cost, Scope, Schedule, Plans, Risks &
Contingency

For projects that have received previous development and design funding from NSF, other
agencies, or private sources, a Sponsoring Organization can propose entrance to the Design
Stage at the Conceptual Design Review (bypassing the Conceptual Design Phase) or the
Preliminary Design Review (bypassing the Preliminary Design Phase) based on the technical
readiness of the project. In either case, the strategic review by the CORF must be conducted in
conjunction with a CDR or PDR-like review in accordance with Sections 2.3.1.3 and 2.3.2.3 of
this Guide. The Preliminary Design Review is the latest point at which a project can be
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considered a candidate for major facility funding since this phase is tied to the budget request.
The Final Design Phase must always be conducted (see Section 2.3.3).

Construction Stage

The construction stage begins when funds are obligated for the acquisition and/or construction
of the research infrastructure in accordance with the terms and conditions set forth in an award
instrument between NSF and the Recipient(s). Depending on the technical nature and scale of
the infrastructure or major facility, construction typically lasts 2-6 years and costs range from
S$70M to $S800M, or possibly more. This stage has the most stringent requirements for
overseeing Recipient performance in managing the scope, cost and schedule against plan, for
reporting progress, and for formality of oversight and assurance by NSF. Progress is reported
against the approved Performance Measurement Baseline (PMB) in the Recipient’s Project
Execution Plan (PEP). The project status is reviewed periodically to assess whether the project is
capable of finishing within budget and schedule and what corrective actions (if any) might need
to be taken. The Construction Stage normally includes activities to transition the facility to
operations. Construction ends after final delivery and acceptance of the defined scope of work
and an assessment facility performance per the terms of the award instrument.

Operations Stage

The operations stage includes the day-to-day activities needed to operate and maintain the
infrastructure and to support scientific research. During this stage, the facility is actively
collecting and distributing data for use by the science community. Operations may include
activities necessary to complete the transition from construction to full operational capability
(depending on the technical nature of the facility and how the construction scope is defined)
and, during the lifetime of the facility, routine refurbishment activities, and major upgrade
project development. The operations stage may also include activities that support transition to
the Divestment Stage. The operations stage typically lasts 20-40 years, the total cost of which
often greatly exceeds the cost of construction. It normally includes a series of periodic status
reviews that assess performance. These reviews may be accompanied by decisions on
continued investment, recompetition, or divestment. The Concept of Operations Plan refined
during the Construction Stage (including robust operations and maintenance cost estimates and
agreements between parties for funding, data sharing, etc.) should be finalized in preparation
for entering this stage. The decision to divest is generally made when NSF, with input from the
scientific community, determines that the facility is no longer considered an operational priority
with regard to advancing science. This final decision is often the most challenging.

Divestment Stage

The decision to divest is generally made when NSF, with input from the scientific community,
determines that the facility is no longer considered an operational priority for the Foundation.
However, divestment does not necessarily lead to a reduction in project scope or in the
performance or scientific output of a facility. As part of the divestment process, additional
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support is often sought from other agencies or non-governmental entities, such as Universities,
state-run programs, or charitable foundations. This decision to divest is often the most
challenging step in the Operations Stage.

The decision to divest may be made at any time during the Operations Stage, though it is
expected to occur after a project’s primary science goals have been achieved (usually after
many years of operations). Divestment options may include partial or complete transfer of a
facility to another entity’s operational and financial control (with or without reduction in
project scope), “moth-balling” the facility so that operations can be restarted at a later date, or
decommissioning. This last option may include complete removal of the infrastructure and site
restoration. The cost of decommissioning can be substantial and must be thoroughly
researched. The decommissioning process may also be very complex, and must include careful
assessment of the risks, benefits, and environmental impacts (in the form of an environmental
impact statement). Entrance into the Divestment Stage occurs when an award is made to cover
the costs of decommissioning or transitioning the facility to its new role. This generally takes
the form of an award that ramps down NSF’s investment over the award duration with the
expectation by all parties that no further operations award from NSF will be forthcoming, other
than potential scientific use through individual investigator awards.

It is important that NSF devise plans to address the specific issues that arise as part of the
divestment of a facility. It is recommended that the Sponsoring Organization develop a plan
that follows NSF policy on divestment decisions, engages the science community for the
anticipated divestment of the facility, and includes the estimated costs and associated legal
requirements. The first version of this plan should be developed as part of the construction
Project Execution Plan. Periodic review of an evolving plan for the decommissioning of the
facility, disposal of assets and other environmental obligations of the Government should be
conducted during the Operations Stage. While not part of the annual budgeting process, this
document informs the longer-term strategic planning for the agency.

Section Revision: 2.1.3-5
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2.1.4 Summary of the Major Facility Implementation Process

Maijor facility projects cover a wide range of disciplines and activities in science and
engineering, so they can require different approaches to the development and implementation.
The approach described in this Guide is derived largely from experience with large acquisition
and construction projects and operations defined by the following characteristics:

e They serve a relatively broad and substantial community or collaboration, whose
members have self-organized and agree on the basic parameters of the project

e They result from proposals to NSF, either solicited through a targeted NSF program or
unsolicited, for the design and construction of research infrastructure

e Operation of research infrastructure may be carried out by the construction
organization or, in some cases, by another organization

As the diagrams in Figures 2.1.4-1 and 2.1.4-2 indicate, the typical process for pre-construction
development and design for a candidate major facility project progresses through a sequence
of stage-gates with increasing investment, planning, assessment, oversight, and assurance.
These stages help ensure that the technical evolution of a candidate project is coordinated with
science community needs and NSF requirements; increasing the likelihood that it will be able to
qualify for funding of continued planning and eventual construction.

NSF supports scientific investigation at the frontiers of human knowledge where the necessary
technologies and methodologies are often not firmly established. The agency is also responsible
for nurturing the various science and engineering disciplines that it supports. As a result, the
various project life cycle stages may best be achieved through the expertise of different
organizations such as educational institutions, non-profit, or the private sector (industry)
depending upon the technical nature of the facility or infrastructure. For example, NSF may
provide researchers the funding sufficient to develop compelling research agendas, to refine
and prioritize their technical requirements, and to complete research and development on
prototypes and other needed technologies, without assuming those researchers will have a
direct role in managing either construction or operations. Following successful research and
development by scientists and engineers in an educational institution, the entire project may
then be further designed and constructed by an award made directly to a competent managing
organization, including industry.

Section Revision: 2.1.4-1
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Figure 2.1.4-1
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Section Revision:

Summary Timeline for Major Facility Projects (Development and Design)

Development

Conceptual Design Phase

Develop construction budget based on conceptual
design

Develop budget requirements for advanced
planning

Estimate operations costs

Preliminary Design Phase

Final Design Phase

Preconstruction Planning Funded via R&RA and EHR funds

Expend ~5-25% of construction cost on planning & design activities

Construction estimate based on preliminary design
Update operations cost estimate

Final design over approximately 2 years
Construction-ready budget & contingency estimates
Update operations cost estimate

Initial ideas emerge

Broad science community
consensus built for potential long-
term needs, priorities, and general
requirements

High level concept developed

Formulate science goals: define requirements,
prioritize, review

Develop conceptual design identify critical
technologies, high risk items

Formulate initial risk assessment

Develop top-down parametric cost and contingency
estimates

Initial proposal submission to NSF
Initial Project Execution Plan (PEP)

Proponents development strategy defined in Project Development Plan

Develop site-specific preliminary design, environmental
assessments/ impacts (NEPA)

Develop enabling technologies

Bottom-up cost and contingency estimates, updated risk
analysis

Develop Project Management Control System
Develop preliminary operations cost estimate
Update PEP

Develop final construction-ready design & PEP

Verify key technologies are ready for production or
detailed production design

Refine bottom-up cost and contingency estimates

Finalize Risk Assessment & Mitigation, Management
Plans

Complete key staff recruitment

NSF oversight defined in Internal Management Plan (IMP) updated at each development phase.

Interface with the research
community to nurture concepts for
development

Recommends to the NSF Director
that a project advance to
Conceptual Design

Integrated Project Team (IPT) organized

Develop Internal Management Plan (IMP), estimate
PD costs, timeline

Establish interim review plan and competition
milestones

Forecast international and interagency participation,
issues

Initial analysis of NSF opportunities, risks

Conceptual Design Review (CDR) - external
panel review and internal review

CDR Cost Analysis
Merit review, apply 15t and 2" ranking criteria

Approve Project Development Plan (PDP) &
budget

Forecast external partner decision milestones

Preliminary Design Review (PDR) — external
panel review and internal review

Establish target total project cost (TPC)
PDR Cost Analysis

Project Definition established - cost, scope,
schedule, plans, risks, & contingency
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OMB/Congress negotiations on proposed
project and budget profile

Evaluate design costs, schedules; and
operations cost estimate.

Semi-annual assessment of baseline and
projected operations budget for projects not in
construction

Finalization of interagency and international
requirements, agreements

Final Design Review (FDR) - external panel
review and internal review

FDR Cost Analysis - informed by an
Independent Cost Estimate (ICE) if not done
earlier

EVMS Acceptance

Establish project construction baseline
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Internal review regarding
advancement to design stage.

NSF Director approval to start
Conceptual Design

Apply 3 ranking criteria
Facilities Readiness Panel Review

NSF Director approval for advancement to
Preliminary Design

Facilities Readiness Panel Review

DRB Review

NSF Director requests NSB approval for MREFC

request & approves advancement to Final Design
NSB authorization for inclusion in MREFC Budget
Request and to proceed with final design

Facilities Readiness Panel Review
DRB Review

NSF Director approves advancement to
construction stage
NSB authorizes NSF Director to make a
construction award

December 14, 2018
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Figure 2.1.4-2
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Although all major facility projects progress though the five life cycle stages described in
Section 2.1.3 above, there are appropriate alternate approaches to the Development and
Design Stages, as well as alternate approaches to upgrade during the Operations Stage.
Facilities at the leading-edge of the scientific endeavor never remain stagnant. It is not
uncommon for major facilities and smaller research infrastructure to be in an almost
continuous state of upgrade following transition to operations. Therefore, the more linear
“waterfall” method described above is not always the most appropriate process to follow,
particularly in fields where the technologies are unproven or changing rapidly.

When proposing to NSF, candidate projects should consider whether a “spiral
development” model is more appropriate than the classic “waterfall” method as shown in
Figure 2.1.4-3. Spiral development refers to the process of designing, building, testing and
using a technology to increase understanding and reduce risk; and then repeating the
process again. Although, almost all facilities use spiral development for various components
and sub-systems during development, design and, at times, construction, the process
described here is intentionally planned for and executed at the macro scale, with each spiral
having a discrete total project cost (TPC). Figure 2.1.4-4 illustrates this concept of one
project leading into follow-on projects.

The duration of the spirals can be relatively short (2 years) or quite long (a decade or more)
depending on technical maturity and the rate of technological change. Risk is reduced
following the completion of each spiral to improve confidence in the ability to meet the
technical objectives of the next spiral within budget. A spiral development approach is
generally imbedded within the Operations Stage and may combine aspects of the Design
and Construction Stages. NSF oversight is based on the TPC and associated authorization
thresholds.

Figure 2.1.4-3  Linear Design-Construct Process is Classic "Waterfall Model" Implementation

Prelim. Design Final Design Construction & Commissioning
TPC for NCOP
(At Award)

TPCRf:;uZ‘;fget _ Risk Assessment and Mitigation Plans (6 -10 years)
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Figure 2.1.4-4  Spiral Development Process
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In all cases, NSF is committed to the principle that flexibility does not preclude rigor. Every
candidate major facility project — including those that call for novel treatment — is subject to
the highest standards of merit review and technical evaluation. The approach used should
be identified early in either the project Development or Design Stages and documented as

part of the managing organization’s proposal and eventually the Project Execution Plan

(PEP), as well as NSF’s Internal Management Plan (IMP). Proposing organizations should
discuss the approach envisioned with the cognizant NSF Program Officer.
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2.1.5 Timeline and Flowcharts for the Major Facilities Approval Process

This section, to be written, will illustrate when various preconstruction planning activities
should be completed in order to commence construction in a particular future fiscal year.
Although the majority of those activities proceed at a pace specific to the needs of an individual
project, late-stage planning activities following completion of a project’s Preliminary Design are
paced by the process for developing NSF’s annual Budget Request to Congress. This section will
also explain key features of that process that are of particular interest to those involved with
major facility projects.
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2.1.6 Roles and Responsibilities for NSF Staff for Management and Oversight of Major
Facilities

2.1.6.1 Overview

The Major Facilities Guide (MFG) describes the actions NSF takes to carry out its oversight and
assurance responsibilities for major facility projects. One key element is the definition of the
roles and responsibilities of the NSF participants who carry out those actions. The participants
with primary oversight and management roles and responsibilities are listed below and
highlighted in the NSF organizational chart in Figure 2.1.6-1:

e Program Officer (PO) — A scientist or engineer having primary oversight responsibility
within NSF for all aspects of the project.!

e Sponsoring Organization — The NSF Division, Directorate, or Office which proposes
projects for funding through the MREFC Account or other funding source and is
committed to pre-construction planning activities and eventual facility operation and
use.

e Senior Management of the Sponsoring Organization — The leadership individuals who
utilize community inputs, discipline-specific studies, advisory committee
recommendations and internal NSF considerations to prioritize the opportunities
represented by the candidate project relative to competing opportunities and demands
for available resources.

e Grants and Agreements Officer (G/AO) — NSF Grants and Agreements Officer who has
legal responsibility and authority for the business and financial management of grants
and cooperative agreements.

e Contracting Officer (CO) — NSF Contracting Officer which has legal responsibility and
authority for the business and financial management of award contracts.

e Cost Analyst — NSF staff from the Cost Analysis and Pre-Award Branch (CAP) Branch of
the Division of Institution and Award Support (DIAS), which perform cost assurance
reviews of proposals and monitor Recipient financial practices.

e Chief Officer for Research Facilities (CORF) — The individual who advises the NSF
Director on all aspects of the agency's support for major and mid-scale research facilities
throughout their life cycle and collaborates with NSF employees involved in oversight
and assistance of the NSF multi-user research facilities portfolio.

e Head, Large Facilities Office (HLFO) — The individual who heads the Large Facilities
Office (LFO). The LFO provides an NSF-wide resource for assistance with project
oversight and assurance that agency policies and procedures are followed. The LFO is in

1The PO may have a title such as Program Manager or Program Director. The PO is administratively part of a Directorate or
Office, comprised of Divisions, which serves a range of research disciplines. These are referred to as the “Sponsoring
Organization” in this document.
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the Office of Budget, Finance, and Award (BFA) and reports to the Chief Financial
Officer.

Large Facilities Office Liaison — The designated project management advisor from the
LFO, who is assigned as project liaison by the HLFO. This individual is the PO’s primary
resource for assistance with all policy, process, and procedural issues related to the
development, implementation, and oversight of major facility projects.

Figure 2.1.6-1  NSF organization chart highlighting staff who have primary oversight and management roles

and responsibilities for major facilities and mid-scale research infrastructure.

Chief Officer for

Directorand NSB Research Facilities
(CORF)

Sponsoring

BFA Head/CFO Organization
AD/Office Head

Head, Large
Facilities Office
(HLFO)

Sponsoring
DGA or DACS Organization
DDs/Branch Chiefs

DIAS

Grants and .

Agreements or Program Officer

Contracting Officer (PO)
(G/AO or CO)

Cost Analyst
(CAP Staff)

LFO Liaison

As shown in Figure 2.1.6-2, various bodies within NSF provide coordination, assistance,
assurance, and advice to the main participants and to the agency as a whole:

Integrated Project Team (IPT) — Three primary NSF groups comprise the IPT and
represent the major oversight organizations within NSF: Science and Technical, Award
Management, and Strategic. The Strategic group includes representatives from the
Office of the Director (OD), Office of the General Counsel (OGC), the Office of Legislative
and Public Affairs (OLPA), the Office of International Science and Engineering (OISE), and
other offices under OD as deemed appropriate. The composition and size of each IPT
depends on the risks, scope, and complexity of the project. The IPT is a coordinating
body that provides internal agency assurance and guidance to the PO in the planning,
review, and oversight of that project. The members of the IPT are selected by the
management of the cognizant directorates and offices, in consultation with the PO, at
the beginning of the Conceptual Design Phase. The IPT is chaired by the PO.

Major Facilities Working Group (MFWG) — The purpose of the Major Facilities Working
Group (MFWG) is to assure the uniform and effective programmatic oversight of major
and mid-scale research infrastructure of the National Science Foundation throughout
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their entire life cycles. Specifically, the MFWG provides input to the Facilities
Governance Board regarding all strategy, governance, and implementation issues under
consideration by that Board, establishes and maintains a list of NSF’'s major research
infrastructure at all life cycle stages, supports the Head of the Large Facilities Office in
reviewing the Major Facilities Guide, internal operating guidance, and procedures for
NSF facility oversight, advises the Facilities Governance Board on the sufficiency and
appropriateness of these documents, and shares good practices for the oversight of
facilities across the Science directorates.

e Advisory Committee of the Sponsoring Organization — Comprised of researchers from
the community (external to NSF), it advises the sponsoring Directorate or Office in a
wide variety of programmatic areas, including major facilities.

Figure 2.1.6-2  NSF organization chart showing coordinating and advisory bodies for major facilities and mid-
scale research infrastructure.
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There are also planning and assurance bodies, shown in Figure 2.1.6-3, that review and make
recommendations on the suitability and readiness as well as on the allocation of resources for
the development, funding, and operation of major facility projects, according to the NSF
strategic objectives:

e Facilities Readiness Panel (FRP)- advise the Director on Recipient and Programmatic
readiness to advance major and mid-scale facilities projects within the formal Design
Stage as described in NSF’s Major Facilities Guide (MFG); this includes the transition
from Final Design to Construction. Readiness to enter the Design stage and whether or
not to include in a future budget request are strategic decisions made separately.
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Facilities Governance Board (FGB) - Oversee and make recommendations on all aspects
of governance of major multi-user research facilities and mid-scale research
infrastructure of the National Science Foundation.

Director’s Review Board — Comprised of Senior Management Representatives from the
Directorates and Offices of NSF, it reviews and approves the package of materials
associated with all topics to be submitted to the National Science Board (NSB) for
information or action, including major facility projects.

Finally, there are entities also shown in Figure 2.1.6-3 that set NSF policy and that approve the
advancement, funding requests, and obligation of funds for the development, construction, and
operation of major facility projects:

NSF Director — Responsible for the implementation of NSF policies and practice for
agency oversight of major facilities, and for proposing new major facility projects to the
NSB, the Office of Management and Budget (OMB), and Congress.

NSB — Establishes agency policy for major facilities, and reviews and authorizes the
advancement of major facility projects including budget requests and Construction
Stage awards. The Board also authorizes Operations Stage awards that are above
certain thresholds. By statute, all projects funded from the MREFC account require
Board authorization.

Figure 2.1.6-3  NSF organization chart showing policy and approval bodies for major facilities! and mid-scale

research infrastructure.
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1 Refer to Figures 2.1.4-1 and 2.1.4-2 for a mapping of the Panels and Boards to the major facility life cycle stage and NSF
oversight responsibilities.
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The PO, G/AO or CO, and LFO staff members are the individuals that interact most frequently to
carry out NSF’s oversight and assurance role for major facility projects. Their roles and
responsibilities are summarized, by life cycle stage, in Table 2.1.6-1. Fuller descriptions of their
roles (and those of senior management in the sponsoring Directorate or Office, and the
support, advisory, policy making, and approving entities) are provided in individual sections of
this document following Table 2.1.6-1.

Table 2.1.6-1 Summary of Principal Roles and Responsibilities of the core members of the IPT (PO, G/AO or
CO, and LFO) Liaison by Facility Life Cycle Stage
Program Officer (PO) CIITIE Eme AFREmETs (A0 LFO Liaison

Primary responsibility for all
oversight aspects of a major
facility project

Experienced or trained in
management of projects.
Appointed by the Division Director
(DD) or Section Head

Must not be a temporary
employee of the NSF

Determines the importance and
research priority to the affected
research community of the
science objectives motivating
consideration of a future major
facility

Works with the research
community to develop an overall
scope for a major facility project.
Develops the IMP

Organizes and chairs the IPT
Formulates a plan for eventual
divestment of the facility

Devises and carries out strategies
for renewal or closeout strategy
that implements recompetition of
the operating award wherever
feasible

or Contracts Officer (CO)

e Primary representative of the
NSF in all business dealings
with the Recipient

e Assigned to a project on a
long-term basis

e Experienced with Federal
regulations and unique NSF
requirements needed for
adequate NSF oversight of
major facility projects

Conceptual Design Phase

e Becomes acquainted with the
anticipated scope of the
proposed project

e Participates in planning
meetings to work out details
of partnerships, international
or multi-agency agreements,
property issues, etc.

e Participates in the
development of the IMP

e Serves on the IPT throughout
the project to expedite
financial and administrative
actions and decisions
concerning the project

e Program’s primary resource
for all policy or process
issues related to the
development,
implementation, and
oversight of major facility
projects

e Experienced and trained in
project management of
major facilities.

e Advises POs on project
management issues during
project development and
oversight

¢ In collaboration with PO,
plans CDR

¢ Independently assesses the
CDR outcome for the LFO

e Serves on the IPT
throughout the project to
advise on management,
business, and administrative
issues

e Participates in the
development of the IMP
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Program Officer (PO)

Preliminary Design Phase

Creates solicitations for any
enabling research, workshop,
summer study, or other activity of
the research community that
supports proposal development
Works with the research
community to develop a proposal
that includes a preliminary Project
Execution Plan (PEP)

Arranges external peer review of
the proposal

Presents the proposed project to
the Facilities Readiness Panel
Updates the IMP

Continues to meet with the IPT
Reports monthly to HLFO on
project’s technical and financial
status

Continues to monitor project in
accordance with the IMP

Provides monthly project status
updates to the HLFO

Organizes periodic cost update
reviews

Organizes the Final Design Review
(FDR)

Grants and Agreements (G/AO)
or Contracts Officer (CO)

e Advises PO on creation of
solicitations for any enabling
research, workshop, summer
study, or other activity of the
research community that
supports proposal
development

e Responsible for the business
aspects of the proposal review
and cost analysis and
mentoring of the proposing
institutions

e Participates in preparation of
materials for the FRP Review
and Director’s Review Board
(DRB)

e Serves on the IPT

¢ Instigates as required
proposal review, cost analysis,
and mentoring necessary to
ensure that the Recipient
follows NSF business and
budgeting policies and
requirements

e Participates in periodic cost
update reviews.

e Participates in preparation of
materials for the FRP Review
and DRB

e Serves on the IPT

LFO Liaison

Final Design Phase

Advises PO

In collaboration with PO,
plans Preliminary Design
Review (PDR)
Independently assesses
outcome of PDR for the LFO
Receives monthly reports on
project development from
PO, and provides
independent assessment to
the Head, LFO

Contributes to business
aspects of the proposal
review and cost analysis and
in surveillance or mentoring
of the proposing institutions
Serves on the IPT

Continues to monitor
project

Receives monthly project
status updates from the PO,
adds comments and
evaluation

Aids the PO with the
organization of the periodic
cost update reviews in
interval between PDR and
FDR.

In collaboration with PO,
plans FDR and
independently assesses
outcome

Contributes to business
aspects of the proposal
review and cost analysis and
in surveillance or mentoring
of the proposing institutions
Serves on the IPT
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. Grants and Agreements (G/AO) ..
Program Officer (PO) or Contracts Officer (CO) LFO Liaison

Construction/Implementation Stage

e Works with the G/AO to develop e Works with the PO to develop e Advises PO

the award agreement
(Cooperative Agreement (CA) or
contract agreement)

Approves the establishment of a
project baseline scope, cost, and
schedule and other updates to the

PEP

Approves significant changes to
the project baseline

Receives monthly financial and

technical status reports, quarterly

and annual progress reports
Reports monthly to HLFO on
project’s technical and financial
status

Conducts periodic reviews of

project progress using an external

ad hoc panel
Arranges internal review of

Memorandums of Understanding

(MOUs)

Regularly visits the project
Updates the IMP

Ensures compliance with
Government Performance and
Results Modernization Act
(GPRAMA)

the award agreement
(Cooperative Agreement (CA)
or contract agreement)
Approves submittals from
Recipient

Reviews the scope of activities
associated with each award to
ensure that the financial and
administrative framework
aligns with NSF’s expectations
for stewardship and reporting.
Receives and provides
approval to the Recipient on
award documents

Participates in baseline review
and subsequent periodic
reviews as necessary to assure
the NSF that the Recipient
follows agency financial
policies

Serves on the IPT

In collaboration with PO,
plans construction reviews
and independently assesses
outcome

Receives monthly project
status reports from the PO
Visits the project site
periodically in coordination
with PO

Participates in baseline
review and subsequent
periodic reviews as
necessary to assure the NSF
that the Recipient follows
agency major facility
management policies
Serves on the IPT

Divestment Stage
Reserved for future content
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Program Officer (PO)

e Prepares and participates in
solicitation of award for
Operations and Maintenance
(O&M) CA or contract agreement

e Ensures compliance with GPRAMA

e Approves the Annual Work Plan
(which includes high level
performance goals) developed by
the Recipient

e Reviews and approves the Annual
Report

o Develops budgets that operate
and maintain facilities

e Obtains Condition Assessment
reports

e Monitors planning for IT and
property security, and validates
through periodic review

e Organizes and participates in
periodic reviews of the facility
including annual operations
reviews

o Formulates a plan for eventual
divestment of the facility

e Devises and carries out a renewal
or recompetition and closeout
strategy of the operating award

o Updates the IMP

Grants and Agreements (G/AO)
or Contracts Officer (CO)

e Advises the PO in
development of solicitation
for O&M award (shared
responsibility with PO)

e Creates special terms and
conditions in the CA or
contract agreement to capture
requirements for annual
performance goals (shared
responsibility with the PO)

e Defines business practices for
renewal, recompetition,
closeout, or termination of
Award

e Attends periodic reviews
including operations and
business systems reviews
(BSRs) as appropriate

e Assists in developing financial
strategy, as appropriate, to
budget for facility
maintenance and replacement
or refurbishment of long-lived
capital-assets (shared
responsibility with PO)

e Prepares Decision Memo and
performs independent cost
analyses as required

e Serves on the IPT

LFO Liaison

Operations Stage

Advises PO and G/AO or CO
on effective operational
oversight strategies,
renewal and recompetition
strategies, closeout, or
termination

Periodically visits operating
facilities in coordination
with PO

In collaboration with PO and
G/AO or CO, insures
implementation of
performance measures
within the CA for operation
Assists with organizing and
evaluating the results of
operational reviews of
major facilities

Advises PO and G/AO or CO
on related project
management issues in the
event of recompetition of
award for facility operation
Serves on the IPT

2.1.6.2 Main Participants

Program Officer (PO)

The PO is the research community’s primary interface to the NSF. The PO’s responsibilities are
substantial, and crucial to NSF’s success. Examples of these responsibilities are listed below:*

e They are typically the main contact a principal investigator (Pl) has with NSF.

e They are the link between what is happening in the research community and the
appropriately responsive program solicitation from NSF.

e They are the catalysts for the increasing amount of research that crosses traditional

single-discipline boundaries.

1 Paraphrased from National Science Foundation: Governance and Management for the Future, a report by a panel of the
National Academy of Public Administration, April 2004. pp. 10-11.
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e They are the coaches and encouragers for proposals from less experienced researchers
— particularly ones with innovative ideas — as well as those from underrepresented
segments of the research community.

e They are the recruiters and managers of a peer review process that involves numerous
experts from the research community to assess the intellectual merit and broader
impacts of proposals from the community for new research.

e They are the post-award managers and monitors for awarded research.

NSF’s Authorization Act of 2002, 42 U.S.C.1862n-4l, signed into law on December 19, 2002,
restricts the choice of POs (also referred to within the NSF as Program Directors or Program
Managers) to be regular employees of the NSF. The statutory language of the Act states:

“PROJECT MANAGEMENT. No national research facility project funded under the major
research equipment and facilities construction account shall be managed by an
individual whose appointment to NSF is temporary.”

Administratively, the PO is part of a Directorate or Office that provides supervisory oversight
and the budgetary authority to fund PO actions. Depending on the administrative structure of
the Sponsoring Organization, a Section Head, Division Director, Assistant Director (AD), or
Office Head may assign a PO (or POs)! to oversee a particular facility-related initiative and will
directly or indirectly oversee and guide the activities of the PO. Actions of the PO described
here implicitly recognize the authority of the individuals within this supervisory structure to
appropriately guide, direct, and approve the actions of the PO.

The PO exercises primary responsibility within NSF for all aspects of a major facility project,
including:
e Project planning, both internally and in coordination with the relevant research
community;
e Serving as the NSF interface with the research community to nurture concepts for
development and utilization by the community of a facility;
e Formulating an IMP that defines NSF strategy for conducting project oversight,
managing NSF risk, and providing project funding;
e Coordinating contact between the project proponents and other NSF staff members

that may need to have direct contact with the project or that the project may wish to
contact;

e Chairing the IPT;

e Conducting merit and programmatic/technical reviews of proposals for development,
implementation, operation, and utilization of a facility (Conceptual Design Review (CDR),

11n some cases, more than one individual will be designated as a PO for a facility related initiative. Wherever the PO is
referenced in this guide, it should be understood that the reference is to all the relevant assigned POs.
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Preliminary Design Review (PDR), Final Design Review (FDR), construction and
operational reviews);

e Preparing all required documentation for internal project review and approval within
the NSF;

e Participating in developing the estimated costs of planning, construction, operations,
maintenance and related programmatic activities, and, under management direction of
the Sponsoring Organization, assigns budgets to these tasks; and

e Overseeing implementation, operation, and eventual divestment and closeout of NSF
support for the project.

Senior Management of the Sponsoring Division, Directorate, or Office Assistant Director or
Office Head

Assistant Directors (ADs) and Office Heads lead Directorates or Offices, and by extension their
Divisions or Sections, which propose projects for funding through the MREFC Account or other
funding source.

The AD (or Office Head) of the Sponsoring Organization utilizes community inputs, discipline-
specific studies, advisory committee recommendations and internal NSF considerations to
prioritize the opportunities represented by the candidate project relative to competing
opportunities and demands for NSF resources. The AD determines that the scientific merit and
relative importance of the proposed facility are sufficiently strong to justify advancement of the
project to Readiness Stage (i.e., ready to begin Preliminary Design activities), and authorizes the
PO to proceed with organizing the development and external review of a Project Execution Plan
and with updating the IMP to explain how NSF will oversee and fund further development. The
AD reviews and approves the IMP. The AD determines whether to propose a project to the
Facilities Readiness Panel as a candidate for future construction funding, based on the project’s
relative scientific importance and on the Sponsoring Organization’s commitment to pre-
construction planning activities and eventual facility operation and use. The AD is regularly
updated by the PO on the status of the project throughout the remainder of its life cycle phases
and brings critical issues to the attention of the NSF Office of the Director (OD) and NSB as
appropriate.

The AD has overall responsibility for advancing prospective projects for consideration of
construction funding. In this capacity, the AD formulates strategic planning and budget
development within the sponsoring Directorate or Office. This strategic planning includes
prioritizing across the research objectives of the range of disciplines served by the Directorate
or Office. The AD oversees and monitors development of NSF’s project planning, with the
assistance of supporting staff, advisory committees, and direct interactions with the broader
community affected by the facility.
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Unless delegated to a lower level, the AD oversees development of MOUs with other agencies,
international partners, private foundations, and other entities and, with the approval of the NSF
OD, enters into negotiations with those parties and either signs or delegates signature authority
for these agreements on behalf of NSF when authority to do so is delegated by NSF OD.

Throughout a project’s life, the AD has a primary responsibility to keep all major stakeholders in
the project informed. Interested parties include policy stakeholders (the NSF, OD); funding
stakeholders (OMB, Congress); and community stakeholders (scientific organizations and the
relevant research community).

At each stage of project development, the AD has the responsibility for making key decisions
within the Sponsoring Organization that advance a project or remove it from consideration for
further development.

Specific responsibilities include, but are not limited to:
e Approving the IMP at the Directorate level;

e Ensuring that the qualifications of the relevant Division Directors reflect the
requirements and expectations of the MFG and NSF policy, and the necessity to provide
an environment of open communication and transparency in the management of
research infrastructure;

e Assuring the evaluation and endorsement of a candidate project by the Directorate or
Office advisory committee prior to submission of the project to the Facilities Readiness
Panel for entry into the readiness stage;

e Overseeing the Division’s organization of all design reviews including appointment of
review panels, charges to the panels, and Directorate responses to review panel
recommendations;

e Reviewing and approving all Director's Review Board packages and organizing
representation of the project before NSF internal approval bodies, i.e., FRP, DRB, and
the NSB;

e Representing the sponsoring Directorate or Office in decisions to recompete
management of an operating facility, terminate support, admit new partners, and other
major decisions affecting the facility;

e Selecting members of Directorate Office staff to serve as representatives on an IPT; and
e Establishing appropriate Delegation of Authority for awards following NSB action.

Division Director

The Division Director (DD), assisted by Divisional Staff, has primary responsibility for overseeing
planning, review, oversight and funding of major facilities. This responsibility includes
coordination of planning; serving as the interface with relevant scientific and engineering
communities; preparing all required documentation for project consideration and approval;
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conducting merit review of proposals; fully funding costs of operations, maintenance and
relevant programmatic activities; and overseeing the project.

Administratively, a major facility in planning, construction, or operation, is under the purview of
a Sponsoring! Organization, a Directorate, Division, or Office. The Sponsoring Organization
provides supervisory oversight and budgetary authority. Depending on the administrative
structure of the Sponsoring Organization, the cognizant PO is usually selected by the Divisional
management (e.g., Section Head and DD collaborate in the selection) with concurrence of the
AD. The PO’s superiors directly or indirectly oversee and guide the activities of the PO.

The DD has overall responsibility for the conduct of programs in a related range of disciplines
within NSF, and for the NSF interfaces between these programs and the scientific communities
in these disciplines. For major facility projects, the DD:

e Evaluates and maintains, through appropriate mechanisms, the proper balance between
the totality of life cycle costs for major facilities and the rest of the division’s activity;

e Establishes and continually examines, through appropriate mechanisms and forums, the
priorities among candidate projects within the discipline (those in development, under
construction, and in operation);

e Appoints a cognizant PO for each project;

e Ensures that the program officer has the requisite experience and/or training to respond
to the responsibilities of the position;

e Ensures that the cognizant PO follows appropriate good practices;

e Ensures that the PO is responding appropriately to the requirements of the Major
Facilities Guide and other NSF policies and practices;

e Ensures that the PO is managing interfaces with other NSF units effectively and
productively;

e Ensures that the performance plan of the program officer reflects the requirements and
expectations of the MFG and other NSF policy statements; and

e Facilitates the flow of information at an appropriate level of detail and timescale to keep
all NSF stakeholders appropriately informed of project progress, status, and problems.

Grants and Agreements Officer

The Grants and Agreements Officer (G/AQ) has authority, subject to statutory limitations, to
award and administer cooperative agreements (CA). The G/AO holds a cooperative agreements
warrant and is the only individual authorized to obligate or de-obligate Federal funds. The
G/AO, through their warrant, has the sole authority to award and administer the construction
agreements(s) used in support of Major Facility projects. The G/AO is administratively part of
DACS in BFA, except for mid-scale projects where they may be part of DGA (See Section 5 of this

1This is the “lead organization” in the case where more than one Division participates in sponsoring a project.
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Guide). The timing of this assignment is at the discretion of the DGA or DACS DD, but should be
early enough in the planning stage of a major facility project to allow the participation of the
G/AO in the strategic planning and development of the IMP for a major facility project (i.e.,
during the Conceptual Design Stage when NSF begins to consider strategies for the business
aspects of managing oversight of the proposed project).

The G/AOQ is an integral member of the IPT for a facility project when the award instrument is a
cooperative agreement, in order to expedite NSF action on business and administrative issues
related to the project. The G/AO participates in management reviews, risk assessments and
issues affecting the management of the award. The G/AO plans and coordinates development
of award instruments from early planning stages through award administration and closeout.
The G/AO negotiates terms and conditions, interprets Federal and NSF policy, and reviews
business proposals and budgets, subawards?, MOUs, and partnership agreements. The G/AO
also monitors awards for compliance with the most current NSF financial and administrative
policies and procedures.

The G/AO is the primary point of contact at the NSF with the Recipient institution for all
business and financial matters. The G/AO represents the NSF in conducting all of the financial
and administrative business-related oversight of the Recipient, including:

e Providing approval or authorization for all financial transactions,

e Ensuring compliance with financial and administrative award terms and conditions,

e Accepting submittals or reports from the Recipient,

e Leading the cost analysis process of proposals and negotiating the budget, and

e Negotiating any specific terms and conditions which define the conduct and execution
of a project, such as CAs and subsequent amendments, MOUs, property leases, etc.

The G/AO is responsible for oversight of the financial and administrative terms and conditions
of the assistance award,? just as the PO is responsible for scientific and technical oversight.
Unlike the PO, he/she holds the warrant to obligate Federal funds. The G/AO and the PO jointly
share the principal technical and financial responsibilities for the oversight and assurance of a
major facility project. In this capacity, the G/AQ is jointly responsible with the PO for the
success of a project.

The G/AO confers with the PO and other relevant offices to ensure that the NSF’s technical and
administrative oversight activities are well coordinated. The G/AO and the PO collaborate on

1 Except for the purchase of materials and supplies, equipment or general support services allowable under the award, no
portion of the proposed activity may be subawarded to another organization without written prior NSF authorization. All
proposing organizations are required to make a case-by-case determination regarding the role of a Subrecipient versus
contractor for each agreement it makes. See PAPPG I1.C.2g (vi) e for further guidance.

2 An assistance award is a grant or cooperative agreement (CA) to a non-Federal organization with fiduciary responsibility for
the project or facility.
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the preparation of solicitations and the proposal and award process. The G/AO has individual
responsibility for developing and overseeing the implementation of financial and administrative
aspects of the award process, and joint responsibility with the PO for recompetition planning
and execution and for award termination or closeout.

The G/AO develops the CAs that establish a business relationship between the NSF and the
Recipient. Consequently, the G/AO has an oversight responsibility that extends to the business
practices of that Recipient, in addition to the specific business operations and oversight
practices of the particular project that may be based with that Recipient.!

The G/AO, with the assistance of BFA resources, establishes that the financial stewardship and
reporting practices of the Recipient institution, as they pertain to NSF instruments, are
consistent with NSF requirements, 2 CFR § 200 (Uniform Administrative Requirements, Cost
Principles, and Audit Requirements for Federal Awards), or Federal Acquisition Rules, as
appropriate.?

Contracting Officer

The Contracting Officer (CO) has authority, subject to statutory limitations, to award and
administer contracts for the construction and operations of facilities that are managed through
contract rather than Cooperative Agreements (CAs). The CO is appointed by the agency Senior
Procurement Executive and is administratively part of the Division of Acquisition and
Cooperative Support within BFA. The CO is solely responsible for oversight of the terms and
conditions of the contractual agreement.

The CO holds the warrant and is the only individual authorized to obligate or de-obligate
Federal funds. The CO, through their warrant, has the sole authority to award and administer
the prime construction contract(s) used in support of Major Facility projects.

The CO is an integral member of the IPT for a facility project when the award instrument is a
contract, in order to expedite NSF action on business and administrative issues related to the
project.

Cost Analyst

The G/AO or CO requests assistance from a NSF Cost Analyst from the Cost Analysis and Pre-
Award (CAP) Branch of the Division of Institution and Award Support (DIAS), located within BFA,
when cumulative or individual awards exceed certain thresholds or for Recipients with
previously identified risks. The PO, G/AO or CO, and Cost Analyst all review proposed budgets
to help determine if they are allowable, allocable, reasonable, and realistic for the scope of

1 Refer to the Business Systems Review (BSR) Guide described in Section 4.6.3.3 for discussion on this point. When NSF is not the
cognizant audit agency for the Recipient institution, its oversight of Recipient business practices is narrowly defined.

2 Refer to the Business Systems Review (BSR) Guides for more details on the criteria and processes for this assessment.
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work. However, the primary purpose of the NSF Cost Analyst’s budgetary review is to support
the G/AO or CO to ensure that the Recipient has properly estimated and calculated costs and
that they are supported and documented with sufficient rigor. The Cost Analyst provides a
written recommendation to the G/AO or CO stating whether costs are supported or
unsupported. The recommendation may include advice on award terms and conditions or
limitations or other concerns identified.

The Cost Analyst may also help determine if the Recipient has adequate business and
accounting systems in place, assess a Recipient’s financial capability and viability, validate
indirect cost rates, or assist in other areas of concern as identified by the requesting G/AO or
co.

While the G/AO or CO is the primary point of contact with the Recipient for all award and cost
analysis issues, this should not inhibit direct communications between the Cost Analyst and
Recipient when necessary. Cost analysis communications with the Recipient should include the
Cost Analyst, G/AO or CO, and PO to help ensure efficient resolution, close collaboration, and
clear and consistent direction.

Chief Officer for Research Facilities (CORF)

The position of Chief Officer for Research Facilities (CORF) is within the Office of the Director
and reports directly to the Director and has full life cycle oversight responsibility for NSF major
research facilities. The CORF advises the NSF Director on all aspects of NSF major and mid-scale
facilities throughout their life-cycle and collaborates with all at NSF who are involved in
oversight and assistance for the NSF research facilities portfolio. The CORF chairs the Facilities
Readiness Panel, the Major Facilities Working Group and the Facilities Governance Board.

This position also fills the previous statutory requirement for NSF to have a Deputy Director for
Large Facility Projects.

Head, Large Facilities Office (HLFO) and BFA’s Large Facilities Office

The NSF’s Head, Large Facilities Office (HLFO), and the LFO supporting staff are the NSF's
primary resource for all policies or processes related to the development, implementation, and
oversight of research infrastructure. LFO is the Foundation’s primary resource for all oversight
practices related to major facility projects and is the NSF-wide resource on project management
good practices. The LFO has the institutional authority and resources to effectively develop
mandatory policies, practices and procedures, which are approved by senior management, for
all stages of the facility life-cycle. The LFO works closely with the BFA and NSF Senior
Management Officers, providing expert assistance on non-scientific and non-technical aspects
of project planning, budgeting, and implementation for major facilities. It also provides
assurance that all applicable requirements are followed in order to give credence to NSF’s
oversight capabilities. The LFO also facilitates the use of good practices by fostering
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coordination and collaboration throughout NSF to share application of lessons learned from
prior major facility projects.

The LFO develops and implements processes for insuring that all facility award instruments
include, at a minimum, four performance evaluation and measurement components:

1. Clear and agreed-upon goals and objectives;

2. Performance measures and, where appropriate, performance targets;
3. Periodic reporting; and

4. Evaluation and feedback to assess progress.

Prior to NSF requesting NSB authorization to include a proposed project in a future budget
request, the HLFO contributes to agency assurance that the project plans are construction
ready, and that the construction and operations budgets are satisfactorily justified.! This
assurance comes through assignment of the LFO Liaison to the IPT and membership (as
assigned) on various governance bodies such as the Facilities Readiness Panel and the Director’s
Review Board.

The HLFO prepares a periodic status report for NSF Leadership on all ongoing major facility
projects, candidate projects in planning, and other major facility projects designated by the
Sponsoring Organization. Inputs to the monthly report are provided by each cognizant PO and
their associated Directorate/Division. The Recipient submits a monthly report to the PO that
summarizes the technical and financial status of the project, pending near-term milestones, and
any other issues that should be brought to the attention of the LFO. The PO reviews the report
and prepares a written response to the monthly report that is uploaded into eJacket. The HLFO
combines all of these inputs into a single report, summarizes the key technical and financial
status information, and provides an independent commentary on project management issues
as necessary.

Under the direction of the NSF Senior Management, the HLFO prepares and presents a variety
of information to the National Science Board (NSB) related to the status and plans for the
portfolio of major multi-user facility projects that are either receiving or are candidates for
receiving MREFC funds. This information supplements information contained in the NSF’s
annual Budget Request to Congress.

LFO Liaison

For each major facility project, the HLFO designates an LFO Liaison to work closely with the PO
and the G/AO or CO, providing expert assistance on non-scientific and non-technical aspects of
project planning, budgeting, implementation, and management to further strengthen the
oversight capabilities of NSF. The LFO Liaison participates in each project IPT and also advises
the cognizant PO of mitigating steps when project management challenges arise. The LFO

1See “Priority Setting for Large Facility Projects” (NSB-04-96), National Science Board White Paper, May 2004, Attachment 5 to
NSB Meeting Report, https://www.nsf.gov/nsb/meetings/2004/may_srprt.doc.
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Liaison works with the PO and the G/AO or CO, not directly with the Recipient or their project
staff.

The LFO Liaison also collaborates with the PO and G/AO or CO to plan and carry out key project
reviews including CDR, PDR, FDR, operations reviews, and other ad hoc project reviews in all life
cycle stages as appropriate. While the PO is responsible for planning, carrying out, and
assessing the full range of topics addressed in the review, LFO Liaison focuses on project
management, business, and administrative issues, and assists the PO and G/AO or CO in these
areas. The LFO Liaison independently assesses and reports to the HLFO on the outcome of
these reviews with respect to project management issues.

The LFO Liaison participates in site visits in coordination with the PO and Sponsoring
Organization, to strengthen project management and affirm aspects of NSF’s oversight and
assurance role. During these interactions, the PO is the single point of contact with the project
for all programmatic issues, and the G/AO or CO is the point of contact with the Recipient
institution for administrative issues. Any project-specific communications between the LFO
Liaison and the project is coordinated through the respective PO, G/AQ, or CO, and generally as
part of the IPT process.

LFO also carries out BSRs of Recipient business systems for major facilities in design,
construction or operation based on a regular review cycle and other potential risks, such as
building institutional capacity in advance of a construction award. BSRs may also be conducted
at smaller scale facilities at the request of NSF Leadership or the Sponsoring Organization. BSR
objectives and processes are described in detail in NSF’s Business Systems Review (BSR) Guide,
described in Section 4.6.3.3.

2.1.6.3 Coordinating and Advisory Bodies

The Integrated Project Team

The Integrated Project Team (IPT) serves as a formal internal NSF coordinating body for major
facilities oversight throughout the Design, Construction, and Operations Stages. The IPT consists
of three primary sub-groups:
1. Science and Technical Group led by Program with primary responsibility for project
oversight. This group may include other Staff from the Division and/or Directorate as
deemed appropriate by Program (budget, science program, etc.).

2. Award Management Group comprised of various Offices and Divisions within the BFA.
This group is primary responsible for assurance. The linkage with the Science and
Technical Group is with the review and monitoring of cost, scope and schedule as well
as the Project Execution Plan and Recipient performance. The linkage with the Strategic
Group is related to internal NSF processes and procedures.
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3. Strategic Group comprised of various offices within the OD. This group’s role is primarily
with assessing risk. The linkage with the Science and Technical Group is with
communication with external stakeholders.

The IPT is chaired by the PO, see Figure 2.1.6-4. Members are selected by the DDs, ADs or Office
Heads, in consultation with the PO. The PO will convene the IPT at least quarterly to address
any project-related issues.

Figure 2.1.6-4  An Integrated Project Team (IPT), chaired by the Program Officer, is composed of three
subgroups, with appointed Award Management Group members from BFA, Science and
Technology Group members from the sponsoring program offices, and Strategic Group
members from the Office of the Director.
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Major Facilities Working Group

The Major Facilities Working Group (MFWG) assures the uniform and effective programmatic
oversight of major and mid-scale research infrastructure of the National Science Foundation
throughout their entire life cycles.

The MFWG is chaired by the Chief Officer for Research Facilities (CORF). The MFWG meets
approximately monthly and at other times as required and carries out the following duties:
e Provide input to the Facilities Governance Board regarding all strategy, governance, and
implementation issues under consideration by that Board.
e Establish and maintain a list of NSF’s major research infrastructure at all life cycle stages,
development through divestment, and the major upcoming decision points for those
facilities.
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e Support the Head of the Large Facilities Office in reviewing the Major Facilities Guide
(MFG), Standard Operating Guidance (SOG), and Standard Operating Procedures for NSF
facility oversight, and advise the Facilities Governance Board on the sufficiency and
appropriateness of these documents.

e Provide concurrence on a bi-monthly report produced by the Large Facilities Office
summarizing the status of all major research infrastructure facilities in their operation
and divestment stages.

e Provide input, as appropriate, for the Large Facilities Office bi-monthly report
summarizing the status of major facilities and related projects at stages ranging from
development through the completion of construction.

e Maintain situational awareness of each relevant major research infrastructure in their
home directorate and communicate important information via the CORF and the
cognizant Assistant Directors in a timely way.

e Share good practices for the proper oversight of major research infrastructure, and work
with the cognizant Assistant Directors to implement good practices across their
directorates.

The MFWG membership consists of the following members:

e Chief Officer for Research Facilities (Chair);

e Head, Large Facilities Office (Vice-Chair);

e Accountable Directorate Representative (ADR), Directorate for Mathematical and
Physical Sciences (MPS);

e Accountable Directorate Representative, Directorate for Geosciences (GEO);

e Accountable Directorate Representative, Directorate for Biological Science (BIO);

e Accountable Directorate Representative, Directorate for Computer and Information
Science and Engineering (CISE);

e Accountable Directorate Representative, Directorate for Engineering (ENG), and

e Executive Secretary

Advisory Committee of the Sponsoring Organization

The Advisory Committee of the Sponsoring Organization provides input to the NSF AD, or Office
Head of the Sponsoring Organization concerning priorities among and between projects and
other activities sponsored by the Directorate. The NSF Director requires the endorsement of
the Advisory Committee of the Sponsoring Organization prior to requesting NSB action
authorizing a project’s inclusion (at the Director’s discretion) in a future NSF budget request to
Congress.
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2.1.6.4 Governing Bodies

Facilities Readiness Panel

The Facilities Readiness Panel (FRP) advises the Director on Recipient and Programmatic
readiness to advance major and mid-scale facilities projects within the formal Design Stage as
described in NSF’'s Major Facilities Guide (MFG); this includes the transition from Final Design to
Construction. Readiness to enter the Design stage and whether or not to include in a budget
request are strategic decisions made separately. Projects include the major multi-user research
facilities as defined in the American Innovation and Competitiveness Act. Members of the FRP
include:

e Chief Officer for Research Facilities (Chair);

e Head, Large Facilities Office, HLFO;

e Head, Office of General Counsel (or Designee);

e Division Director, Division of Acquisition & Cooperative Support (or Designee); and

e At least 4 senior Program Officers, Section Heads, Deputy Division Directors or Division
Directors (at least 3 from MPS, GEO, BIO, CISE, or ENG)

e Executive Secretary

The primary duties include:

e Assess overall project readiness to advance based on the requirements and guidelines in
the MFG and other internal NSF policies and procedures. This includes technical
readiness of the project itself, business system and management readiness of the
Recipient, and programmatic readiness with regard to adequate oversight.

e Assess whether or not agency risks, including significant project risks managed by the
Recipient that may impact the agency, have been identified and properly considered by
the Sponsoring Organization in developing the Internal Management Plan.

Facilities Governance Board

The Facilities Governance Board (FGB) oversees and makes recommendations on all aspects of
governance of major multi-user research facilities and mid-scale research infrastructure of the
National Science Foundation.

Members of the Board are:
e Chief Officer for Research Facilities (Chair);
e Assistant Directors for MPS, GEO, BIO, CISE, ENG;
e Chief Financial Officer; and
e Executive Secretary
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The primary duties include:

e Advise the Director on all aspects of strategy, governance, and implementation of major
multi-user research facilities and mid-scale research infrastructure.

e Approve the NSF Major Facilities Guide (MFG) and all agency-wide Standard Operating
Guidance (SOG) and supporting Standard Operating Procedures for implementation of
facilities oversight, with input from the Major Facilities Working Group.

e Maintain situational awareness for major multi-user research facilities and mid-scale
research infrastructure at all life cycle stages, from development through divestment,
and advise the Chief Officer for Research Facilities on oversight issues.

e Recommend to Director on renewal, recompetition, or divestment of major multi-user
research facilities, based on the Guidelines for Competition of Major Research Facilities
and subsequent Standard Operating Guidance.

Director’s Review Board

The purpose of the Director’s Review Board (DRB) is to assure the Director that all
recommendations and proposed action items have undergone thorough review, assessment
and discussion. The DRB reviews proposed actions for adequacy of review and documentation
and for consonance with Foundation policies, procedures and strategies. The DRB also brings to
the Director’s attention any policy issues that have been identified.

The DRB is the Director’s forum for reviewing timely recommendations to the NSB on a variety
of critical NSF awards, actions, and information items, including those related to major facilities.
The DRB reviews for responsiveness to questions that may be raised by the NSB.

Members of the DRB may include:

e Chairperson (NSF Deputy Director or other);

e Three ADs, serving on a rotating basis;

e Chief Financial Officer;

e Staff Advisor, OD;

e Executive Secretary, DRB; and

e Such other persons as the Director may designate (i.e., OGCs, Legislative and Public
Affairs, etc.).

Joint meetings between the FRP and DRB may be scheduled as the particular situation warrants
but keeping in mind their distinct roles and responsibilities as described above.

NSF Director

The NSF Director has ultimate responsibility for the approval of the obligation of funds from the
MREFC Account and for proposing new MREFC projects to the NSB, OMB and Congress. The
Director approves all materials submitted to the NSB, OMB or Congress.
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National Science Board

The National Science Board (NSB) establishes policy, reviews and authorizes construction stage
budgets, and reviews and authorizes specific large awards for funding, including major facility
projects.! NSB is an independent body established by Congress in 1950 to set policies for NSF.

Along with the Director, the NSB oversees NSF and establishes NSF policies within the
framework of applicable national priorities set forth by the President and the Congress. In this
capacity, the NSB identifies issues that are critical to NSF’s future, authorizes NSF's strategic
directions, annual budget requests, new major programs and awards, and provides guidance on
the balance between initiatives, infrastructure investments and core programs.?

NSB has established processes for reviewing and authorizes recommended actions and funding
requests from NSF regarding major facility projects.3 The NSB performs certain reviews,
including a periodic review of facilities, and prioritizes projects as necessary. NSB involvement
at each life cycle stage includes:

e Setting Board-level policies and procedures for overseeing all life cycle stages of NSF’s
major facilities;

e Being kept apprised of the status of all major facilities funded by NSF through oral and
written information items, particularly projects in the design and construction stages.

e Authorizes advancement through certain design phases;

e Authorizes inclusion of a candidate project in a future NSF Budget Request to Congress,
after a PDR and NSF Director approval;

e If necessary, recommend priorities for construction start among projects;
e Authorizes the Director to obligate appropriated construction funding to the Recipient;
e Authorizes award of funds to operate major facilities if above the NSB threshold; and

e Authorizes recompetition strategies, divestment, or major reorganization for operations
awards if above the NSB threshold.

1 NSF policy requires the following items to be submitted to the NSB for authorization: (1) Large Awards. Proposed awards
where the average annual award amount is 1% or more of the awarding Directorate or Office's prior year current plan
(including any funds transferred from other Federal agencies to be awarded through NSF funding actions); (2) Major
Construction Projects. NSB authorization is required when the resulting cost is expected to exceed the percentage threshold for
NSB award authorization; (3) Awards Involving Policy Issues or Unusual Sensitivity. NSB interests may include the establishment
of new centers, institutes, or facilities that have the potential for rapid growth in funding or special budgetary initiatives. (Note:
In determining whether anticipated future commitments beyond an initial award amount for any award instrument meet or
exceed the threshold for NSB authorization, every additional anticipated funding action should be added to the initial award
amount. Awards should be submitted for NSB authorization under this criterion as soon as Program staff anticipate that the
total ultimately to be committed is likely to exceed the threshold established for their Directorate or Office.)

2 More about the NSB is available online at https://www.nsf.gov/nsb/

3 See NSB’s meeting minutes with “Annual Timeline for Integration of Board MREFC Process with NSF Budget Process” (NSB-10-
66, approved August 2010).
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2.2 DEVELOPMENT STAGE
2.2.1 Initiation of a Potential Major Facility Project

As in all NSF endeavors, inquiry begins with the research communities, whose members alert
NSF program staff to the most promising and exciting questions and the most important
equipment needed to explore them.

NSF POs, who work closely with those communities, should be attentive to the emergence of
breakthrough concepts and actively encourage discussion and planning. In addition, NSF uses
National Academies’ studies, community workshop reports, professional society activities,
Directorate advisory committees and many other methods to identify opportunities and ensure
continuous community input.

Ideas and opportunities identified by the research communities typically have a 5- to 20-year
forward look and are brought to NSF in the form of a submitted proposal requesting funding for
development. When there are competing concepts, it may be appropriate for NSF to issue a
solicitation inviting proposals.

In most cases, program staff will take a proactive role in facilitating proposal submission, merit
review, recommendations and decision. In so doing, however, a PO should maintain the
position of a neutral, unbiased agent of NSF. Project advocacy should rightly come from the
community, which also participates in the merit review process and whose input is a significant
contributing factor in NSF’s funding decisions.

During the early development stage, there should be sufficient investment by the Sponsoring
Organization (Directorate and/or Division) so that the project is reasonably well defined and/or
described in preparation for the formal design stage.
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2.2.2 Exit from Development to Design Stage

Formal start of the Design Stage for a facility project occurs following a recommendation by the
Chief Officer for Research Facilities (CORF) with input from the Facilities Governance Board
(FGB) and other senior agency officials and written approval by the NSF Director is received.
This process is initiated by a request from the Sponsoring Organization to the Director’s Office
once a project is determined to be ready. Generally, such a request is made when the
Sponsoring Organization has determined that: (1) the project is a high priority for further
development, (2) the project is eligible for MREFC funding (see criteria) and the MREFC funding
route is preferred, and (3) the Sponsoring Organization is committed to begin explicit
investment in more detailed design activities in the current or upcoming budget cycle using
Directorate or Divisional funding (R&RA).

The CORF’s recommendation (as Chair of the FGB) will focus on providing the Director with
answers to the following questions:

Science

e [sthere a compelling science case, and are the project’s goals well-articulated?

e Does the project fit solidly within the NSF “mission,” within the strategic plans of the
NSF and that of the Sponsoring Organization, and within the broader NSF facility
portfolio?

Planning

e Isthe sponsor’s plan for stewardship of the Conceptual Design Phase consistent with the
guidelines set out in the Major Facilities Guide?

e Does the preliminary timeline for development and implementation include
programmatic, NSB, budget and any necessary partnering milestones, including explicit
project off ramps?

e Are potential opportunities for internal and or external partnering being considered, if
not already underway?

e Are there any other major challenges regarding this project that the Director needs to
be aware of?

Based on the CORF’s recommendation and any further examination, the Director then approves
(or disapproves) the project entering the Conceptual Design Phase as a “candidate” project.
Note that no NSF commitment is implied beyond support for the development of a Conceptual
Design. The CORF or Director might alternatively advise the Sponsoring Organization to look
further into any issues and then return for further consideration.
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2.3 DESIGN STAGE — CONCEPTUAL, PRELIMINARY, AND FINAL DESIGN PHASES
2.3.1 Conceptual Design Phase

2.3.1.1 Introduction — Conceptual Desigh Phase

The goal of this first phase of the major facility design stage is the creation of a comprehensive
Conceptual Design that clearly articulates project elements that NSF will consider, including:

e Description of the research infrastructure and technical requirements needed to meet
the science, including a definition and relative prioritization of the research objectives
and science questions the proposed facility will address. Technical requirements must
flow down from the science requirements. This description may be site-independent or
site-specific depending on the nature of the project;

e System-level design, including definition of all functional requirements and major
systems;

e Concept of operations including an estimate of annual operations and maintenance
costs, staffing levels, and other activities

e Initial risk analysis and mitigation strategy for construction, identifying enabling
technologies, high-risk or long-lead items, and research and development (R&D) needed
to reduce project risk to acceptable levels;

e Potential environmental and safety impacts to be considered in site selection (see
“Compliance with Environmental, Cultural and Historical Statues,” at the end of this
section);

e Description of the proposed construction performance baseline (scope of work, budget
and schedule) needed to evaluate readiness and continue planning in preparation for
the Preliminary Design Phase. This includes budget and contingency estimates
appropriate to a Conceptual Design? level and based on the initial Risk Analysis and
initial projections for the construction and commissioning schedule;

e Description of proposed Educational Outreach and Broader Societal Impact, included in
the proposed scope of work, budget and schedule.

Many of these details are included as part of the PEP as described in greater detail in following
sections and in Section 3.4. This Phase may take several years depending on development
activities.

1The budget information should be provided using a Work Breakdown Structure (WBS) format, identifying the basis for
estimates and including a WBS dictionary that defines the scope associated with each WBS element. Contingency estimates
should include an explanation of the methodology used to calculate the estimate.
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2.3.1.2 Conceptual Design Phase Activities

During the Conceptual Design phase there may be a number of coordinated and complimentary
activities taking place with the various entities involved: (1) community activities, (2) NSF staff
activities, and (3) funding considerations.

(1) Community Activities. Proponents of a project should provide NSF with an early concept
proposal that makes a compelling case for the research that would necessitate development of
a facility, and that describes, in general terms, its essential characteristics if the proposal is
unsolicited. Generally speaking, major facilities projects are solicited. In that case, the proposal
must respond to all NSF and programmatic requirements which generally include references to
the Major Facilities Guide if it is already known as a major facility project. These initial proposals
identify what is known at that point in project development, as well as what tasks remain to be
accomplished in order for NSF to consider a project for eventual funding. In the near term, they
also define what work should be done to develop the project to the Conceptual Design level of
maturity.

An NSF PO will be assigned to be the primary point of contact with the Principle Investigator
(P1) and/or Project Manager. The NSF PO conducts a merit and technical/programmatic review
of the proponents’ proposal, and either recommends or declines the request for funding. If
funded, the PO will work with their Directorate and/or Division to organize an Integrated
Project Team to provide coordination on project oversight and assurance.

Proponents should acquaint themselves with NSF’s expectations for the essential elements of a
construction-ready PEP as described in Section 3. Proponents should also develop a skeletal
plan that will result in the future definition of each of these elements, should NSF encourage
further pre-construction planning. The plan should address, even if only in the most cursory
way, each of the essential elements that should be realized in a formal construction-ready PEP.

For example, proponents may wish to develop a “straw man” PEP that contains sections labeled
using each of the entries in Section 3.4, with as much supporting information provided based
on the outputs from the Development Stage (if any) and/or the requirements in the solicitation.
This serves to illustrate an understanding to all parties of the range and magnitude of the tasks
ahead.

1 Administratively, the Program Officer (PO) is part of a Directorate or Office that provides supervisory oversight and the
budgetary authority to fund PO actions. Actions of the PO described here and in subsequent life cycle stages of facility
development implicitly recognize the authority of the individuals within this supervisory structure to appropriately guide, direct,
and approve the actions of the PO. In particular, when the phrase “PO concurrence” is used in the following text, this assumes
concurrence at whatever management level the AD or Office Head has required. Refer to Section 2.1.6 for a brief description of
the duties of the PO, AD, and others referred to in the Major Facilities Guide.
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(2) NSF Staff Activities: In response to the development of an early version of a PEP, the PO,
with the advice of the IPT, develops an Internal Management Plan (IMP).!

This internal document specifies how NSF will conduct its oversight and assurance of the
project, and provides budgetary estimates for developing, constructing and operating the
facility. It also identifies critical issues and risks facing the project (for example: project
management issues, completion of essential R&D activities, partnership agreements, award
closeout or divestment liabilities) and lays out a strategy for financing these activities.

The PO develops the IMP with advice and assistance from the IPT, following internal operating
guidance. The IMP is approved by the cognizant NSF AD after review and approval within the
Sponsoring Organization. The IMP describes the plan for NSF management and funding of the
project to CDR, proposes transitional steps to be taken if the project is admitted to the
Preliminary Design Phase, and lays out NSF’s plan to oversee development of the project
including internal and external review. Each major facility project undertaken by NSF has
unique characteristics. Accordingly, the IMP should be adapted to meet the specific needs of a
particular project. The IMP should state the justification for pursuing alternatives to the
guidelines contained in the Major Facilities Guide.

3) Funding Considerations. During the Conceptual Design Phase, NSF and/or other institutions
and agencies begin to invest research and development funds in design development, and in
efforts that promote community building and planning. Investment in fundamental research
activities, community building, and initial planning activities may occur over many years, and
some are recognized as having contributed to the conceptual design effort only in retrospect.?

The cumulative pre-construction investment in research, planning and development that occurs
during the Conceptual Design, Preliminary Design, and Final Design phases may range from five
to 25 percent of total construction cost, depending on the complexity of the project, and
typically amounts to about 10 percent of the construction cost. The technology needed to
construct a facility may be uncertain, unproven or immature, requiring substantial development
over a period of years.

NSF may decide to fund additional planning and development efforts for particular projects
depending on the outcomes of the review and whether or not the Conceptual Design Phase was
funded.3 Such activities might include workshops in one or more disciplines, National

1 Questions about Internal Management Plans should be addressed to the relevant PO.”

2 Some projects come to NSF very well developed, requiring little in the way of conceptual design phase support. They are
subjected to the same rigorous scrutiny, however, as they are developed by the responsible NSF Directorates or Offices.

3 Relevant program solicitations may be released to announce funding opportunities for these planning and development
efforts.
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Academies’ studies, and research projects related to the development of new technologies.!
These activities might be funded as part of the Conceptual Design Phase award, or through a
separate proposal submission.

2.3.1.3 Conceptual Design Review (CDR)

The Conceptual Design Phase is complete when a package containing the Conceptual Design
and funding request leading to a Preliminary Design is received, reviewed, negotiated and
approved for funding. The funding request will generally be submitted as a supplemental
request to the original award.

The package should include the refined PEP and any additional information required by
Program to assess the project readiness and management to-date. Components of the PEP are
given in Section 3.4.

NSF will subject the Conceptual Design package to external review, applying standard NSF
criteria (Intellectual Merit and Broader Impacts) as well as other programmatic and technical
criteria as given in the original solicitation and the panel charge. Projects that review well will
be further evaluated by NSF to apply the second ranking criteria (agency strategic fit), in
accordance with the principles stated in the joint NSB/NSF Management Report: Setting
Priorities for Large Research Projects Supported by the National Science Foundation
(NSB-05-77). (See Appendix A for discussion of ranking criteria.)

The review panel will, as appropriate, involve external experts, consulting firms, and in-house
expertise in the science, technology and business communities to scrutinize and validate the
supporting planning documents. The scope of this review includes assessment of the scientific,
technical and project-management aspects of the proposal.

The review is organized and conducted by the PO in consultation with the LFO Liaison and
G/AO. The PO has overall responsibility for organizing the review, and throughout the review
process acts as the interface between the NSF and the Recipient. The PO authors the review
charge and organizes the review panel. The LFO Liaison and G/AO strengthens the review
process by specifying language for incorporation within the charge and for aspects of the
review agenda pertaining to project management issues and recommending panelists able to
advise NSF in non-science related areas of the review. The PO, LFO Liaison, and G/AO concur on
the implementation of these recommendations. Following the review, the PO and the LFO
Liaison will each independently assess the review, confer on areas of concern, share their
views, and report their observations through their respective supervisory chains — the PO via
the administrative structure of the Sponsoring Organization and the LFO Liaison via the HLFO.

1 NSF encourages disciplinary and interdisciplinary science planning by all of the research communities that NSF supports. In
particular, NSF encourages formal planning in fields in which scientists and engineers have traditionally not been organized to
identify major facility projects needed for breakthrough advances.
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At this point, the conceptual design baseline is likely to have significant uncertainties. Cost
estimates at CDR are generally parametric in nature. Contingency estimates, representing work
scope not yet defined but nevertheless essential to the completion of the project, will be a
significant fraction of the total project budget estimate. Significant unknowns and uncertainties
often remain to be addressed in more advanced stages of planning and development. The
conceptual design, system requirements, supporting budget estimates, risk analysis, and
forecasts of interagency and international partnerships should be detailed enough for NSF
program officials to decide whether the project concept warrants further funding for
development.

In conjunction with the CDR, the initial high-level NSF Cost Analysis will be initiated and
conducted jointly with key assurance members of the IPT; namely DACS, the Division of
Institution and Award Support (DIAS), and the LFO. The Cost Analysis will be conducted following
NSF internal operating guidance. Guidance on refinements to the Recipient’s Cost Book will be
provided as necessary in preparation for the Preliminary Design Phase.

2.3.1.4 Exit from the Conceptual Design Phase

Formal exit from the Conceptual Design Phase typically entails four NSF actions:

1. Successful completion of the CDR as described above,

2. Recommendation for advancement by the sponsoring Directorate,

3. Facilities Readiness Panel Review and Recommendation, and

4. Approval for advancement to the Preliminary Design Phase by the Director

Recommendation for Advancement by the Sponsoring Directorate

The AD relies on community inputs, discipline-specific studies, advisory committee recommenda-
tions and internal NSF considerations to prioritize the opportunities represented by the project
relative to competing opportunities and demands for resources. If, in the judgment of the AD, the
scientific merit and relative importance of the proposed facility are sufficiently strong to justify
advancement of the project into the Preliminary Design Phase, the AD will submit a
memorandum to the Facilities Readiness Panel recommending the project for support, that
explains how it meets the requirements for construction funding and how it satisfies the
following criteria:

e The project’s science (research) program addresses one or more science objectives,
clearly demonstrating a compelling need for the project;

e The project has been reviewed by the research community and by NSF, in consultation
with Directorate Advisory Committees, and has been assigned a very high priority;* and

1 Evaluation by NSF includes external merit review, using the NSF merit review criteria and the 1st ranking Criteria and
evaluation by the Facilities Readiness Panel, using the 2nd ranking Criteria in Appendix A.
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e The project’s CDR indicates that: (1) the engineering design and construction plans are
appropriately defined at the conceptual design level of project maturity and that the
management plans and budget estimates for further planning and development, as well
as constructing and operating the facility are reasonable; (2) the sponsoring Directorate
endorses the IMP and Project Development Plan! (PDP) for further development to the
Preliminary Design Phase; (3) the technology to create the facility exists or can exist
shortly, and can be used without excessive risk; (4) other risks to development are
satisfactorily defined and minimized or otherwise addressed in the IMP, and (5) there
are no better alternatives to the facility (i.e., with a better mix of cost and quality) that
would address the science objectives in a timely manner.

Supporting documentation, including the approved IMP, relevant review evaluations, and any
other supporting information should accompany this memorandum. All materials are
transmitted to the Facilities Readiness Panel (FRP) by the AD or Office Head of the Sponsoring
Organization.

Approval by the Director

The Director evaluates the FRP recommendation and, if satisfied, approves advancement to the
Preliminary Design Phase.

At its May meeting, the NSB reviews the portfolio of projects which are being considered for
future funding and evaluates relative priorities that guide NSF’s investment looking across the
entire range of disciplines served by NSF within the constellation of other competing
opportunities, existing facilities, and the balance of support for infrastructure, its utilization,
and individual investigator-led research.

More information about the role of the NSB in selecting and prioritizing major facility projects is
available in Section 2.1.6 on Roles and Responsibilities.

1The Project Development Plan is part of the PEP, providing the plan to develop the project design and definition to readiness
for construction. See Section 3.4 for details.
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2.3.2 Preliminary Design Phase

2.3.2.1 Introduction — Preliminary Design Phase

The Preliminary Design Phase further develops concepts to a level of maturity in which there
are: a fully elaborated definition of the motivating research questions; a clearly defined site-
specific scope; a PEP and an IMP that address major anticipated risks in the completion of
design and development activities and in the undertaking of construction; and an accurate
budget estimate that can be presented with high confidence to the NSF Director, NSB, the
Office of Management and Budget (OMB), and
Congress for consideration for inclusion in a future “Off-ramps”

NSF budget request. Projects may be removed from the Preliminary
Design Phase by the NSF Director due to:

To satisfy these requirements, the project is
developed to a Preliminary Design? level of
_maturlt.y. Results of this development are reflected criteria defined in the IMP/PEP;

in a revised and updated PEP.? Components of the e Eclipse by other projects;

UpdatEd PEP that deserve partiCUIar emphaSiS at e Collapse of major external agreements;

this stage include: e Extensive estimated or actual cost

. increases;
* Update of the project development plan e Significant changes in schedule for design

bUdget and timeline, with major readiness or eventual construction;

anticipated risks in the completion of e Unexpected technical challenges;

design and development activities; e Changes in the research community that
indicate eroding support for the project;

e Any other reason that the Director deems
sufficiently well-founded.

e Insufficient priority over the long term;
e Failure to satisfy milestones or other

e Refinement of the research objectives and
priorities of the proposed facility;

e Update of the description of the required
infrastructure, site-specific design, and
definition of interconnections of all major subsystems;

e Environmental Assessments or Environmental Impact Statement (if applicable);

e Bottom-up budget and contingency estimates for construction, presented using a Work
Breakdown Structure (WBS) structure and supported by a WBS dictionary defining the
scope of individual elements;

e Scope management plans that include de-scoping options and scope opportunities that
can be implemented depending upon available contingency levels.

1 NSF utilizes the conventional definition of preliminary design as used by project managers — a site-specific design defining all
major subsystems and their interconnections, a level of design completeness that allows final construction drawings to
proceed, cost estimation based on construction bidding, and bottom-up estimates of cost and contingency. Preliminary design
usually has a specific meaning within a particular industry or discipline, and NSF adopts the definition most appropriate to each
particular project, as defined in the Project Development Plan part of the PEP.

2 See Section 3.4 for a description of the PEP.
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e Updated construction schedule with contingency estimate;

e Updated Educational Outreach and Broader Societal Impact plan that includes the scope
of work, required budget and schedule to implement the plan, plus the budget and
schedule needed to develop the plan from preliminary design to final design;

e Implementation of a Project Management Control System (PMCS) ! and inclusion within
the preliminary design of a resource-loaded schedule;

e Updated risk analysis, including regulatory issues affecting construction or operation,
and time-dependent factors such as inflation indices, price volatility of commodities,
etc. (The preliminary design budget estimate will be the basis for a future NSF budget
request to Congress if the project successfully emerges from the Preliminary Design
phase. Costs and risks should be projected forward to the anticipated award date for
construction funds.)

e Demonstration that key technologies are feasible and can be industrialized if required;

e Plans for management of the project during construction, including preliminary
partnership arrangements and international participation, oversight of major subawards
and contracts, organizational structure and management of change control;? and

e Updated estimates for future operating costs, anticipated future upgrades, or possible
decommissioning costs of the facility at the end of its operating life.

2.3.2.2 Preliminary Design Phase Activities

During the Preliminary Design Phase, the earlier conceptual design evolves into a more mature
plan with respect to the baseline and contingency definitions. The WBS elements and resource
estimates benefit from additional knowledge and planning. Consequently, budget uncertainty
for projected construction is much reduced relative to the earlier conceptual design. At the end
of the Preliminary Design Phase, the resulting total project cost is used to inform the budget
request to Congress. Typically, a significant proportion (often one-third or more) of the total
pre-construction planning budget is expended achieving the preliminary baseline estimate.

Interim reviews? during the Preliminary Design Phase will be conducted by NSF as described in
the IMP. This stage culminates in a Preliminary Design Review (PDR), conducted by NSF, to
ensure that all aspects of the project definition and planning are robust. The results of the PDR
are reported by the Facilities Readiness Panel, followed by a recommendation from the CORF to

1The PMCS involves both the software tools for development of the project databases and the processes and procedures
needed to organize and manage the project; schedule and optimize project resources; compute and track Earned Value and
evaluate project risk factors; and manage the change process by evaluating the effects of alterations to the baseline on the
project’s planned budget and schedule. See Figure 4.2.2-1 for examples of project controls systems inputs and outputs.

2These plans are a preliminary, but relatively mature version of the Project Execution Plan that defines how the project will
conduct itself during the construction stage — see Section 3.4.

3 Interim reviews are typically held semi-annually. Exceptions to this, dictated by the needs of a particular project, may be
justified and will be listed in the award terms and conditions.
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the Director for decision on forwarding to the NSB for possible inclusion in a future budget
request.

2.3.2.3 Preliminary Design Review (PDR)

NSF conducts a PDR, organized and led by the PO, to assess the robustness of the technical
design and completeness of the budget and construction planning. Like CDR, the review is
organized and conducted by the PO in consultation with the LFO Liaison and G/AO. The PO has
overall responsibility for organizing the review, and throughout the review process acts as the
interface between the NSF and the Recipient. The PO authors the review charge and organizes
the review panel. The LFO Liaison and G/AO strengthens the review process by specifying
language for incorporation within the charge and for aspects of the review agenda pertaining to
project management issues and recommending panelists able to advise NSF in non-science
related areas of the review. Following the review, the PO and the LFO Liaison will each
independently assess the review, confer on areas of concern, share their views, and report their
observations through their respective supervisory chains — the PO via the administrative
structure of the Sponsoring Organization and the LFO Liaison via the HLFO.

The review scrutinizes the effectiveness of project management through this phase of
development, as well as plans for completion of final design and eventual construction and
operation. The PDR may utilize, as appropriate, external experts, consultants and outside firms
to evaluate proposed plans and budgets as described in the Project Execution Plan (PEP). The
PDR also examines the management structure and credentials of key staff to assure NSF that an
appropriately skilled management organization is ready to complete final design activities and
execute the construction phase of the project.

Once the project has satisfied any recommendations made by NSF as a result of external
review, and resolved any outstanding issues, the Directorate recommends to the Facilities
Readiness Panel that the project is ready for advancement to the Final Design Phase of
development and is a candidate for NSB authorization for inclusion in a future NSF budget
request for construction funding. At any time, the Facilities Readiness Panel or the OD may
request further external review.

Following the PDR, the PO updates the IMP to describe proposed plans for budgeting and
oversight, and to finalize commitments from interagency and international partners during final
design. The PO directs the Recipient to update the Project Development Plan (PEP-3.1) to lay
out the work scope, budget and schedule necessary to bring the project to Final Design.

In conjunction with the PDR, the second, more detailed NSF Cost Analysis will be initiated and
conducted jointly with key assurance members of the IPT; namely the Division of Acquisition
and Cooperative Support (DACS), the DIAS, and the LFO. The Cost Analysis will be conducted
following NSF internal operating guidance. Guidance to the Recipient on refinements to the
Cost Book will be provided as necessary in preparation for the Final Design Phase.
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The completion of project planning and development, culminating in a Final Design, should be

aligned with the expected time-scale for requesting and appropriating construction funds. The

NSF Budget Office is the coordinator for this critical planning activity, bringing projects forward
for construction only if OMB and Congress are likely to approve the request and appropriation

of funds within the time period in which the Preliminary Design plans and cost estimate remain
valid.

2.3.2.4 Exit from Preliminary Design Phase

A candidate project exits from the Preliminary Design phase and enters the Final Design phase
after the following have been completed:

1. Asuccessful PDR and subsequent support from the Directorate,

2. Areview and recommendation by the Facilities Readiness Panel for advancement to the
Final Design Phase,

3. Areview and recommendation by the DRB for advancement to the Final Design Phase,

4. The NSF Director approves advancement and recommends to the NSB inclusion of the
project in a future year budget request, and

5. The NSB authorizes inclusion in a future construction budget request.

2.3.2.5 NSF Director’s Recommendation for Advancement to Final Design

The Facilities Readiness Panel and the Director should first be satisfied that the following
conditions have been met before making a recommendation to the NSB for authorization:

e The AD of the sponsoring Directorate continues to assert the high scientific merit and
importance of the project and has a sound financial plan for supporting the remaining
pre-construction planning activities and the future operations and use of the facility.

e The Preliminary Design PEP has been successfully reviewed by an external panel of
experts in order to obtain the best possible objective advice from authorities in the
fields and disciplines utilized by the project.

e An appropriate Integrated Project Team (IPT) is in place and has provided assurance that
the Preliminary Design total project cost has been satisfactorily analyzed at a high
degree of confidence to support the budget request.

e Updated Internal Management Plan (IMP) has been reviewed by the IPT.

e The Facilities Readiness Panel concurs that the Preliminary Design PEP and IMP are
reasonable and poses an acceptable level of technical/programmatic risk, and that
anticipated costs for construction and operation are sufficiently well known.

e The NSF Director is satisfied that external participation in all phases of the project (other
agencies, international and/or private sector entities, etc.) is well planned.
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2.3.2.6 National Science Board Authorization

The final steps for exit from the Preliminary Design Phase are review and authorization by the
NSB for advancement into the Final Design phase and inclusion in a request to the OMB for
future year funding.

The Sponsoring Organization is responsible for preparing the documentation needed for the
NSB to review and authorize a proposed major facility project for advancement to Final Design
and inclusion in a future budget request.! Prior to NSB submission, the Director’s Review Board
(DRB)? reviews the completeness and appropriateness of the documentation supporting
advancement of the project (such as prior phase reviews, committee evaluations, PEP
evaluation and reviewed proposal ratings) to ensure adherence to NSF processes and policies.

As NSB considers projects for advancement to Final Design, NSF makes available to the NSB,
upon request, the PEP and IMP, and the reviews from the community, the Major Facilities
Working Group, the LFO, the Facilities Readiness Panel and other relevant parties. The NSB
considers the following elements, applying primarily the third ranking criteria identified in
Appendix A, as appropriate:

e The priority of the project in advancing NSF’s strategic goals;

e The research and science enabled by the proposed facility;

e Construction readiness and risks to the agency;

e Budget justification for construction and operation of the facility; and
e The likelihood that funding will be available in the next few years.

As with all NSF proposals, the quality of the Intellectual Merit and Broader Impact activities,
including educational outreach, plays an important role in funding decisions. If NSB authorizes a
project for future-year funding, it specifies its priority among all projects in the approved
stage.3 If a project is not approved, or if an approved project’s plans are no longer deemed to
be clearly and fully construction-ready, NSB will remand that project to the Preliminary Design
phase for further work or recommend that the project be terminated.

2.3.2.7 Inclusion in an NSF Budget Request

Each year, the NSF Director proposes, in priority order, the NSB-authorized construction-ready
projects for the MREFC Account. If an MREFC “new start” is approved for inclusion in the
President’s Budget Request to Congress, then Congress may ask for additional information
through formal hearings and/or informal briefings. Once Congress passes an appropriations act
for NSF and the President signs it into law, NSF may then obligate funds.

1 NSF Proposal and Award Manual (PAM) and internal operating guidance documents provide guidance on the DRB package.
2 See Section 2 and Section 2.1.6 on Roles and Responsibilities.

3 The Board assigns the very highest priority to projects that are under construction. There is no priority among active projects;
they should all move forward at a suitable pace.
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2.3.3 Final Design Phase

2.3.3.1 Introduction — Final Design Phase

The goal of the Final Design Phase is to meet the requirements necessary to advance the
proposed project to the subsequent Construction Stage. Budgetary and administrative
requirements for entry include NSF review and approval of the project’s preliminary design as
described in the PEP, and NSB authorization to include the project in a future NSF budget
request.

Technical requirements include:
e Delivery of designs, specifications and work scope that can be placed for bid to industry;
e Refined bottom-up cost estimates and contingency estimates;

e Implementation of a PMCS for project technical and financial status reporting, including
Earned Value Management Systems (EVMS);

e Completion of recruitment of key staff and control account managers needed to
undertake construction of the project;

e Industrialization of key technologies needed for construction;
e Finalization of commitments with interagency and international partners; and

e Submission to NSF of a PEP? for construction.
Successful exit occurs after the following steps are completed:

Successful review of the final design baseline including any receipt of bids;

2. Joint review by the DRB/Facilities Readiness Panel;
3. NSB review and authorization for the NSF Director to obligate construction funds; and
4. Final negotiation of the terms and conditions of the award instrument for the activities

in conformance with the final baseline.

2.3.3.2 Final Design Review (FDR)

Projects should continue to receive pre-construction development funds in order to produce a
Final Design, which includes the following elements:

e Afinal construction-ready design;
e Tools and technologies needed to construct the project;

e A project management plan describing governance of the project, configuration control
plans, EVMS, and plans for reporting technical and financial status, managing sub-
Recipients and working with interagency and international partners;

1 Refer to Section 3.4 for details of the PEP.
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e A fully implemented PMCS, including a final version of the resource-loaded schedule and
mechanisms for the project to generate reports — using an NSF verified Earned Value
Management System (EVMS)! — on a monthly basis and use them as a management
tool. Path dependencies, schedule float, and critical path are defined;

e The scope of work captured in detailed WBS format, accompanied by a WBS dictionary
defining the scope of all entries, and a scope management plan including potential
descope options and scope opportunities;

e Updated budget and schedule, with their respective contingencies, including detailed
risk analysis and methodology, presented in the detailed WBS format;

e An updated Educational Outreach and Broader Societal Impact plan (including the scope
of work, budget and schedule) that also includes the capital investment required to
meet the needs of the proposed Educational Outreach and Broader Societal Impact
plan;

e An appropriate proportion of the budget based on externally provided information such
as vendor estimates or quotes, publicly available supplier prices, and the like;

e All necessary partnership agreements and MOUs;
e Fit-up and installation details of major components and commissioning strategy;

e Plans for Quality Assurance and Safety Management, integrated into the resource-
loaded schedule;

e Updated operating cost estimates; and

e Certification that all of the pre-construction planning topics, including those listed in
Section 3, are fully complete and determined to be adequate.

The PO is responsible for organizing and leading the FDR. The review is conducted according to
the same standards and with the same respective roles for the PO and LFO Liaison as described
previously for the CDR and PDR.

The scope of the FDR includes assessment of the technical and project-management
components of the proposed project. A review panel may provide an objective view of the
project and a critical evaluation of the plans and risks embodied in the proposed program as
the schedule permits. In consultation with the IPT, the IMP should continue to be assessed
annually by the Program Officer and updated as required to ensure that the underlying
assumptions about the project remain valid. If construction funds fail to be appropriated as
planned, the NSF Director may choose to mandate annual project status reviews to assure NSF
of the continued viability of the project’s plan and budget for construction.

1 During construction, progress must be tracked and measured using an Earned Value Management System based on EIA-478
criteria (OMB A-11 Capital Programming Guide (2016)). This requirement applies to the award Recipient who acts as a prime
contractor. Secondary contractors to the award Recipient are not required to follow formal EVMS, but must be able to provide
the appropriate inputs to the prime for EV reporting.
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Following the review, the PO and the LFO Liaison will each independently assess the review,
confer on areas of concern, share their views, and report their observations through their
respective supervisory chains.

In the event the project’s construction plans are determined to be inconsistent with the
pending budget request, NSF will undertake remedial action. Should remedial action be
necessary following the review, the sponsoring Directorate recommends this to the OD after
consultation with the IPT, internal deliberation, and if appropriate, consultation with the
Facilities Readiness Panel. Remedial action may include, for example, revision of the project’s
budget, scope, and/or schedule, or withdrawal of NSF’s request for construction funding (off
ramp).

2.3.3.3 Exit from the Final Design Phase

A candidate project exits from the Final Design Phase and enters the Construction Stage after
the following have been completed:
1. A successful review of the Final Design PEP including any receipt of bids and subsequent
support from the Directorate,
2. Areview and recommendation by the Facilities Readiness Panel for advancement to the
Construction Stage,
A review and recommendation by the DRB for advancement to the Construction Stage,
4. The NSF Director approves advancement and recommends NSB authorization for a
Construction Stage award, and
5. The NSB authorizes a Construction Stage award.

w

2.3.3.4 NSF Director’s Recommendation for Advancement to Construction Stage

The Facilities Readiness Panel and the Director should first be satisfied that the following
conditions have been met before making a recommendation to the NSB for authorization:

e The AD of the sponsoring Directorate continues to assert the high scientific merit and
importance of the project and has a sound financial plan for supporting the remaining
pre-construction planning activities and the future operations and use of the facility.

e The Final Design PEP has been successfully reviewed by an external panel of experts in
order to obtain the best possible objective advice from authorities in the fields and
disciplines utilized by the project.

e Updated Internal Management Plan (IMP) has been approved by the Directorate.

e An appropriate Integrated Project Team (IPT) is in place and has provided assurance that
the Final Design total project cost has been satisfactorily analyzed at a high degree of
confidence to support the “No Cost Overrun” policy (NCOP).

e The Facilities Readiness Panel concurs that the Final Design PEP and IMP are reasonable
and poses an acceptable level of technical/programmatic risk, that anticipated costs for
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construction are sufficient to implement the NCOP, and the updated cost of operations
are sufficiently estimated.

e The NSF Director is satisfied that external participation in construction and operations
(other agencies, international and/or private sector entities, etc.) carries acceptable risk.

2.3.3.5 National Science Board Authorization for Construction

NSB reviews the recommendation and authorizes the NSF Director to obligate funds for
construction award(s). Following the Director’s approval, an award (either a cooperative
agreement or contract) is negotiated between NSF and the Recipient, and construction
activities begin in conformance with the negotiated Performance Measurement Baseline
(PMB).

The NSB authorized Total Project Cost (TPC) following the Final Design Review (FDR) establishes
the not-to-exceed cost under NSF’s “No Cost Overrun” policy. Section 4.2.5.2 describes NSF
practices to meet this policy.

The NSF Cost Analysis initiated in conjunction with the FDR and conducted jointly with key
assurance members of the IPT; namely the Division of Acquisition and Cooperative Support
(DACS), DIAS, and the LFO will determine the final negotiated award amount for Construction.
The analysis will encompass such things as negotiated subawards and contracts associated with
initiating construction and negotiation of final indirect cost and labor rates. The Cost Analysis
will be conducted following NSF internal guidelines. Questions about the Cost Analysis should
be directed to the PO and/or the relevant G/AO or CO.
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2.4 CONSTRUCTION STAGE
2.4.1 Construction Award Management and Oversight

After Congress appropriates funds for the project, NSF proceeds to award the cooperative
agreements (CAs) or contracts for construction, acquisition, and commissioning of the facility.
The policies and procedures in the publicly available NSF Proposal and Awards Policy and
Procedures Guide, apply to major facility projects awarded under a cooperative agreement.
Questions about the internal guidance that covers details of the internal award process from
proposal generation through merit review, DRB and NSB reviews, and final award should be
directed to the PO. The Recipient(s) provides periodic financial and technical status reports to
NSF according to the terms and conditions of the CA or contract. The project is subjected to
periodic post-award reviews that may examine any or all of the following topics: technical
performance, cost, schedule, and management performance. These reviews are typically held
at the facility and are conducted at least annually. More frequent reviews may take be
scheduled based on the project’s expenditure rate or due to any other technical or
management issues that arise.

NSF selects the annual review panel members who are typically external experts covering all
aspects of the project, and assess technical progress, cost, schedule, and management
performance. These panels report directly to NSF and provide advice on project direction and
any needed changes. The reviews are organized and conducted by the PO in consultation with
the LFO Liaison and G/AO. The PO has overall responsibility for organizing the review, and
throughout the review process acts as the interface between the NSF and the Recipient. The PO
authors the review charge and organizes the review panel. The LFO Liaison and G/AO
strengthens the review process by specifying language for incorporation within the charge and
for aspects of the review agenda pertaining to project management issues and recommending
panelists able to advise NSF in non-science related areas of the review. (Note: Many projects
invite panels of experts to review and advise on project plans and progress. Such panels report
to the Project Director and are not a substitute for NSF-organized external oversight reviews.)
Because panel recommendations are to NSF and not the Recipient, NSF will generally issue
written guidance to the Recipients for subsequent response and action.

Progress against the project plan is provided through the use of formal Earned Value
Management Systems (EVMS), which provide measurement of ongoing project status, including
deviations or variances from the PMB. The results of the EVM reporting and analysis and any
actions taken, are reported to NSF in the monthly progress report. The Recipient should consult
with the PO and GA/O or CO as necessary on the requirements for the monthly progress
reports. Further information is also provided in Sections 4.2.5.8 and 4.6.2 of this Guide.
Generally, when cost and/or schedule performance begins to deviate from plans, change
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control is exercised by the project through a Change Control Board (CCB)?! action, resulting in
modifications to the project’s budget or schedule contingency. It is also normal practice for a
project to update its budget and schedule Estimates to Complete (ETC), which also may result in
PMB changes.

Whenever a project approves a change control action that results in allocating or returning
contingency to the pool of contingency funds, the PMB budget will also change.

Similar change-control actions affect the PMB schedule. They revise the project PMB schedule
and the available schedule contingency or “float” time — that is, the difference between
milestones on the schedule’s critical path and the expected completion dates for activities that
lead to the accomplishment of those milestones.

Modifications to the PMB that are within the defined scope and do not change the total project
duration or Total Project Cost are referred to as “re-planning”. Re-planning may be due to
adjustments or re-organization of the project plan and/or may signify that contingency is being
expended in an expected manner. If the allocations of budget and schedule contingency are
below the budget or schedule thresholds identified in the award instrument (CA or contract
agreement) between NSF and Recipient, the change requests are approved unilaterally by the
project. NSF approval is required when the CCB recommends re-planning change actions that
exceed the budget or schedule thresholds identified in the terms and conditions in the
agreement or contract between NSF and Recipient. Each will have a different threshold for
approval. Approval levels for scope changes are generally outlined in the award instrument.

Minor changes in scope may also fall under re-planning activities. The project maintains a scope
management plan (PEP-4.4) which describes the project process for maintaining control of
scope and outlines scope changes that can be implemented depending upon the project’s
forecast of its ability to complete the project within the approved TPC and duration. The project
can elect to implement minor de-scoping options or to defer scope through the change control
process if it needs to increase the amount of contingency as part of the strategy to prevent
potential cost overruns. It can also elect to implement project enhancements that are within
existing scope of work definitions, following the project change control process and approval
process as set in the award or contract terms and conditions.

It is essential for the project management to respect the project PMB rigorously, maintaining
each adjusted PMB in the project’s database along with the attributed CCB actions. This allows
the project and NSF to systematically track the evolution of the PMB from its initial release
through all subsequent changes.

1 A CCB comprises the senior project managers responsible for defining the project's resource requirements and allocating or
expending those resources. It typically consists of the Project Director, Project Manager, Business Manager, control account
managers of principal work breakdown structure elements, chief scientist and engineer, and systems engineer. It may include
other project staff whose authority pertains to the range of activities considered by the Board.
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“Re-baselining” occurs when the changes involve:

1. Increases in the NSB-authorized TPC,
2. An extension beyond the total project duration, and/or
3. Major changes in scope.

When the proposed changes reach the re-baselining level, the approval process involves NSF
and may involve the NSB. Changes in project end date follow NSF’s No-Cost Extension (NCE)
policies. Major changes in scope should be part of the scope management plan and should
follow the project change control process, including NSF approval; if science goals are
significantly impacted, NSB authorization may also be required. An increase in TPC exceeding 20
percent of the NSB-authorized TPC or $10 million (whichever is less) must be reviewed and
authorized by the NSB following a recommendation by the Director. Prior to requesting
approval to re-baseline, a new external baseline review should be conducted to examine the
nature of the problems encountered, and to determine whether de-scoping should be
exercised per the approved scope management plan (PEP-4.4) or, if not, whether the problems
can be solved by use of budget and/or schedule contingency or other means. Upon review and
approval, scope, cost, and schedule are stabilized, and contingency is adjusted to appropriate
levels.

Whenever significant scope, cost, or schedule increases are foreseen, it is most important that
the LFO Liaison is consulted early, concurs with the PO on the details of the Sponsoring
Organization’s plan, and advises and concurs on details of the external re-baselining review.
Similarly, when there are indications that project cost or schedule contingency will fall below
reasonable standards,! the PO should discuss plans for dealing with the variance with the
Project Director. This information should be clearly noted in the monthly status report that
goes to the HLFO. The LFO is a resource for helping to deal with such problems and for helping
to identify steps that can be taken to restore adequate contingency.

In addition to supplying regular status reports required in the terms and conditions of the
award instrument, it is essential that project staff inform the PO and/or the G/AO (or CO) in a
timely manner of major issues or significant changes in project status, such as a potential re-
baselining, problems with partnerships, or surprising research and development results. NSF
management, the Chief Officer of Research Facilities, and the NSB should in turn be informed of
such developments by the PO. The primary mechanism for coordinating both the transfer of
information and the coordination of any required actions by NSF is through the NSF Integrated
Project Team (IPT).

On rare occasions, major facility projects under construction may encounter unforeseen
budget, schedule, technical, or programmatic challenges that are of a substantial enough level

1See details in Section 4.6, Requirements for Performance Oversight, Reviews and Reporting.
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to be considered grounds for termination or significant modification to the original project
goals. NSF will provide the NSB with appropriate information and a recommendation by the
Director. The NSB will decide whether termination or significant modification to the original
project goals is warranted.?

1 Joint NSB-NSF Management Report: Setting Priorities for Large Facility Projects Supported by the National Science Foundation
(NSB-05-77); September 2005.
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2.4.2 Construction Award Close-out

2.4.2.1 Project Close-out Process

All NSF-funded research awards have final reporting and close-out procedures for the purpose
of ensuring funds have been properly used and to provide the public with information on the
research outcomes (PAM 2017, Chapter Xlll). The close-out process for major multi-user
research facility construction awards has the same basic purpose and is governed by the same
NSF policy.

As part of the annual construction review process outlined above in section 2.4.1 Construction
Award Management and Oversight, at an appropriate time approaching or following
construction completion, NSF will conduct a final construction review. This review is intended
to assess the extent to which the required scope was delivered in accordance with the PEP and
award terms and conditions.

The first step in the formal award-close-out process for major multi-user research facility
construction assistance awards is for the Recipient to submit the Final Project Report and
Project Outcomes Report for the General Public per the reporting requirements detailed in the
Proposal and Award Policies & Procedures Guide (PAPPG). The Final Project Report should
clearly map project accomplishments and deliverables to the Programmatic Terms and
Conditions of the Cooperative Agreement and Cooperative Support Agreement and should be
informed by the final construction review. There may be additional close-out reporting
requirements detailed in the governing Cooperative Agreement (CA) or Cooperative Support
Agreement (CSA). It is the Recipient's responsibility to understand and satisfy all close-out
requirements.

The Program Officer (PO) reviews these reports and distributes, as appropriate, to other NSF
offices involved in award close-outs such as Office of General Counsel, and the Office of Budget,
Finance, and Award Management (BFA). Once the PO is satisfied with the Final Project Report
as submitted, he/she formally approves the report by accepting it in elacket. Following this
certification all financial transactions with Recipient are closed and the award is closed-out.

2.4.2.2 Request for No-Cost Extension

The PO has the authority to recommend approval of the first NSF-Approved No-Cost Extension
(NCE). However, the PO will generally work closely with members of the NSF Integrated Project
Team (IPT) to ensure the request meets the requirements for major facility projects as
described herein. Any subsequent NCE’s must be approved by the Grants and Agreements
Officer (G/AQ) or Contracting Officer (CO), who is also a core member of the IPT. As the project
nears completion, close-out activities will become a discussion item for the IPT.
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Only tasks within the approved project scope may be included in the NCE. As stated in Section
4.2.5, Budget Contingency Planning for the Construction Stage, any unused funds (either
contingency or positive cost variance) must be returned to the agency.

Many intended tasks will already be clearly contained within the approved project scope and
can be directly associated with a particular WBS element. Tasks which cannot be found to fall
within an approved WBS element will be allowed only after they have been reviewed and
approved as new scope through the change and/or configuration control processes contained
in the Project Execution Plan. Depending on the magnitude, this may require very high-level
approvals within the agency. It is highly recommended that the discussion of scope, and the
ability to assign to an approved WBS element, takes place prior to the NCE request.

Good practice suggests that all other project tasks, i.e. those not included in the NCE request,
should be closed out by the original award end date. This means that all risks and liens for those
tasks are also closed out, and that no funds are carried forward for remediation of problems
that arise in the future. The close-out of completed tasks also allows for a more precise
calculation of remaining cost variance and/or contingency which facilitates good decisions
making on the part of the Project and NSF. If any tasks slated for close-out are not completed
by the original award end date, then NSF must be notified that the tasks will be carried over
into the extension period as part of the NCE request.

It is anticipated that the list of tasks to be performed during the extension may change with
time as final negotiations and decisions are made and actual costs are realized. Some tasks may
be held back and subsequently removed as scope contingency options when available
resources or priorities change. Other tasks within the approved scope of the project may be
added (for example, as a result of a reprioritization exercise following final acceptance reviews
or because they are delayed past their close-out dates). Tasks may be added or removed from
the list with adequate justification and with the written approval of NSF. All final close-out
documentation will be saved to the official record by the PO.

Written requests for NCEs should be submitted to the PO and should include the information in
the following list:

1. List of the tasks to be completed during the extension period and justification that they
are within project scope.

a. Link the tasks to the associated WBS element and give a short justification of
how they fit within existing project scope. Risk mitigation effort should be
associated with an identified and documented risk element.

b. Provide the total burdened estimated cost for each task. Detailed cost estimates
do not have to be provided but should be documented and available if
requested.

c. The justification for each task will typically fall into one or more of several
categories: (1) open purchase orders and invoices associated with items whose
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2.

delivery is delayed beyond the current period of performance, for example due
to subcontractor performance, (2) rework of existing tasks within the approved
scope, for example due to workmanship or performance issues, (3) existing tasks
within the approved scope that have not yet been completed, and (4) risk
mitigation to address in-scope performance issues. An example of a task list with
justifications is given in the sample Table 2.4.2-1 on the following page.

Indication of which tasks provide de-scoping options? if resources (time, staff, budget,
etc.) become limited. Briefly indicate why each task is a candidate for de-scoping and
give any deadlines for exercising the de-scope option. NSF must be notified when and if
the scope contingency option is taken and tasks are removed from scope, including the
impact on project deliverables or performance, if relevant.

Description of what funds will be used to cover the proposed tasks — remaining
contingency, unexpended PMB budget, positive Cost Variance, partner funds, etc. Give
the project PMB ETC with all tasks included and compare to remaining contingency and
TPC. State a confidence level for completing all work within budget, including the use of
any scope contingency options. Indicate if any tasks involve already obligated funds and
give the amount of those funds.

Summary schedule or schedule highlights of the extended tasks, including significant
milestones and the new project end date. Provide (BOE) for the new project end date,
including schedule contingency, and give a confidence level for completing by that date.

1Scope contingency and management is defined in Section 6.2.3.
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Table 2.4.2-1 Sample of a No-Cost Extension Tasks Table
Burdened
Task# Task Description Subtotals ($K) WBS Justification
1 Modifications to electronics 40.5 3.7 Rework of existing in-scope
control boards Environmental task; technology not
Systems ADCs performing as intended
2 Delivery of 3 cryo-pumps 1149 4.2 Vacuum Existing in-scope task; Late
Systems delivery on open contract with
obligated funds
3 General purpose utility carts 25.8 2.4.5 Monitoring  Existing in-scope task; Late
and Maintenance delivery; 1 unit added based
Equipment on revised needs estimate

4 Vendor contract to test 324 5.2.3 Sys Eng: Risk mitigation added to
relationship of performance Integrated address in-scope performance
versus temperature on testing issues for integrated systems.
sample size widgets Risk Register ID #14-31.

5 Labor extensions for project 184.2 1.2 Project Existing in-scope task; revised
management and business Controls effort, salary, and overhead
offices estimates, including escalation

TOTAL (SK) $397.8
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2.5 OPERATIONS STAGE
2.5.1 Operations Management and Oversight

Although NSF does not directly manage the operations of the facilities it supports (with the
exception of Arctic and Antarctic activities), the agency engages in oversight and assurance of
facility awards during each stage of the facility’s life cycle. In oversight, NSF employs a team-
oriented approach in which scientific and engineering staff work closely with business
operations staff. Additional detail on facility operations may be found in Section 3.5 of this
Guide! and among the special topics found in Section 4, Key Management Principles and
Requirements for Major Facilities.

The Recipient responsible for construction or acquisition of a new facility is normally the entity
that submits a proposal for operation of the facility during the construction stage. However, the
Operations Stage may be managed by a different entity, depending on circumstances stated in
the IMP.

The operations proposal is merit-reviewed following NSF’s guidelines. Operations activities are
funded through NSF’s R&RA and/or Education and Human Resources (EHR) account. Testing
and acceptance, user training and engineering studies occur as the facility transitions to full
operation. Operations include the day-to-day work required to: support and conduct research
and education activities; ensure that the facility is operating efficiently and cost-effectively; and
provide small- and intermediate-scale technical enhancements when needed to maintain state-
of-the-art research capabilities.

The content of the operations proposal will be adapted to the specific nature of the facility, but
at a minimum it should be compatible with the Concept of Operations Plan (PEP-15.3)
established during construction and include:

e A detailed bottom-up cost estimate for operations per Section 4.2 of this Guide.

e A detailed description of how the operation of the facility will be managed, including the
roles of key staff and use of advisory committees. This could be included as part of the
proposal text or a separate Operations Plan.

e Description of plan for education and outreach.
e Description of research program supported through operations, if applicable.

e Alisting of which Environmental, Safety and Health (ES&H) standards will be followed by
the Recipient and a description of how adherence to those standards will be verified. A
policy for reporting to the NSF accidents or environmental releases should also be given.
This may be given as a reference to an existing ES&H plan (PEP-13.1) for the project.

e Alisting of which cyber-security standards will be followed by the Recipient and a
description of how adherence to those standards will be verified. A policy for reporting

1 Further development of these sections is planned for MFG future version.
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to NSF of any breaches of cyber-security should also be given. This may be given as a
reference to an existing Cyber-Security Plan (PEP-12.1) for the project.

e Adiscussion of how major overhaul, repair or replacement of long-lived capital assets or
components who useful life extends beyond the duration of the CA will be handled.

e Adiscussion and acknowledgement of the current plan for re-competition or
divestment.

o Aset of performance goals and metrics sufficient to establish that the facility is
operating successfully. The Facility’s performance against these metrics will be reported
periodically as required by Program.

e Discussion on plans or progress toward major upgrades to the Facility to increase
science capabilities.

Given the long operations stage of most major facilities, upgrades and refurbishment of
equipment may be required over time in order to stay at the research frontier. In the case of an
observatory, this may include new instruments and cameras. For a sensor network, it may
include the deployment of additional sensors or renewal of cyber-infrastructure. At an
accelerator facility, the upgrades may take the form of higher energy or luminosity or new
detectors. In general, these upgrades and renewals will be funded from R&RA funds, either
from a portion of the operating funds designed for such purposes or from separate equipment
and instrumentation programs. Funding for more significant upgrades (if they exceed the major
facility threshold) may come from the MREFC account. In that case, the approval process is the
same as that for a new major facility project.

The PO should be closely involved in monitoring and assessing the facility’s evolution and in
supporting advanced R&D planning and budgeting. Evaluation of each NSF major facility, as part
of its yearly operations review, should include a section on the plans for advanced R&D and
should relate these plans to the anticipated evolving mission of the facility. This evaluation
helps guide the PO in formulating a budget strategy for funding advanced R&D efforts.

A Program Officer (PO) may also request a periodic formal Condition Assessment report (an
evaluation of capital assets requiring significant expenditures for periodic replacement or
refurbishment and having a lifetime longer than the usual five-year award cycle), accompanied
by an Asset Management Plan (a strategic plan for dealing with these issues), to inform NSF and
the facility management of anticipated major and infrequent maintenance expenses that cause
a significant departure from the routine funding profile. This allows NSF, as part of its budget
allocation process, to proactively address these issues before they become immediate needs.

Generally speaking, there are three key aspects of NSF oversight and assurance of major facility
operations, which are codified in and required by the CA: (1) Annual Work Plans, (2) Annual
Reports, and (3) annual operations reviews. NSF or the cognizant agency may also conduct
periodic audits or Business Systems Reviews.
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Annual Work Plan

The Annual Work Plan (AWP) describes what the facility expects to accomplish in the coming
fiscal year. For many facilities, the AWP, annual operations proposal, and Cost Estimating Plan
(per Sections 4.2.2 and 4.2.4) can be combined as one document, so long as all elements are
addressed. The AWP should include a series of high-level performance goals (clear and agreed
upon goals and objectives, performance metrics and, where appropriate, performance targets)
for the coming year. The goals should include both scientific and operations issues (i.e.,
installation of new equipment or commissioning of new buildings, maintenance, Education and
Oversight Training and ES&H). The goals and metrics will naturally vary from facility to facility
and should be agreed upon between the Recipient and the NSF Program Officer (PO). The PO
will review the AWP goals to ensure they are aligned with the long-term scientific objectives of
the facility.

It is the Recipient’s responsibility to manage and maintain the NSF-funded facilities, equipment,
and instrumentation used in the conduct research regardless of ownership. See Section 6.6 of
this Guide. In accordance with federal guidance?® on property that the government owns,
leases, or otherwise manages, Recipients should annually provide a brief discussion, cost
estimate, and actual expenditures at a high level for the following:

e Recurring routine maintenance and repair.

e Significant infrastructure changes, including modernization, overhaul, upgrade,
replacement, and/or expansion for science facilities, equipment, utilities, and/or
instrumentation.

e Utilities (including facility operation and purchase of energy)

e General support services (such as grounds and waste management).

Annual Report

The annual report describes in detail the activities of the facility in the previous year based on
the award date and the award terms and conditions. This report is required by NSF policy (see
PAPPG) and necessary to review progress on that year’s performance goals as described in the
AWP. Due to changing research priorities or external forces, not all performance goals may be
met each year but an explanation of progress on each goal should be included. The Recipient
should also report all expenditures relative to the planned budget in accordance with award
terms and conditions. The PO reviews and approves the annual report.

Annual Operations Reviews

In most cases, NSF will annually conduct an operations review of its major facilities, utilizing an
external panel of experts spanning the principal range of functions necessary to sustain facility
operations, or carry out or participate in an alternate activity that accomplishes an equivalent

141 CFR 102-84 “Annual Real Property Inventory”, GSA Guidance for Real Property Inventory Reporting
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purpose. When NSF partners with other entities to fund operations, the MOU between the
partners defines the process for monitoring: (1) identification and accomplishment of
programmatic goals; (2) fiscal accountability; (3) stewardship of NSF assets; and (4) compliance
with laws and regulations. Operations reviews should determine the extent to which the facility
is meeting the goals of its Annual Plan, discuss any upcoming challenges for operations, and
highlight good practices that could be applied to other NSF major facilities. Metrics and
performance goals or targets should include objectives related to educational outreach and
broader societal impacts, in addition to research goals of the operating facility. Whenever
possible, the review should be conducted at the facility itself by an external panel comprised of
experts in the operations of similar large scientific facilities and representatives of the user
community served by the facility. The panel should produce a formal written report submitted
to NSF. Results of the review are used by NSF to provide written guidance to the facility
operator in the formulation of goals or targets for the coming year. (The operations review is
not meant to compete with the Business Systems Review! (BSR) which looks at business
processes.)

e The review is organized and conducted by the PO in consultation with the LFO Liaison
and G/AO. The PO has overall responsibility for organizing the review (or representing
NSF’s interests in the case of a partnership), and for acting as the interface between the
NSF and the project’s proponents throughout the review process. The LFO Liaison and
G/AO advises the PO during the planning and execution of the review to ensure that
there is consistent practice across NSF in the formulation of performance goals, that
goals and objectives are clearly stated and represent quantifiable performance
measures or targets where practical, are periodically reported, and that an evaluation
and feedback mechanism is implemented as an essential part of an ongoing program of
continual performance enhancement.

e Following the review, the PO and the LFO Liaison will share their views and confer on
areas of concern. As a result of internal NSF evaluation of the panel report and other
supporting assessments, the NSF Program Officer should issue clear written guidance to
the Recipient for subsequent response and action.

e |n most cases, observers of the review must include the PO, the G/AO or CO, the LFO
Liaison and other staff from the Large Facilities Office, and possibly other NSF staff from
the Integrated Project Team. Budget considerations, logistical constraints, or alternate
processes for review agreed to by NSF and its funding partners may result in exceptions
to the number and range of NSF staff participating.

1 See Section 4.6.3.3 for discussion of the BSR process as well as the NSF BSR Guide. To avoid duplication of effort, the scope of
the BSR is adapted to utilize relevant information stemming from other reviews and audits.

Section Revision: 2.5.1-4
May 30, 2019



Major Facilities Guide: NSF 19-68 (September 2019)

2.5.2 Renewal/Recompetition

Prepared by the Large Facilities Office in the Budget, Finance, and Award Management Office
(BFA-LFO)

2.5.2 Renewal/Recompetition

Most NSF facilities will be operated by a managing organization. Because facility lifetimes are
long (some current facilities have operated in excess of 40 years), recompetition of
management is appropriate at intervals. Whenever practical, NSF seeks to make competitive
renewal awards for operation of major facilities after external merit review. See Section 3.5.2
for procedures for Renewal and Recompetition. The goal of competition is to stimulate new
approaches toward more effective management that may offset any potential for increased
costs, and ideally may achieve some cost savings. Important considerations beyond
performance of current management include how recompetition might affect the scientific
productivity of the facility and the burden it would place on the community. Even in cases
where the existing management has been explicitly and rigorously reviewed and found to be
effective, the benefits of competition may outweigh any short-term disadvantages of
recompetition. The determination of whether to compete the effort is based on the expert
advice of NSF staff and, where applicable, panel review and inputs from the user community of
the facility, and the recommendation should be presented to the NSB for authorization as part
the normal award process.
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2.6 DIVESTMENT STAGE

To remain at the research frontier and support new facilities, NSF will consider retiring existing
facilities when the science they enable is of a lower strategic priority than science that could be
enabled by alternate use of the funds. Such decisions will be difficult to make, in part because
of the number of stakeholders and interested parties, and will require extensive community
consultation and input, which may come from “blue ribbon” panels, National Academies
committees and professional societies. In some cases in which a facility can continue to be
productive, it may be possible to transfer ownership or stewardship to another agency, a
university or a consortium of universities. It is the responsibility of the Directorates and
Divisions to periodically review their facilities portfolio and to consider which facilities may have
reached an appropriate end of NSF support.

While not part of the annual budgeting process, proposals may be requested to address partial
or full divestment of the facility following the award period, including property divestment,
decommissioning, and disposition costs and other costs related to employee separations.
Periodic reviews of these proposals should create and keep current a plan for the facility’s
divestment and closeout, along with its associated budget liability to inform the longer-term
strategic planning at the NSF Division and Directorate levels.

Guidelines and requirements for creating divestment transition plans are included in Section
3.6, Facility Divestment Plan of this Guide. Since divestment strategies and liabilities may
influence construction strategy, a divestment plan is a necessary element (PEP-1.5) for major
facility projects and thus a draft plan should be created early in the Design Stage planning.

When the decision is made to close or transfer ownership or stewardship of a facility, a detailed
transition plan will be developed, which includes all divestment costs and liabilities, including
disposal or transfer of equipment, environmental and site remediation or restoration, pension
and health care responsibilities, etc.
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3 FACILITY LIFE CYCLE MANAGEMENT PLANS FOR MAIJOR FACILITIES
3.1 INTRODUCTION

Section 3 contains descriptions and guidelines for creating the plans and documents that NSF
and Recipients use in the management and oversight of major facilities. They include two plans
produced by NSF and three plans that are the product of the facility designers, constructors,
and operators.

The NSF Facility Plan, when requested by NSB, is as described in Section 3.2.

Section 3.3 describes an Internal Management Plan (IMP), the NSF document that captures how
NSF will oversee awards for major facilities throughout the life cycle, from candidate facility
projects in design, through construction and operation, and ultimately, through divestment. An
IMP also provides financial strategies for funding given the budgetary estimates. The created
IMPs are internal NSF documents.

The Project Execution Plan (PEP) is produced by the Recipient to detail how management and
execution of design and construction of a major facility will be accomplished. The PEP advances
in maturity from a rudimentary form required at the Conceptual Design Review to a fully
mature document ready to support construction at the Final Design Review. Section 3.4
provides a list of the required components of a PEP and guidelines for creating those
components.

Operations Plans are addressed in Section 3.5, including timelines for submission and review of
operations proposals from prospective Recipients and guidelines for content of proposals and
plans. Operation Plans cover all aspects of operations, maintenance, upgrades, and research
and education programs. Guidelines are also given for the procedures for renewal or
recompetition of an award for an operating facility.

Guidelines for plans to closeout operations under NSF awards are in Section 3.6, Facility
Divestment Plan, and closeout of NSF funding and oversight of a facility may be accomplished
through various options ranging from transfer to another agency or funding source to
decommissioning and removal of the infrastructure and site restoration.
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3.2 NSF FACILITY PLAN /RESERVED]
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3.3 NSF INTERNAL MANAGEMENT PLANS FOR THE MAJOR FACILITY LIFE CYCLE

The Internal Management Plan (IMP) is the primary internal agency document that describes
how NSF will oversee development, construction, operation and eventually divestment. The
requirement to develop an IMP is described in Section 2.3.1 for major facilities. Three primary
purposes are served by development of an IMP:

e [t defines in specific detail how NSF will conduct oversight of a project;
e |t describes plans for managing NSF-specific risks, and

e [t provides budgetary estimates for developing, constructing and operating the facility,
identifies divestment liabilities, and lays out a strategy for financing these activities as
well as the concomitant NSF oversight requirements.

The IMP should be a living document that is updated at transition points between project life
cycle stages, or as often as needed, to define review criteria, decision points, strategies for
renewal or recompetition, plan for advanced R&D or technology refresh, upgrades, etc.
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3.4 PROJECT EXECUTION PLAN
3.4.1 Components of a Project Execution Plan

Typical components of a construction-ready Project Execution Plan (PEP), common to most
plans for construction of major facilities, are listed in Table 3.4.1-1 below, as an example of the
extensive nature of the pre-construction planning that should be conducted prior to expending
construction funds to execute the project. While many of the listed topics cannot be
substantively addressed at the earliest stage of project planning, it is important that project
advocates are aware, at the outset, of the full scope of pre-construction planning activities that
should be undertaken, and the consequent pre-resources required. As the project matures
through Conceptual Design, Preliminary and Final Design, these topics become correspondingly
better defined. Some topics will continue to be refined during the Construction Stage, for
example, Commissioning Plans and related sub-plans.

The PEP should ideally contain or reference all project related documents and be the
standalone source explaining how and why the project meets all requirements and should
proceed as planned. Various components of the PEP may often be detailed in separate
documents, especially, living documents for future operations such as cybersecurity and data
management plans. The PEP should reference these separate documents to summarize the
complete scope of the pre-construction planning. In addition to referencing these separate
plans, the PEP should provide a high-level summary, outline the associated goals, and/or
identified responsibility for the specific plan.

It is important for PEP to document all assumptions and boundary conditions driving project
design and implementation. Additions or alterations to the typical PEP components listed below
are likely, due to the unique nature of each specific project. Any special construction elements
should be identified and addressed in the PEP or a separate document such as the work
breakdown structure dictionary or design requirements, drawings, and specification
documents.

The PEP at the end of the Final Design Phase is incorporated as part of the construction award
through reference to define the award scope, schedule, configuration and contingency control,
and project governance.
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Table 3.4.1-1 List of the Typical Components of a Project Execution Plan, with Sub-Topics and Descriptions
Component Sub-Topics Description of Sub-Section Requirements

1. Introduction

1.1 Scientific Objectives

Description of the research objectives motivating the facility
proposal.

1.2 Scientific
Requirements

Comprehensive statement of the Requirements Matrix/ Key
Science Requirements to be fulfilled by the proposed facility
(to the extent possible identifying minimum essential as well
as desirable quantitative requirements), which provide a
basis for determining the scope of the associated
infrastructure requirements.

1.3 Facility /
Infrastructure

Description of the infrastructure necessary to obtain the
research and education objectives.

1.4 Scientific & Broader
Societal Impacts

Description of the Broader Societal Impacts associated with
the purpose of the facility, including the scope of work,
budget and schedule related to science community or
society related actions or interactions.

1.5 Facility Divestment
Plan

Description of plans and estimate of divestment liabilities at
the end of facility life for transfer, demolition, site
remediation, decontamination, etc., where appropriate.

2. Organization

2.1 Internal
Governance &
Organization and
Communication

Internal Project Governance and Organization Structure with
clear lines of authority, responsibility, and communication
between Internal and institutional governance and oversight
and advisory committees.

2.2 External
Organization and
Communication

External Project Organizational Structure and Governance,
showing clear lines of authority, responsibility, and
communication between NSF, any partners, and the
Recipient.

2.3 Partnerships

Role of interagency or international partners in future
planning and development and/or construction. Plans,
agreements, and commitments for interagency and
international partnerships. Description of the project’s
stakeholders and their roles, responsibilities and meeting
schedules.

2.4 Roles and
Responsibilities

Roles and Responsibilities of key project personnel and
governance groups.

2.5 Community
Relations and Outreach

Community Relations and Outreach plans for building and
maintaining effective relationships with the broader
research community that will eventually utilize the facility to
conduct research and with the public. Description of
scientific and educational outreach programs.

3. Design and
Development

3.1 Project
Development Plan

Description of activities that will be undertaken in order to
achieve readiness for construction, such as design,
prototyping, manufacturing process validation, vendor
qualification, modeling and simulation, creation of required
project management plans, forming partnerships, etc.
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Component

Sub-Topics

Description of Sub-Section Requirements

3.2 Development
Budget and Funding
Sources

Estimate of total budget required to perform Design and
Development, including NSF funding and any contributions
from partners and other outside sources.

3.3 Development
Schedule

Schedule of design and development activities and
milestones, at a level of detail appropriate to the maturity
and complexity of the work.

4. Construction
Project Definition

4.1 Summary of Total
Project Definition

Summary at Work Breakdown Structure (WBS) level Il of
total construction project scope, cost, and schedule required
to complete the construction or implementation project,
indicating the baseline (pre-award) or Performance
Measurement Baseline (PMB) (post-award) and
contingencies funded by NSF as well as any associated scope
supported by other funding sources.

4.2 Work Breakdown
Structure (WBS)

WABS contains a product-oriented, hierarchical framework
that organizes and defines the total scope of the project into
individual project component that represent work to be
accomplished, aggregating the smallest levels of detail into a
unified project description. The WBS integrates and relates
all project work (cost, schedule and scope) and is used
throughout the project management to identify and monitor
project progress.

4.3 WBS Dictionary

WABS dictionary defining scope of each WBS element,
through all levels.

4.4 Scope Management
Plan and Scope
Contingency

The plan describes how the scope will be defined,
developed, monitored, controlled, and validated, and how
scoping opportunities and descoping options will be
realized. Scope Contingency compiles savings from potential
de-scoping options, with decision points for exercising
options and time-phased cost and schedule.

4.5 Cost Estimating
Plan, Executive
Summary, and Baseline
Budget

A plan to establish and communicate how the preparation,
development, review and approval of the estimate will be

completed. An executive summary provides a summary of
the costs at a high level and an overall basis of estimate.

4.6 Budget Contingency

Contingency budget and description of method for
calculating contingency, including confidence level for
completing within budget.

4.7 Cost Book, Cost
Model Data Set, and
Basis of Estimate

The Cost Book is the comprehensive and well-documented
compilation of Cost Book Sheets for the total project cost.
The cost model data set is used as input to software tools
and/or project reports to organize, correlate, and calculate
different project management information. The Basis of
Estimate provides supporting documentation outlining the
details used in establishing project estimates such as
assumptions, constraints, and estimating methods, and
referencing the technical information used.
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Component Sub-Topics Description of Sub-Section Requirements

4.8 Funding Profile Show the proposed NSF Funding Profile by year with
baseline commitment and anticipated contingency
allocation profiles. Also provide a total funding profile from
all sources if applicable.

4.9 Baseline Schedule Schedule (without contingency) for the overall project and

Estimating Plan and each major subsystem, including system integration,

Integrated Schedule commissioning, acceptance, testing and transition activities;
as well as major milestones and milestones for reviews,
critical decisions and deliverables. It uses formal scheduling
programs, is based on the WBS hierarchy, and is resource-
loaded before the construction/implementation stage.
Baseline schedule does not include schedule contingency.

4,10 Schedule Schedule contingency amounts and project end date with

Contingency contingency; state method of calculating contingency,
including confidence level for meeting project end date.

5. Staffing 5.1 Staffing Plan Staffing FTE plan, per NSF and other project-specific job
categories, over time. Application of indirect cost rates must
be articulated in Cost Estimating Plan (CEP) and Basis of
Estimate (BOE) per Section 4.2 of this Guide.

5.2 Hiring and Staff Schedule and requirements for hiring and training staff,
Transition Plan including timelines for increasing or decreasing staffing
levels. Required qualifications for key staff.

6. Risk and 6.1 Risk Management Risk Management Plan describes the methodology/process

Opportunity Mgt

Plan

for identifying, ranking, analyzing, tracking, controlling, and
mitigating risks. Describes both qualitative assessment and
guantitative analysis methods.

6.2 Risk Register

A tracking document or tool that provides a ranked list of
identified risks, with risk impact analysis and prioritization,
responsibilities, mitigation plans and opportunities of risk
reduction, and risk status over time. Documents data and
assumptions used in risk analysis.

6.3 Contingency
Management Plan

Contingency management plans and approval process using
change control. Describe NSF approval requirements per
cooperative agreements (CAs).

7. Systems
Engineering

7.1 Systems
Engineering Plan

Systems Engineering Management Plan; roles and
responsibilities.

7.2 Systems
Engineering
Requirements

System-level design and technical feasibility study, including
definition of all functional requirements and major systems.
Identifies all technical design requirements, drawings, and
specifications.

7.3 Interface
Management Plan

Identification of interfaces between major components or
WBS elements and plans for managing communication,
interferences, and interactions. Interface Management Plan
and Documentation.

7.4 QA/QC Plans

Quality assurance and quality control requirements and
description of processes.
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Component

Sub-Topics

Description of Sub-Section Requirements

8. Configuration
Control

8.1 Configuration
Control Plan

Configuration Control plans.

8.2 Change Control Plan

Change Control Plan to manage accounting changes and
changes in the baseline or PMB plan: changes in scope,
modifications to budget or schedule, and movement of
contingencies into or out of the PMB. Includes approval and
documentation processes plus roles and responsibilities.

8.3 Document Control
Plan

Document Control Plan for managing version control, access,
and archiving of project related documentation.

9. Acquisitions

9.1 Acquisition Plans

Describe acquisition plans, processes, subawards, and
contracting strategy. Provide a time-based list of acquisitions
and procurement actions.

9.2 Acquisition
Approval Process

Describe the approval process for acquisitions (NSF,
internal), and create a year by year Acquisition Plan of
actions that are estimated to require NSF approval.

10. Project Mgt.

10.1 Project Manage-

Description of the project management organization and

Environment

Controls ment Control Plan processes.
10.2 Earned Value Description of the EVMS plans, processes, software, and
Management System tools.
(EVMS) Plan
10.3 Financial and Description of Financial and Business processes and controls.
Business Controls

11. Site and 11.1 Site Selection Site selection criteria and description of selected site(s).

11.2 Environmental
Aspects

List need for any Environmental Impact Statements,
permitting, site assessments, etc.

12. Cyber-
Infrastructure

12.1 Cybersecurity Plan

Plan for protecting access, confidentiality, and integrity of
key information assets of the facility.

12.2 Code Development

Plan

Plan to enable critical scientific/engineering capabilities and
data flows within the facility as well as interoperability with
key external collaborators or stakeholders.

12.3 Data Management
Plan

Plans for acquisition and integration of equipment or
services from third parties.

13. Environmental,
Safety and Health

13.1 Environmental,
Safety and Health Plans

Environmental, Safety and Health plans (ES&H).

14. Review and
Reporting

14.1 Reporting
Requirements

Statement of reporting requirements, including notifications
for specific events and periodic reports on progress and
project technical and financial status per NSF contractual
requirements or CAs.

14.2 Audits and
Reviews

Statement of the required and proposed reviews, audits,
and assessments for progressing during project life cycle
through project close-out.
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Component

Sub-Topics

Description of Sub-Section Requirements

15. Commissioning

15.1 Integration and
Testing Plan

Describes the acceptance criteria and technical activities
that should be completed as part of construction to
transition the facility to operations.

15.2 Operational
Readiness Plan

Plan for determining operational readiness; includes
administrative (non-technical) acceptance procedures to
transition the facility from construction to operations such
as conducting the operational readiness review and the
authorities for making the determination(s).

15.3 Concept of
Operations Plan

Plans for, and estimate of, annual operations and
maintenance costs (staffing, services, material/supplies, etc.)
and funding sources that will be needed when the facility
has completed construction and is transitioned to
operations. This plan should include activities to bring the
facility to full science capability after acceptance.

15.4 Segregation of
Funding Plan

Financial accounting procedures for the Recipient to
properly expense the activities between construction and
operations funding per the Plans above.

16. Project
Close-out

16.1 Project Close-out
Plan

Procedures and criteria for closing out the project. Includes
acceptance of verification of technical performance as well
as documented completion of all scope contained in the
WABS dictionary. Includes procedures documentation for
closing out all acquisitions and financial accounting.
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3.4.2 Detailed Guidelines for Project Execution Plans

This section elaborates on the various components outlined in the previous section,
Components of a Project Execution Plan, and offers additional information that should be
helpful to individuals newly involved in planning for construction and future operations. Each of
the sub-sections below are aligned to the PEP Components identified in Section 3.4.1 and
provides some cross-reference to other sections of this Guide.

3.4.2.1 Introduction /Reserved]
3.4.2.2 Organization [Reserved]

3.4.2.3 Design and Development /Reserved]

3.4.2.4 Construction Project Definition

Refer to Section 4.2.2.1 for guidance on the cost estimating plan (CEP). The cost estimate
should include an executive summary of the estimate, including narrative, figures, and tables
per Section 4.2.3.2.

3.4.2.5 Staffing /Reserved]

3.4.2.6 Risk and Opportunity Management

Refer to Section 6.2 for Risk Management Guidelines.

3.4.2.7 Systems Engineering /Reserved]

3.4.2.8 Configuration Control

Refer to Sections 2.4.1, 4.2.5.5, and 4.6.5 regarding changes to the performance measurement
baselines (PMB) and the use of budget and schedule contingency.

3.4.2.9 Acquisitions /Reserved]

3.4.2.10 Project Management Controls

Refer to Sections 4.6.3.6 and 6.8 for more information and guidelines on earned value
management systems (EVMS).

3.4.2.11 Site and Environment /Reserved]

3.4.2.12 Cyber-Infrastructure

Refer to Section 6.3 for guidelines on cybersecurity.
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3.4.2.13 Environmental, Safety and Health /Reserved]

3.4.2.14 Review and Reporting

Refer to Sections 4.2.5.8 and 4.6.2 for more information on reporting to NSF.

3.4.2.15 Commissioning

Every major facility has a unique set of systems and subsystems with associated technical
requirements and interfaces, both internal and external to the facility. Technical requirements
and interface control documentation created during project planning and design assist in
defining the inspection and test regimes necessary for commissioning and acceptance of the
facility. Therefore, the systems engineering documentation indicates the timing of and criteria
for the facility’s transition to operations. These principles should be applied to generate four
plans prior to the start of construction.

Transition from construction to operations could be a single acceptance event or multiple
depending on the nature of the project. Many facility projects require integration and testing,
followed by commissioning activities to bring the facility up to the design level of operation.
Depending upon the complexity and time needed to reach design specifications, commissioning
may be split between the construction effort and operations. Commissioning milestones should
be included in the resource-loaded schedule to identify key elements associated with this
transition. The scope of construction activities is defined in the project’s Integration and Testing
Plan (PEP-15.1) and the Operational Readiness Plan (PEP-15.2) and is included in the initial
construction budget request as part of the baseline. The PEP is included by reference in NSF’s
construction cooperative agreement (CA) or contract with the Recipient institution,
documenting the mutual understanding of the work scope funded under construction.

The Integration and Testing Plan is a comprehensive set of prescribed inspections and tests
within the project technical requirements and provides the means for a process of verification,
throughout commissioning activities, that the facility is complete and ready for operations.
Successful completion of all inspections and tests provides validation that the facility meets
technical requirements and therefore passes all acceptance criteria. These tests should be
included as part of the construction baseline and associated activities included in the resource
loaded schedule.

The Operational Readiness Plan defines the process for acceptance at the end of construction
and determining operational readiness. The Plan should include an overview of the acceptance
inspections and tests that verify and validate technical requirements and interfaces to
transition the facility from construction to operations. Verification is the process of checking
that the construction meets specification as defined in the Integration and Testing Plan.
Validation is the process of checking whether the construction meets the scientific objectives.
Administrative acceptance procedures are to identify the authorities, such as project team
members, review team or independent agents, for making the determination(s).

Section Revision: 3.4.2-2
May 30, 2019



Major Facilities Guide: NSF 19-68 (September 2019)

3.4.2 Detailed Guidelines for Project Execution Plans

Prepared by the Large Facilities Office in the Budget, Finance, and Award Management Office
(BFA-LFO)

A Concept of Operations Plan (PEP-15.3), also required by the PEP, defines the resources and
funding needs when the facility has completed construction and is transitioned to operations
and is refined during the Construction Stage in preparation for entering the Operation Stage®.
In some cases, particularly with distributed facility projects, early operations funding begins to
increase as aspects of a facility come on line, although full construction funding may not have
concluded. Although these Stages may overlap in time, the hand-off from construction project
responsibility and funding to operations responsibility and funding must be defined and
managed separately due to segregation of funds requirements (PEP-15.4).

These plans are to be reviewed during conceptual, preliminary, and final design reviews. The
plans are updated as needed during the Construction Stage. At least one year prior to initial
commissioning activities, the plans must be updated and provided to NSF for review.
Commissioning verifies that the substantially complete facility operates over its full range of
capabilities as specified in the final design documents. Once the commissioning planning is
complete, an operations readiness review may be held (either separately or as part of a
Construction Stage review) to examine and comment on the plan. This can be conducted
separately or as a component of one of the required annual reviews. The review is organized
and conducted by the Program Officer (PO) in consultation with the LFO Liaison and Grants and
Agreements Officer (G/AQ) similarly to other reviews.

Refer to Sections 3.5 and 4.4 for more information on operations planning and commissioning.

3.4.2.16 Project Close-out Plan

Refer to Section 2.4.2 for more information on project close-out.

1See Section 3.5 for operations planning guidance.
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3.5 OPERATIONS PLANNING
3.5.1 Preparation of Proposals for Operations and Management

In order to avoid funding gaps, formal proposals to operate a facility should be prepared well in
advance of the anticipated start date for operations: as much as two years prior to the end of
construction and commissioning activities. Program Officers (PO) and Directorates/Offices are
encouraged to take into account the time needed for internal NSF review, including NSB review,
and offer guidance to the community. Estimates of the funds for operations and maintenance
are provided even in the planning stages of a facility. The potential Recipient and/or the PO
need to establish a dialogue with the user community to determine the resources needed to
fully exploit the facility. In addition, the proposal should include:

e All costs to operate, maintain and periodically upgrade the facility, its instrumentation
and the IT components, including cost and approximate time of investment (Note: A PO
can expect that IT components will need to be upgraded at least every 3 to 5 years);

e The costs of an in-house research program (as a separate line item in the budget), if
applicable, including an indication of how the overall research program will be managed
and how research program resources will be allocated;

e Education and outreach plans and costs;

e A detailed management plan for operations of the facility, including the roles of key
staff and plans for advisory committees.

Note that Section 4.2 provides requirements for cost estimating. The cost estimating plan may
be incorporated in the annual operations plan.

The review of the proposal includes a realistic assessment of the costs to operate and maintain
the facility in a safe and effective manner. The PO is also responsible for oversight of
operational facilities through the various reviews and reports described in the Internal
Management Plan (IMP) and the terms and conditions of the award instrument. In addition to
following the procedures referenced as appropriate to Chapters V and VI of the Proposal and
Award Manual (PAM), the PO considers (with the assistance of external reviewers with
expertise in managing comparably scaled facilities) these questions:

e s the facility ready for reliable operations and is the infrastructure (including personnel
requirements) adequate to execute the proposed work plan?

e Do the operations and maintenance plans allow for optimal utilization of the facility by
users (e.g., scheduled operating time versus down-time)?

e |Isthe data management plan in place and ready to support operations?

e |Isthere an appropriate balance between in-house research and research of external
users?

e Are safety (including cyber-security and security of the physical plant), environmental
and health issues, if any, addressed?
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e Are plans for securing human subjects and/or vertebrate animal clearances included, if
applicable (e.g., assessments of education-related activities)?

e Are the Educational Outreach and Broader Societal Impact plan and cost reasonable and
include an appropriate strategy to evaluate the outcomes?

e Have all costs been considered and estimated and is the available funding sufficient, or
is some adjustment needed?

Initial operations awards are generally either a five (5) or ten (10) year duration. Throughout
the operational stage, the Recipient operates and maintains the facility in accordance with the
terms and conditions outlined in the cooperative agreement (CA). The PO, together with the
G/AO, drafts the CA that will govern the operational phase of the project in accordance with
the procedures contained in Chapter VIII of the PAM. The CA will include plans for NSF
oversight, reflect the needs of the facility users, and address how the user program will be
managed and how user time will be allocated. The PO provides oversight for all aspects of
operations, maintenance and the research and education program. The PO also maintains an
awareness of emerging technical, managerial and financial issues through contact with the
facility managers and users, and through oversight, reviews and reports.

Requests for annual funding increments may follow similar review and approval procedures as
initial operations awards depending on the particulars of the Facility and the annual funding
request. For some facilities, the annual report (submitted through FastLane) will constitute the
funding request/proposal for the next year of funding.
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3.5.2 Procedures for Renewal or Recompetition of an Operating Major Facility

At least two years prior to the expiration of an award for operations of a facility,* the Program
Officer (PO) will plan a review of the results of research and education, the affected
community’s needs, and the facility’s management, including the performance of its managing
organization. The reviews will be used to determine whether to renew the award, upgrade the
facility, recompete the award or terminate operation of the facility. If the reviews show that the
facility is of low priority relative to other funding opportunities within the field(s) of research
served by the facility, or is otherwise not meeting its goals and objectives, the PO, working with
the Division Director (DD) and Assistant Director (AD)/Office Head, will prepare a plan for either
upgrading the facility’s capabilities or divesting/closing out support.

The evaluation of the need for a competition for either a continuing or transitioning facility
should be deliberate and weigh the potential benefits of an effective management against the
tangible and intangible costs of that competition. The review should analyze the costs and
benefits of the facility, taking into consideration the following issues:

e Given the state of the relevant discipline, community recommendations, overall facility
merit, and programmatic balance, should a major facility be continued, transitioned, or
sunset?

e [s achange in awardee that could result from a competition feasible?
e Has NSF program management clearly defined its goals for a possible competition?

e Does the past performance of the incumbent facility operator, as evaluated by surveys,
review visits, and site audits, warrant a competition?

e How long has it been since the last management competition?

e Has NSF identified and evaluated all encumbrances that may create significant obstacles
to changes in the facility management?

e |[sthere the potential for a meaningful competition?

e In addition to the points raised above, are there other facility-specific issues and risks
that could affect the decision and/or timing on undertaking a competition?

Federally Funded Research and Development Centers (FFRDCs) follow a slightly different
process as outlined in the Federal Acquisition Regulations (FAR Part 35.017-4, Reviewing
FFRDCs): An FFRDC review should include the following: (1) an examination of the sponsor's
special technical needs and mission requirements that are performed by the FFRDC to
determine if and at what level they continue to exist; (2) consideration of alternative sources to
meet the sponsor's needs; (3) an assessment of the efficiency and effectiveness of the FFRDC in
meeting the sponsor's needs, including the FFRDC's ability to maintain its objectivity,

1The PO should exercise judgment and consider the complexity of the facility in determining whether to begin the review
process earlier.
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independence, quick response capability, currency in its field(s) of expertise, and familiarity
with the needs of its sponsor; (4) an assessment of the adequacy of the FFRDC management in
ensuring a cost-effective operation; and (5) a determination that the criteria for establishing the
FFRDC continue to be satisfied and that the sponsoring agreement is in compliance with FAR
35.017-1.

If the reviews show that the facility remains a high priority and has been successful in meeting
its goals and objectives, the Sponsoring Organization considers whether renewal of the
operating agreement with the Recipient institution, or recompetition, is in the best interests of
NSF and the affected community. Awards may be renewed without recompetition or with only
limited competition if there is sufficient justification (e.g., facilities or facility sites with special
features that preclude relocation or recompetition, or partnership-related complexities that
prevent recompetition).

After the appropriate review has been completed, the PO analyzes what can and what needs to
be done in light of the available funding, and recommends one of the following actions:

e Recompete the award;
e Renew NSF support;
e Renew NSF support and plan upgrades to the facility;

e Renew NSF support to allow operations to transition to self-sufficiency (through, for
example, institutional, industrial or other modes of support);

e Renew NSF support to allow operations to ramp-down, leading to divestment; or

e Closeout award, terminate NSF support and divest.

In the event that a decision is made to recompete or to closeout support for a facility, the PO
will give the incumbent Recipient as much notice as possible, but not less than one year, so that
all necessary arrangements to transfer (in the case of unsuccessful recompetition by the
incumbent management entity) or terminate obligations to vendors and employees can be
planned and implemented.

In most cases of recompetition, the managing organization of a facility is required to compete
with other organizations for continuation of the management of the facility and renewal
proposals are received from the Recipient institution and/or from other institutions. The
proposal(s) is (are) merit reviewed in accordance with procedures in Chapters V and VI of the
PAM. The normal thresholds for Director’s Review Board (DRB) and NSB award authorization

apply.?

1 Refer to the footnotes in Section 2.1.6 for the National Science Board for award thresholds and properties requiring DRB
recommendation and NSB authorization.
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3.5.3 Detailed Guidelines for Oversight of Operations

Please contact the cognizant NSF program officer for additional details regarding NSF’s
oversight of the operational phase of major facilities. Internal operating guidance elaborates on
the principles outlined in the Major Facilities Guide and offers additional information and
examples that should be especially helpful to individuals newly involved in operational
oversight.
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3.6 FACILITY DIVESTMENT PLAN

After a decision for divestment is made for the closeout of the facility operation under a NSF
award, the current operations management should start the preparation for the divestment.
The current management should consult stake holders and the program office to appoint
appropriate personnel or management team that will be responsible for managing the
transition activities in the divestment process. The transition team needs to develop a
transition plan and submit to NSF program office. To ensure the smooth and successful
transition, the current operations management should be involved and be an integral part in
the development of the transition plan. The transition plan should first specify the model of
divestment and the final goal of the transition, such as a new operation model under different
funding mechanism, or decommissioning. The following elements should be included in the
plan:

e Target date for completing the transition;
e Organizations involved in managing the transition activities

e Estimated cost of transition, which includes labor and material cost, as well as the
estimated contingency based on the uncertainties and risks

e Plan for environmental impact analysis;
e Plan for resolving contractual issues and closing of contracts

e Any additional costs and responsibilities (e.g., HR and personnel-related costs,
environmental remediation, etc.) associated with divestment/decommissioning should
be noted to the extent possible.”

The plan should identify key steps during the transition period with each step detailed with a
clearly defined goal and target timeline. The plan should identify the organizations that handle
the transition matter at each stage with clearly defined authorities and responsibilities. If the
divestment is accomplished through changing the funding source or a new model of operation,
the transition plan should identify the new management organization and include the following
elements:

e Description of the new model of operation and NSF’s role under the new model;
e The costs to NSF under the new operation model, and
e A hand over procedure to the new management organization.

If the divestment is accomplished through decommissioning, the plan should identify the
equipment or facilities that need to be disposed and include the following elements:

e Cost and procedures for proper disposal of equipment;
e Cost and plan for environmental and site remediation.

If there are pension and health care responsibilities after the divestment, the plan should
describe how these responsibilities will be handled and the source of required funding.
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The transition plan should also include the risk management during the divestment transition
process. This includes list of risks, risk mitigation and management plan.
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4 KEY MANAGEMENT PRINCIPLES AND REQUIREMENTS FOR MAIJOR FACILITIES
4.1 INTRODUCTION

This section provides greater detail about key management, budgeting, and reporting activities
that should be carried out throughout a project’s life cycle stages, for both Major Research
Equipment and Facilities Construction (MREFC) and non-MREFC projects, to ensure adherence
to principles established by National Science Foundation (NSF).

Some of these activities will be funded via MREFC and others via R&RA, depending on life cycle
stage.
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4.2 COST ESTIMATING AND ANALYSIS
4.2.1 Overview of Guidance and Process for Both Construction and Operations Awards

As noted in Section 1.1, award instruments can take the form of cooperative agreements or
contracts. Unless otherwise noted, the guidance in this section applies to major facility projects
regardless of the award instrument employed. Proposed budgets must comply with the
applicable federal regulations, as implemented by NSF in the MFG, the Proposal and Award
Policies and Procedures Guide (PAPPG) or the Guide to the NSF Contracting Process. Recipients
are required to follow the best practices within the GAO Cost Estimating and Assessment
Guide® and GAO Schedule Assessment Guide?, taking into consideration NSF policy and practice
as provided in this Guide. These NSF and Government Accountability Office (GAQ) Guides are
intended for all Stages in a facility’s life cycle. However, portions of these Guides may be
tailored depending on what is relevant to the particular facility estimate. Accordingly,
Recipients must note any departures from these NSF and GAO Guides and explain their
rationale in the Cost Estimating Plan (CEP)3. Additional guidance on how to apply the relevant
practices from the GAO Cost Guide and examples of potential deviations are provided in
Section 4.2.2.3.

The guidance herein clarifies NSF expectations for the format, content, supporting justification,
and good practices for Recipient cost estimates. This guidance also explains the NSF cost
analysis process and timeline. By following this guidance Recipients should expect a better
estimate and a more efficient review by NSF, facilitating achievement of the science mission.
For existing awards, the Recipient should consult with the PO.

NSF uses internal staff, outside experts, and panel reviews to analyze estimates for construction
and operations awards. The Recipient estimates must meet two sets of criteria that also serve
as the basis of the NSF cost analysis: (1) the cost principles of either 2 CFR § 200, Subpart E for
non-profit entities or the Federal Acquisition Regulation, Part 31 for for-profit entities, and (2)
the GAO Cost Guide. Cooperative support agreement estimates must be allowable?, allocable,
and reasonable per the 2 CFR §200, Subpart E, and realistic. To be deemed reasonable under
the cost principles, the estimate must be developed in accordance with the best practices and
twelve steps of the GAO Cost Guide to meet the four characteristics of a high-quality estimate

1 GAO Cost Estimating and Assessment Guide!: Best Practices for Developing and Managing Capital Program Costs (GAO-09-3SP
March 2009, or subsequent revision)

2 GAO Schedule Assessment Guide?2: Best Practices for Project Schedules (GAO-16-89G December 2015, or subsequent revision)

3 Definition in Lexicon is adapted from AACE International Recommended Practice No 36R-08, Development of Cost Estimate
Plans — As Applied in Engineering, Procurement, and Construction for the Process Industries, Rev. June 12, 2009.

4 Allowable costs are defined by federal guidelines and relevant cost principles. Allocable costs must be logically related to the
particular award. Reasonable costs are what a prudent individual would pay in a competitive marketplace (i.e., costs are not too
high). Cost realism defines whether the costs are realistic for the work to be performed, reflect a clear understanding of the
requirements, and are consistent with the methods of performance and materials described in the Recipient’s technical
proposal (i.e., costs are not too low).
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(well-documented, comprehensive, accurate, and credible), as outlined in Tables 2 and 25 of
the 2009 GAO Cost Guide.

As described in Section 2 of this guide, Recipients must develop estimates for design,
construction, operation and divestment of facilities. Estimates should be well documented,
comprehensive, accurate, and credible and should facilitate appropriate analyses from a wide
variety of reviewers at the various life cycle stages. It is understood that cost estimates will
undergo further refinement at each stage-gate review and the materials required herein will
evolve accordingly. NSF will review estimates at an appropriate level as the project advances
through the various facility life cycle stages.

Figure 4.2.1-1 below depicts the general NSF cost analysis process performed for construction
and operations awards. The NSF Program Officer (PO), Grants and Agreements Officer (G/AO)
or Contracting Officer (CO), Large Facilities Office (LFO) Liaison, and Cost Analyst conduct a
detailed analysis of the Recipient cost estimate. NSF may also utilize independent cost
estimates and cost estimate reviews! done by external panels and independent contractors or
agencies to inform the analysis. The G/AO or CO and Cost Analyst review includes the detailed
sub-elements, cost categories, and supporting basis of estimate discussed in this section of the
Guide. The PO review includes the technical scope, risks, level of effort, schedule, and
assumptions. The LFO Liaison supports analysis of any risks and proposed contingency budget.
The inputs from the various sources are integrated and addressed with the Recipient, which
could potentially result in a revised cost estimate or additional documentation. The PO
ultimately recommends the budget, funding profile, and internal and external sources of funds
based on the realism of the cost estimate, technical scope of the project, and the availability of
funds. The G/AO or CO approves the Recipients’ cost estimate and ultimately the award of the
proposal and approved budget based on the results of the cost analysis.

For construction awards, the NSF cost analysis is done at the end of each Design Phase, in
conjunction with CDR, PDR, and FDR, to support stage-gate reviews. For operations awards, the
NSF cost analysis is done on operations and management proposals for initial operations,
renewal, and recompetition of awards. NSF may also perform cost analyses at other times, as
necessary, based on a risk-based assessment. For example, cost analyses may be needed during
construction or operations to support significant changes in scope, schedule, cost, risk or
complexity. These latter types of analysis may only require review of targeted subsets of
information for specific changes. NSF typically requires 90 to 180 calendar days to complete a
full review and detailed cost analysis of a proposal budget prior to proceeding to the next
design phase or prior to award for operations or construction. This time will vary depending on
project scope, cost, risk, complexity, and relative importance. It will also depend upon whether
revisions to the estimate, due to errors or cost re-categorizations, for example, are needed.
During the review time window, the Cost Analysis and Pre-Award (CAP) Cost Analyst may

1 The definition for Independent Cost Estimate Review in Lexicon is adapted from Table 27 in GAO Cost Estimating and
Assessment Guide.
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perform a cost analysis (typically 60 calendar days duration) in parallel with other review
activities to augment the G/AO review and target specific areas noted in Section 2.1.6.2 and
Figure 4.2.1-1.

If there are issues with the provided information, the PO, G/AO or CO, LFO, and/or Cost
Analysts may require additional documentation and justification and further interaction with
the Recipient prior to completing the analysis. Communication among all parties as well as a
sound initial basis of estimate are essential for timely and successful completion.

When submitting construction or operations estimates for cost analysis, Recipients must submit
the following as a minimum:

e Cost Estimating Plan per Section 4.2.2.1.

e “Cost Model Data Set” per Section 4.2.2.1.

e Reports and Proposals per Sections 4.2.2.2 and either 4.2.3.2 or 4.2.4.2.

e The Work Breakdown Structure (WBS) per Section 4.2.2.7.

e Supporting information forming the Basis of Estimate (BOE) per Sections 4.2.2.3, 4.2.2.4,
4.2.2.5,4.2.2.6, and either 4.2.3.40r4.2.4.4

For proposals that contain subawards?, each subaward must include a separate budget
justification.

1See the Section 9 Lexicon for the difference between a “subaward”, which transfers significant effort from the Recipient to
another entity, and a “contract, which involves the purchase of materials and supplies, equipment or general support services
allowable under the award.
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Figure 4.2.1-1
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4.2.2 Elements of Both Construction and Operations Estimates

4.2.2.1 Cost Estimating Plan

For new construction and operations awards, Recipients must develop and submit a Cost
Estimating Plan (CEP) to establish and communicate how the preparation, development, review
and approval of the estimate will be or was completed. For existing awards, the Recipient
should consult with the PO regarding the CEP. Ideally the CEP will be developed and discussed
with NSF far in advance of submission (e.g., one year for major facility awards) to ensure that
that Recipient’s plans are aligned with NSF expectations and requirements outlined herein and
sufficient time is available to collect and package data. The CEP is the cornerstone of the
estimate(s) that come later and, along with the basis of estimate, critically important for
generating a high-quality estimate to facilitate management decisions and NSF cost analysis.
Recipients should contact their NSF PO, G/AO or CO, LFO Liaison, and/or Cost Analyst for more
information or guidance.

The CEP must state the purpose(s) of the estimate and describe how the guidance in Section 4.2
of this Guide, the PAPPG, “2 CFR Part 200, Subpart E — Cost Principles,” and the GAO Cost
Estimating and Assessment Guide will be or has been implemented. Recipients must note any
departures from these NSF and GAO Guides and explain their rationale in the CEP. The CEP
should also state the schedule of specific tasks, due dates, roles and responsibilities, practices,
systems, and calculations used to develop the cost estimate. The CEP should describe the
expected cost estimating methodology, maturity, and, if applicable, accuracy range? at each
Stage or Phase (e.g., expert opinion, analogy, parametric, engineering build-up, historical data).
The CEP should also explain any ground rules, assumptions and exclusions that apply broadly to
the estimate, allowances, and other sensitive or significant factors or considerations, including
their rationale and any references. Recipients should also discuss the independent cost
estimates and reviews, if any, they are planning to validate the project estimate.

The CEP should be tailored to the stage of the facility life cycle and address the most relevant
costs, from Development and Design through Construction, Operation, and Divestment. The
CEP should explain how the cost estimate may evolve over time. For example, the expected
level of funding needed for the Operations Stage should be identified at the Conceptual Design
Review. Operating cost estimates will be refined and updated throughout the design and
construction process as further discussed in the Concept of Operations Plan, developed as part
of the PEP described in Section 3.4 of this Guide. The CEP presented in an Operations Proposal,
whether submitted by the Recipient of the construction award or by a separate entity, should
be informed by the budget information and planning contained in the Concept of Operations
developed in the PEP.

1 For example, via classification levels in AACE International Recommended Practice No.18R-97, Cost Estimate Classification
System — As Applied in Engineering, Procurement, and Construction for the Process Industries, Rev. November 29, 2011
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The CEP should explain how the “Cost Model Data Set” will meet the various needs of the
facility. The “Cost Model Data Set” is the cost data used as input to software tools and/or
project reports to organize, correlate, and calculate different management information. Figure
4.2.2-1 provides an example of a how a “Cost Model Data Set,” Work Breakdown Structure, and
a Recipient’s institutional accounting systems can be used as inputs in conjunction with
scheduling, earned value, and risk analysis tools to generate a variety of output reports for
project purposes. Sections 4.2.2.7, 4.2.3 and 4.2.4 of this Guide refer specifically to the work
breakdown structure, “Cost Model Data Set,” and “Cost Reports” blocks encircled with dashed
lines in Figure 4.2.2-1. The CEP is included as part of the PEP as described in Section 3.4 of this
Guide.
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Notes:

1.

For operations and construction. See Sections 4.2.2.1,
4.2.2.7,4.2.3and 4.2.4.

For construction and major facility upgrades funded
through operations based on the technical nature of the
proposed activities. See Sections 4.2.6, 4.3, 6.3 and 6.8.
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4.2.2.2 Estimate Formats

The Recipient must be capable of providing the cost estimate in multiple formats and reports,
including but not limited to the following:

e Reports based on a deliverable-based work breakdown structure (WBS) for construction
and a functional, activity, and/or deliverable based WBS for operations, as further
described in Sections 4.2.2.7, 4.2.3.3, and 4.2.4.3 below. These reports support project
management and execution and detailed cost analysis of sub-elements and are referred
to as Cost Books.

e Reports based on the standard NSF budget category format?, depicted in Figure 4.2.2-2
and Section 4.2.2.4 below, per NSF budget and budget justification guidance from the
PAPPG. This format supports cost analysis of NSF budget categories. For contracts, NSF
proposal requests may specify alternate formatting in lieu of the NSF budget categories.

The estimate is built-up from the individual WBS elements and sub-elements. See Section
4.2.2.7 for guidance on work breakdown structures. If the costs associated with each WBS
element are binned into the appropriate NSF budget categories, then both of the above
reporting formats can be readily produced. For example, costs can be coded with NSF budget
format letters (A through | per Figure 4.2.2-2) to populate rolled-up NSF budget format
summaries as well as the Cost Book organized by WBS. The estimate should allow for
mathematical checks of the proposal budget calculations and should contain actual formulas
that allow manipulations to check calculations (i.e., the model should not display just the
results of the application of formulas or be locked such that calculations cannot be verified in
real time).

The cognizant NSF PO and G/AO, or CO can be contacted with questions or for other specific
programmatic requirements.

1 Projects may choose to use broad, summarized budget categories for internal planning and reporting, but reports with the
detailed breakout into NSF budget categories must be supplied when requested. (Examples: a single combined “E-Travel”
category for internal use rather than “E-1 Domestic travel” and “E-2. Foreign travel” in Figure 4.2.2-2; a single category “Labor”
combining all NSF labor categories A through B-6.
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Figure 4.2.2-2  NSF Budget Categories Sample Format

A — Senior Personnel
B — Other Personnel
B.1 — Postdoctoral Scholars
B.2 — Other Professionals (Technicians, Programmers, Etc.)
B.3 — Graduate Students
B.4 — Undergraduate Students
B.5 — Secretarial — Clerical

B.6 — Other

C — Fringe Benefits

D — Equipment

E — Travel
E.1 — Domestic
E.2 — Foreign

F — Participant Support
F.1 — Stipends
F.2 — Travel
F.3 — Subsistence
F.4 — Other

G — Other Direct Costs
G.1 — Materials and Supplies
G.2 — Publication, Documentation, Dissemination
G.3 — Consultant Services
G.4 — Computer Services
G.5 — Subawards
G.6 — Other
H — Total Direct Costs
| — Indirect Costs
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4.2.2.3 Application of GAO Cost Guidance to Major Facilities

The MFG is intended to supplement not duplicate the GAO Cost Guide, PAPPG, and industry
good practices and standards. The best practices (twelve steps) of the GAO Cost Estimating and
Assessment Guide are highlighted below to help show how they can be applied or tailored to
NSF major facilities, including potential deviations, and how they should be integrated with NSF
processes. Concise summaries of GAO’s twelve steps and four characteristics of a high-quality
cost estimate can be found in Tables 2 and 25 of the 2009 GAO Cost Guide and additional
checklists are provided at the end of each chapter. By following the GAO Cost Guide, Recipients
should expect a better estimate and a more efficient review by NSF, facilitating achievement of
the science mission. NSF and independent reviewers use these GAO criteria and other methods
when analyzing Recipient cost estimates to determine whether to make an award. Application
of the GAO Schedule Assessment Guide is discussed further in Section 4.3.

GAO Cost Guide’s Twelve Steps / Best Practices:
1. Define estimate’s purpose:

(0}

The purpose must be clearly defined. There are typically two general purposes:
(1) to help managers evaluate affordability and performance against plans, as
well as the selection of alternative systems and solutions, including value
engineering and scope management, and (2) to support the budget and award
processes by providing estimates of the funding required.

Defining the purpose helps clarify the intended use and package the estimate to
facilitate review by a range of audiences, including managers and independent
reviewers. Reviewers not familiar with the facility will need a standalone
document with both the appropriate high-level perspective and the detailed CEP,
BOE, and linkages via WBS so that someone unfamiliar with the program can
understand it, recreate it quickly with the same result, and be able to determine
if it meets the GAO’s twelve steps and four characteristics of a high-quality cost
estimate.

Defining the purpose also helps determine its scope and level of detail, identify
appropriate performance measures for benchmarking progress, address the
benefits it intends to deliver, and link the estimate to NSF’s mission, goals, and
ideas.

For additional descriptions and guidance on the purpose and context of the
estimate, including why it is developed and how NSF uses the estimate, see MFG
Sections 1.1,2.3.1,2.3.2,2.3.3,3.4,4.2.1,4.2.2.1,4.2.3.1,4.2.4.1,6.2.1,6.2.8.1,
and Figure 4.2.1-1 and Figure 4.2.2-1.

2. Develop an estimating plan: A CEP must be developed and address the details described
in Section 4.2.2.1.

Section Revision:
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3. Define program characteristics: Characteristics of the program being estimated must be
defined for construction projects per the Project Execution Plan in Section 3.4 and for
operations awards per the Proposal and Work Plan in Sections 2.5 and 3.5.

4. Determine estimating structure:

(0]

(0}

The estimate must be organized by both the WBS and NSF budget categories as
described further in Sections 4.2.2.2,4.2.2.7,4.2.3.3 and 4.2.4.3 and Figure
4.2.3-1 and Figure 4.2.4-1.

The estimate structure must have clear traceability between WBS, CEP, and
BOEs, correctly roll-up to higher levels, and readily map between the WBS and
NSF Budget Categories.

5. Identify ground rules and assumptions (GR&As):

(0}

The ground rules (a common set of agreed on estimating standards that provide
guidance and minimize conflicts in definitions) and assumptions (a set of
judgments about past, present, or future conditions) must be clearly defined and
documented in the CEP, as described in Section 4.2.2.1.

The GR&As should be developed by estimators with input from experienced
program and technical personnel, based on information in the technical baseline
and WBS dictionary, vetted and approved by upper management, documented
to include the rationale behind the assumptions and backed up by historical
data.

GR&As may be global, in which case they apply to the entire estimate and should
be clearly and consistently used throughout the. GR&As may also be program-
specific or WBS element-specific, driven by the particular technical
requirements.

The potential impacts from changing GR&As should be considered when
developing the sensitivity and risk analyses.

For NSF major facilities, GR&As often include inflation, escalation, indirect rates,
travel, fringe benefits, schedule or budget constraints, acquisition strategy,
participation of other agencies or governments, level of technology maturity and
required research and development. GR&As also often define what is included
and excluded from the estimate, such as use of existing or multi-purpose
equipment and facilities.

6. Obtain data:

(0}

Section Revision:

The estimating methods, level of detail, accuracy range, availability of historical
and current cost data will evolve and improve through the design Phases and
Construction and Operations Stages. Current data should be routinely collected,
documented, and included in estimates.
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(0}

Data should be collected from multiple sources, normalized, and assessed for
convergence and sensitivity. Cost drivers, trends, and outliers should be explored
and carefully analyzed for reliability and relevance. Primary data sources,
obtained from the original source and usually traceable to an audited document,
should be used when possible. Backup data should be collected and used to help
identify cost drivers and cross-check results.

Recipients should carefully consider data sources and the applicability, potential
limitations, allowances, risks and uncertainty. This is especially true for NSF
major facilities where estimates often include research and development,
prototypes, university work, software and cyber-infrastructure, and unique,
complex, new and/or evolving technologies.

The best estimating method should be chosen for each WBS element. The
following cost estimating methodologies should be used, in order of preference,
if the data exists: (1) Actual/historical data for the systems or operations being
estimated; (2) Detailed engineering build-up; (3) Parametric data with
adjustments to reflect differences (e.g., technical, size, weight, quantity,
location, schedule); (4) Analogous data with adjustments to reflect differences;
(5) Expert opinion, only if a secondary methodology is used to substantiate.
Data sources, content, time, units, calculations and results, explanations for

choosing a particular estimating method or reference, and circumstances
affecting the data should be clearly documented in the CEP and Cost Book BOE.

7. Develop point estimate and compare it to an independent cost estimate:

(0]

Section Revision:

Recipients are encouraged to obtain independent cost estimates (ICEs) and cost
estimate reviews to help validate and improve the quality of the estimate before
submitting proposals to NSF. Recipients should address this as part of the CEP, as
described in Section 4.2.2.1. Operations proposals do not typically warrant an
ICE since analogous historical costs are readily available or the basis of estimate
will typically not have the breadth and depth of technical and cost detail that is
expected for a construction award.

As noted in Sections 4.2.1 and 4.2.2.1, NSF utilizes ICEs and independent cost
estimate reviews done by external panels and independent contractors or
agencies. An ICE is required prior to construction awards. An independent cost
estimate review of some type is required of operations proposals prior to initial
operations, renewal, and recompetition of awards. These ICEs and independent
cost estimate reviews are used to validate the Recipient estimates, negotiate
awards, check for compliance with GAO best practices and Uniform Guidance
Cost Principles, and inform the NSF cost analysis. Far in advance of reviews, the
NSF PO, G/AO or CO, LFO Liaison, and Cost Analyst determine the type, timing,
scope, and team required. Recipients should be prepared to support these
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efforts, address any findings, and participate in reconciliations of proposals with
ICEs.

8. Conduct sensitivity analysis:

(0]

Done to test the sensitivity of cost elements to changes in estimating input
values and key assumptions so that key cost drivers and the range of potential
costs can be identified, highlighted for Recipient management and NSF, and a
strategy can be developed to deal with them. Sensitive elements are those
where small changes in variables can create the greatest changes in cost.

Can be done rigorously and quantitatively by examining the effect of changing
one assumption, ground rule, or cost driver at a time while holding all other
variables constant to understand which variable most affects the cost estimate.
The changes should not be arbitrary or subjective (e.g., +/- %), but rather
determined by subject matter experts based on available data.

Sensitivity analysis tries to isolate the effects of changing one variable at a time,
while risk or uncertainty analysis examines the effects of many variables
changing all at once. The results of the sensitivity analysis can therefore be used
to help identify and quantify risks that are then used in a probabilistic risk
assessment to develop the contingency budget and confidence level.

The results of the sensitivity analysis can also inform decisions when analyzing
alternatives for design, acquisition, construction, operations, and maintenance.
Analyses can also drive actions to avoid, mitigate, transfer, or accept a risk.

For operations estimates that may consist largely of level of effort work, a more
gualitative sensitivity review could be performed and justification provided that
there are no particularly sensitive elements and therefore little or no potential
impact.

The major contributing variables within the highest percentage cost elements
are the key cost drivers that should be considered in the analysis. May be a
ground rule and assumption, especially those least understood or most at risk of
changing. For NSF major facilities, sensitive elements may include electricity,
fuel, major commaodities, inflation specific to certain cost categories,
requirements changes, location, domestic versus foreign sources/procurements,
acquisition strategy.

9. Conduct risk and uncertainty analysis:

(0]

Section Revision:

Described further in Sections 4.2.5 and 6.2 below. The risk register data, basis of
estimate, assumptions, and detailed methodology used to calculate contingency
budgets must be documented and provided if contingency is requested. As
described in Section 3.4 for construction projects, this information is
documented in the Project Execution Plan components 4.6, 4.10, and 6.
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O For operations, also see Section 4.2.6. These analyses are not typically required
for operations awards unless a separate contingency budget is requested for
facility or instrumentation upgrades or replacement projects. However, a
summary of key operational risks, their potential cost impacts and mitigation
strategies may be beneficial to articulate as part of the proposal. These could
also be handled as part of the sensitivity analysis (Step 8).

10. Document the estimate: Described throughout Section 4.2.

11. Present the estimate to management for approval: Described in Sections 2.3, 2.5, 3.4,
3.5,and 4.2.1.

12. Update the estimate to reflect actual costs and changes: Described throughout Section
4.2 and for EVM in Sections 3.4.1 and 6.8. Typically, not required for operations awards
though work plans and budgets may be adjusted annually to reflect actual work done
and updates to planned work.

4.2.2.4 Supplementary Guidance for NSF Budget Categories from the PAPPG

This section discusses types of additional detailed information typically needed by Recipients to
justify the estimates by the required NSF Budget Categories. This information is intended to
supplement the standard guidance for the NSF Budget Categories described in Chapter 11.C.2.g
of the PAPPG and depicted in Figure 4.2.2-2. This guidance is not all inclusive nor is it required.
It is intended to clarify NSF expectations, assist Recipients, facilitate NSF review with fewer
iterative resubmissions, and prevent recurrent issues. For each NSF Budget Category, Recipients
should provide specific justifications to demonstrate costs are allowable, allocable, and
reasonable per the cost principles of 2 CFR §200, Subpart E, and realistic.

The PAPPG states that budget justifications must be no more than five pages per proposal.
However, most cooperative agreements for major facility projects (both construction and
operations) will require substantially more pages.

The following apply to the salary data listed below. All Personally Identifiable Information
should be removed from the documentation. If not already covered in the CEP, Recipients
should provide a salary escalation rate for multi-year proposals, which can include a component
for annual raises similar to Cost of Living Adjustments (COLAs) and other pay increases for
promotions within the position classification. Recipients should provide the rationale behind
the salary escalation rate. In some cases, NSF may provide a base escalation rate in the
solicitation for guidance, but Recipients should follow Section 4.2.2.6 of this Guide when
proposing rates. Recipients may contact their NSF PO, G/AO or CO, LFO Liaison, and/or Cost
Analyst for a “Master Labor Schedule” template spreadsheet that can be used to compile all
labor data for ease of estimating and justifying labor costs.
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A — Senior Personnel

Recipients should provide verification of actual salaries paid for named senior
personnel. Salary rates should be based on actual costs per current rate paid by payroll
register, W-2s, or appointment letters. Recipients should note Academic Year (9-10
month) versus Calendar Year (12 month) appointments or time available to conduct
independent research if such appointments so provide. The Recipient should also
provide documentation to support reasonableness of the salary rate paid, such as salary
rate surveys, salary comparators, Human Resource Department analysis, or other
information.

NSF has a policy which typically limits senior personnel to two months effort in any
given year for standard NSF-funded grants. However, most cooperative agreements for
major facility projects (both construction and operations) have senior personnel effort
well in excess of two months. Compensation in excess of two months, if anticipated,
should be disclosed in the proposal budget, and explained in the budget justification.

B.1 — Postdoctoral Scholars

Recipients should provide the average salary rate or rate range for postdoctoral
students at the organization in the field of science. Actual payroll data may not be
available as these may be to-be-hired positions.

B.2 — Other Professionals, Technicians, Programmer, Etc.)

Since the NSF budget format poses this as a total number of individuals for a total
number of months, additional explanation is generally required to disaggregate the total
for cost analysis. The level of effort will likely need to be obtained by individual or by
position for salary calculations. Recipients should also provide a spreadsheet with the
budget justification that includes: name or position number, location, WBS, title, salary
rate and period, level of effort as a percentage or in person-months, and calculation of
amount for each award year.

Recipients should provide supporting documentation for the salary rates of the
technicians, programmers, and other professionals proposed. For these types of
positions, NSF recommends the use of Bureau of Labor Statistics (BLS) Standard
Occupation Classification Codes (SOC) by position title and referencing their positions to
BLS salary rates to establish reasonableness of proposed salary rates. The BLS data is
also available by region or city. Other salary rate survey data may be used, and larger
Recipient organizations may already have established salary ranges and qualification
bases established internally by their Human Resources Departments.
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B.3 — Graduate Students

e Recipients should provide the average salary rate or rate range for graduate students at
the organization in the field of science. Actual payroll data may not be available as these
may be to-be-hired positions.

B.4 — Undergraduate Students

e Recipients should provide the average salary rate or rate range for undergraduate
students at the organization in the field of science. Actual payroll data may not be
available as these may be to-be-hired positions.

B.5 — Secretarial — Clerical

e Recipients should provide the average salary rate or rate range for secretarial clerical
personnel at the organization.

B.6 — Other Personnel

e Generally, the same as B.2 above but special classifications could justify different
treatment.

C — Fringe Benefits

e Most Recipient organizations utilize a single tier fringe benefit rate or fringe benefit rate
by class of employee. Occasionally these fringe benefit rates are approved in the
Negotiated Indirect Cost Rate Agreement (NICRA). In such cases, the Recipient can verify
the rate and provide a fringe benefit calculation (rates by class) for a sample project
year. These cases should be noted in the CEP.

e Some organizations use an actual fringe benefit amount by class of employee. These
amounts vary greatly by employee salary levels. While some fringe benefit costs are
based on a percentage of salaries (such as statutory withholding or contributions to
retirement and Paid Time Off (PTO)), other fringe benefits such as medical insurance
may be a lump sum amount and are not directly tied to salary paid. The Recipient should
provide an estimate of each fringe benefit provided as a percentage to salaries paid
along with a description of the fringe benefit provided as a means to gauge the
reasonableness of the fringe benefit package provided.

e In both cases, Recipients should explain differences in the treatment of PTO. Some
organizations include this as a component of the fringe benefit rate and others include
the full cost of salary (including PTO) in the salaries as budgeted.
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D — Equipment

e There can be equipment expenses or materials and supplies that individually are less
than the threshold but taken together exceed the equipment threshold, particularly
when installed or fabricated by a Recipient.

e Recipients should list each item of equipment individually and include a description,
estimated cost, and justification of need. Recipients should typically provide vendor or
catalogue quotes for each item of equipment when available. These quotes should be
indexed and numbered to the equipment items proposed. For unique scientific
instrumentation or other equipment components where vendor quotes are not readily
available, a clear basis of estimate should be provided.

E — Travel

e Generally, the cost estimate should be detailed by individual destinations, type of
transportation (airfare or mileage), per diem (lodging and meals) and other associated
expenses. The relation of the travel to the proposed activities should also be included.
For renewal projects, historical costs can be considered as a means of assessing the
reasonableness of travel costs. Where there are large numbers of trips and the actual
locations may not be known in advance, then cost estimating relationships (e.g., average
of $1,500 per traveler per trip) may be used.

F — Participant Support

e Justification should include the number of participants, stipend amount, travel cost
estimate, and subsistence costs per participant. Recipients should also provide the
number of days or weeks of the training activities to provide a basis for determining
reasonableness of the proposed payments.

e Participant support costs may not be used for personnel at the Recipient institution.

Note: All contracts for procurements or services needed to carry out the project must be listed
in G.1,2,3,4, to align with the type of budget activity or in G-6 Other. All contracts must follow
2 CFR § 200.317-326 including price and cost analysis, competition, competition, contacting
with women'’s, small and minority businesses, and contract provisions. For procurements by
micro-purchase, i.e., purchase of supplies or services using simplified acquisition procedures,
the threshold amount for all awards is $10,000 based on the American Innovation and
Competitiveness Act. Contracts must not be listed in G.5 Subawards.

To assist Recipients in determining the difference between a subaward and a contract, please
refer to the “Subrecipient vs. Contractor Checklist,” developed by the Association of
Government Accountants.
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G.1 — Materials and Supplies

An itemized listing is not necessary unless an item represents a substantial amount of
costs. Vendor or catalogue quotes, historical costs, or other cost estimating
relationships may be used to establish reasonableness of the cost estimate.

G.2 — Publication, Documentation, Dissemination

e Recipients should provide an estimate of publication and dissemination costs.

G.3 — Consultant Services

e For each consultant identified, the Recipient should provide justification that the
proposed rate of pay is reasonable.

G.4 — Computer Services

e Where it is established institutional policy to direct charge computer services, the
Recipient may justify and include such costs in the budget. Generally, such recharges
should be based on established internal institution usage rates. Recipients should
provide a supporting institutional statement or policy document and rates by units of
actual usage.

G.5 — Subawards?

e Recipients of cooperative agreements are expected to conduct a pre-award risk review
of the subawards to include both cost and price analysis and to identify risk as outlined
in the Uniform Guidance, 2 CFR § 200.331.

e Recipients should provide NSF with their pre-award analysis of each of the proposed
subawards when submitting for approval of each subaward. Such Recipient pre-award
analysis should include a determination of Subaward risk. This should include an
assessment of financial capability and ensuring the Subrecipient is not on any Federal
Government “do not pay” listing. The Recipient should also have performed a price or
cost analysis of the Subrecipient’s proposed work to ensure the reasonableness of costs.

e NSF reviews the Recipient’s documentation on each Subrecipient to ensure sufficient
rigor and detail was performed.

e The Recipient must keep copies of the risk assessment performed, which should detail
any key risks identified and how those risks were mitigated and resolved, cost and price

1 A subaward is for the purpose of carrying out a portion of a Federal award and creates a Federal assistance relationship with
the subrecipient. See 2 CFR § 200.92 Subaward. Characteristics which support the classification of a subrecipient versus
contractor can be found at 2 CFR § 200.330. See also PAPPG Il C.2.g (vi)(e).
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analysis, and results of searches of the System for Award Management (SAM.gov), and
Federal Awardee Performance and Integrity Information System (FAPIIS).

G.6 — Other

e Itemized Other costs per PAPPG Il C.2.g (vi)(f), including the applicable budget
contingency, should be summed here and described separately in the Comments area of
the form.

e Budget contingency, when applicable, should be presented as a part of the total amount
of Other Direct Costs under section G.6 on the standard NSF budget form. Budget
contingency budget estimates should be developed in accordance with Sections 4.2.5
and 6.2 of this Guide and should include all fully burdened contingency amounts. The
proposal should include adequate documentation on the basis of estimate for the
contingency amounts, indicating that they were developed in accordance with 4.2.5 and
6.2 and are supportable. Budget contingency and allocations of contingency will be
called out in the Cooperative Support Agreement by the G/AO under the “Contingency”
section, based on information provided in the negotiated budget justification.

H — Total Direct Costs

e The total amount of direct costs requested in the budget, to include Lines A through G,
must be entered on Line H.

| — Indirect Costs

e When the Recipient has a Negotiated Indirect Cost Rate Agreement (NICRA) established
with a cognizant federal agency, the rate and base in that agreement should be used to
compute indirect costs. A copy of the NICRA should be included in the CEP.

e When a Recipient does not have a NICRA, the Recipient should provide a calculation and
an indirect cost rate proposal. The Recipient should ensure that indirect costs are in
accordance with NSF policies in NSF’s Indirect Cost Rate Proposal Submission
Procedures. Recipients should provide a clear description of rates and application bases.
Recipients should also provide spreadsheet calculation of rate or rates by year clearly
showing exclusions such as sub-contracts greater than $25,000, equipment or capital
expenditures, and participant support. If a Recipient has different indirect cost rates
across NSF budget categories in Figure 4.2.2-2, these rates should be clearly identified
and justified. Any deviation to a Recipient’s normal rate should also be justified.

K—Fee

e When the Recipient is proposing a Fee amount, it should be presented in line K. A Fee
can only be proposed when the solicitation allows for it. Fee will be called out separately

Section Revision: 4.2.2-15
September 20, 2019



Major Facilities Guide: NSF 19-68 (September 2019)

4.2.2 Elements of Both Construction and Operations Estimates

Prepared by Budget, Finance, and Awards Management, Division of Acquisition and Cooperative
Support (BFA-DACS), & The Large Facilities Office (BFA-LFO)

in the award terms and conditions and based on information provided in the negotiated
budget justification.

4.2.2.5 Fee

The payment of fee may be authorized for major facility construction and operations awards,
unless otherwise prohibited in specific circumstances by NSF. Fees will be evaluated for
reasonableness by the G/AO using a structured approach as prescribed by DACS. In part, the
G/AO may use information such as the negotiation objective set forth in the Decision Memo
and/or other cost negotiation memorandum as the basis for selecting the fee type and
determining the fee amount. The amount of fee will not exceed the statutory limitations
pertaining to cost contracts set forth at 41 U.S.C. 3905, notwithstanding that the fee is provided
through a cooperative agreement. NSF will also provide guidelines for Recipients that receive
fee to encourage the utmost discretion and appropriate consideration in the use of fee, to
include examples of inappropriate uses of fee (e.g., including but not limited to not using fee on
alcoholic beverages or lobbying as set forth at 2 CFR § 200.450 and 48 CFR 31.205-22). NSF will
reserve the authority to review a Recipient’s actual use of fee. Accordingly, Recipients must
separately track and account for uses of fee provided under NSF awards. The terms and
conditions of each award will specify the fee arrangement. NSF will consider reductions in
future fee if a Recipient’s actual use of fee is in contravention with the guidelines on
inappropriate uses.

4.2.2.6 Escalation

Recipients are not limited to using only broad and publicly available economic assumptions
when doing cost estimates. NSF encourages organizations to use escalation information
appropriate for the known situations or a particular industry as long as they can be justified. For
example, specialized data may be available from the Department of Energy, Department of
Defense, BLS, industry metrics, and/or historic experience with similar items. The justification
for all escalation assumptions and inflation factors (including use of standard OMB inflation
factors) should be included in the CEP and used consistently throughout the BOE.

Estimates should preferably be based on current information but may include appropriate
escalation calculations and justifications to support the planned execution timeframe.
Escalation for raw materials and equipment in technological projects often runs higher than
broad measures of inflation (e.g., the consumer price index) due to inelasticity in pricing (i.e.,
there are few or no substitutes available in the marketplace and demand remains constant).
Recipients should consider cost sensitivity and establishing risks and associated contingency for
future price variability and developing mitigating actions. (See Sections 4.2.2.3 and 4.2.6)
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4.2.2.7 Work Breakdown Structure (WBS)

As described in the GAO Cost Estimating and Assessment Guide, a WBS is the essential
cornerstone of every project because it defines in detail the work necessary to accomplish a
project’s objectives. For construction, the WBS is a deliverable-based and hierarchical
framework structure that provides specific, manageable and schedulable tasks and may be
composed of products, material, equipment, services, data, and support facilities that the
project should yield. An operational WBS may be functional, activity, and/or deliverable based,
depending upon the type of work. Level of Effort tasks should be confined to only those tasks
that are not easily definable as deliverables. The WBS provides a consistent framework for
planning, estimating costs, developing schedules, identifying resources, and determining where
risks may occur. The WBS is a valuable communication tool and provides the means for
measuring program status, e.g., via using Earned Value Management for construction. WBSs are
developed at varying levels of detail but should include at least three levels. Generally, the
number of levels employed should be sufficient to identify and measure progress towards
achieving deliverables, assign responsibility, and enable effective management and reporting.
The number of decomposition levels varies depending on the project’s size and complexity,
technical maturity, organizational constraints, acquisition and construction strategies, and
management’s assessment of need.

Guidance and examples of common WBS elements can be adapted from GAO and other
guidance and tailored for NSF projects, as depicted in Figures 4.2.3-1 and 4.2.4-1. The benefits
of developing standardized or similar WBSs across the portfolio of facilities within an
organization include:

e Consistent, clear, and familiar reporting structures and organizational relationships
e Improved efficiency and effectiveness of NSF cost analyses

e Better characterization of project schedule, scope, and cost

e FEase of judging completeness and reasonableness

e Better collection and sharing of data and analysis methods across multiple contractors
and projects to support future cost estimates

e Better cost tracking over time, and identification of major cost drivers and systemic
problems across contractors and projects
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4.2.3 Additional Guidance for Construction Estimates

4.2.3.1 Purpose and Process

As discussed in Sections 4.2.1 and 4.2.2 above, NSF utilizes internal staff, outside experts, and
expert panels at the Conceptual Design, Preliminary Design and Final Design Reviews and
during the Construction Stage to assure that proposed construction cost estimates and budgets
meet expectations, incorporate relevant GAO Cost and Schedule Guide best practices, and are
allowable, allocable, reasonable, and realistic. Cost Estimating Plans and Cost Books should be
updated as necessary during each of the Phases in preparation for the Reviews. NSF documents
all the cost analysis work, technical reviews, audits, etc. for cost analysis as part of its oversight
and assurance roles.

The construction PDR estimate and subsequent NSF analysis must be sufficient to give NSF
confidence in the estimated Total Project Cost (TPC) that advances for National Science Board
authorization and potential inclusion in a future budget request. The FDR estimate and analysis
must be sufficient to give NSF confidence in constructing and commissioning the facility within
the TPC.

4.2.3.2 Construction Cost Book — Introduction and Executive Summary

Construction Cost Books are necessary at the CDR, PDR, and FDR, at minimum, to provide a
comprehensive, consolidated estimate of construction costs.

The Project Execution Plan described in Section 3.4 of this Guide includes a Construction Cost
Book (PEP-4.7) as one component of the overall Construction Project Definition. The Cost
Estimating Plan and Construction Cost Book provide assumptions and detailed information
forming the Basis of Estimate. The following additional high-level information should be
provided as an overview and executive summary (PEP-4.5) to assist with the review process
described in Section 2 of this Guide. Recipients should consult with the PO and G/AO or CO as
necessary to identify any other specific cost reports and content required to support the
review.

e Overall high-level cost summary charts, tables, profiles, and reports; depicting total and
annual costs; reported both by WBS and in NSF budget format; providing Base Year and
Then Year costs.

e A comparison of the current total project cost to past estimates and an explanation of
any major changes, including impacts to scope or design.

e Explanation of how project costs by WBS map to the NSF budget format, including
detailed traceability or crosswalk matrix, described further below.

e Other reports, as needed, e.g. costs by resource types (subcontract, labor, materials,
travel), cost profiles (total, labor, non-labor, by WBS sub-element), personnel profiles
(Full-time-equivalents by WBS sub-element).
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4.2.3.3 Construction Cost Book — Format

Major facility construction projects must employ a deliverable-based and hierarchical WBS that
provides specific, manageable and schedulable tasks and may be composed of products,
material, equipment, services, data, and support facilities that the project should yield. Level of
effort tasks should be minimized for optimizing tracking of spending against budget and
accomplishments against plan in the project Earned Value Management reports.

Examples of potential components of a WBS, common to many NSF plans for construction of
major facilities, are listed in Figure 4.2.3-1 and further described below. The intent is to provide
a standard format to the extent feasible with the vast array of different facility types while
noting that additions and/or alterations to this list are likely, due to the unique nature of each
specific facility.

A basic description of each WBS is as follows:

1.0 Project Administration and Management Office — Include activities related to the
management and administration of the project. This includes quality assurance and
safety, reliability, document control, cost/schedule reporting and control systems, and
configuration management.

2.0 Facility Infrastructure and Civil Construction — Includes the design, procurement,
construction, and integration, of the supporting infrastructure. One example is a
telescope and site construction, consisting of the facility enclosure, dome, and
telescope mount.

3.0 Scientific Equipment and Instrumentation — Includes unique and specialized scientific
equipment. For example, field sensors and gages.

4.0 Computers and Cyber-Infrastructure — Includes hardware and software needed to
operate the system and collect and analyze data.

5.0 Systems Integration, Testing, and Commissioning — Includes the overall systems
infrastructure and personnel needed to integrate other WBS elements to ensure they
work correctly together for testing, commissioning, training, and operations.
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Figure 4.2.3-1  Construction WBS and Cost Book Sample Format

1.0 Project Administration and Management Office
1.1 Project Management Office
1.2 Site Office
1.3 Science Office
1.4 Education and Public Outreach
1.5 Safety and Environmental Assurance
2.0 Facility Infrastructure and Civil Construction
2.1 Sub-element X
2.2 Sub-element Y
2.3 Sub-element Z
3.0 Scientific EQquipment and Instrumentation
3.1 Subcomponent X
3.2 Subcomponent Y
3.3 Subcomponent Z
4.0 Computers and Cyber-Infrastructure
4.1 Data Infrastructure
4.2 Data Products
5.0 Systems Integration, Testing, and Commissioning
5.1 Common Utilities and Support Equipment
5.2 Early System Assembly, Integration, and Testing
5.3 Acceptance Testing
5.4 Training
5.5 Science Verification

4.2.3.4 Construction Cost Book — Detail

This section discusses additional detailed information needed for a high-quality Recipient cost
estimate and NSF cost analysis. This information is intended to supplement the standard GAO
best practices, grant guidance in the PAPPG, and industry standards and good practices'. The
guidance should improve project execution, clarify NSF expectations, assist Recipients, facilitate
NSF review with fewer iterative resubmissions, and prevent recurrent issues. It is understood
that this information will become further refined as the Design Stages advance.

1 Examples: AACE International Recommended Practice No. 18R-97, COST ESTIMATE CLASSIFICATION SYSTEM — AS APPLIED IN
ENGINEERING, PROCUREMENT, AND CONSTRUCTIONS FOR THE PROCESS INDUSTRIES; and AACE International Recommended
Practice No. 34R-05, BASIS OF ESTIMATE
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Presentation a

nd Linkages

e Individual WBS element costs must have a sound, fully justified and documented, and

sufficie

ntly detailed Basis of Estimate. Figure 4.2.3-2 below provides an example

Construction Cost Book Sheet depicting the format and content typically needed to
consolidate the “Cost Model Data Set” and to provide the appropriate level of detail and
BOE. This sheet includes the following information:

(0]

O O O O

@]

(0]

WABS and activity codes and descriptions, per the WBS Dictionary, to index the
cost estimate to a specific deliverable

Statement of Work describing the scope
Estimator Name and Date of Estimate
Resource Descriptions

Cost Basis Codes describing the estimate methodology (e.g., expert opinion,
analogy, parametric, engineering build-up, historical data)

Direct Costs with Units and Hours

Associated Fringe and Indirect Costs

NSF Budget Category Code corresponding to the budget categories depicted in
Figure 4.2.2-2 and Section 4.2.2.4 above, to allow mapping between WBS sub-

elements in Construction Cost Book and NSF Budget Categories on NSF Budget
Forms

Basis of Estimate source data, with breakout of sub-elements, typically including
direct input from technical experts in that area with calculations using material
and labor quantities and unit prices, with clear assumptions and sources
referenced

Associated risk, uncertainty, sensitivity, or contingency information, if any.

e Estimates must have clear traceability, including the following, as appropriate, for CDR,
PDR, FDR, and Construction:

0 The total estimated cost should correlate to current drawings, specifications, and

(0]

schedules.

Lower levels of the WBS must correctly roll-up to the higher levels, and the
application of rates and factors must be consistent with the Cost Estimating Plan,
basis of estimate, supporting rate agreements, and Recipient accounting
practices.

e \WBS sub-element costs should be readily mapped to NSF Budget Categories depicted in
Figure 4.2.2-2 and Section 4.2.2.4 above; for example:

(0]
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types across all WBS elements (e.g., all personnel, equipment, travel, indirect, or
computer services costs across all WBS elements)

0 If databases are sufficiently detailed, documented, and traceable, then
automatic sorting and summarizing of costs will be facilitated for various
purposes and for different reporting formats.

Cost estimates may be directly linked to scheduling tools, to allow automatic cost
updates with schedule changes.

BOE Refinement Process

Because of the hierarchical nature of the WBS, it is possible, over time, to refine the
level of detail at which the project scope, schedule, and task-based costs are captured.
Throughout the Design Stage the task and cost fidelity will increase, and eventually,
during the construction of the Project, the plans will be fully detailed. As the project
moves through the phases, detailed engineering build-up estimates using current
qguotes and prices should be collected, such that the proportion of estimated costs
based on expert opinion, analogy, or parametric estimates is reduced. As the project
finalizes plans for the start of construction the basis of estimate should include more
vendor catalogue, quoted, or proposed contract prices.

Direct labor rates, quantities, and skills mix should be justified, including information
from subawards.

If using consultants and contractors, Recipients should carefully justify substantial
consulting costs, including the type of work performed, quantity of time proposed, and
its cost, as compared to potentially less expensive current employee labor to accomplish
the proposed work.

Cost estimates should include adequate funding for project management, including the
use of appropriate project management tools such as project management control
software and associated staff support.

The major facility construction cost estimate may include commissioning (i.e.,
integration, testing, acceptance, and operational readiness), including funding for staff
to perform these activities and train the operations personnel. Roles change as a project
progresses from construction through commissioning and eventually to operations; time
and staffing requirements need to be carefully calculated in advance, with clear
demarcation between construction funded scope and operations scope as discussed in
Section 3.4.1, Components of a Project Execution Plan; Commissioning (Component 15
of the PEP).

Where partnerships are involved, monetary contributions to acquisition and eventual
operations and usage should be timely, sufficient, and well documented in the PEP and
IMP.

Cyber-infrastructure technical requirements and costs (both initial cost and continuing
costs of hardware, software, maintenance, upgrades and operations) should be carefully
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considered and periodically validated. Rapid advances in computing may require
upgrades as often as every 3 to 5 years.

e Cost of evolving technologies should be considered as part of budget development and
through acquisition planning. For example, it may be appropriate to include higher
allowances in the BOE, or higher impacts as part of the budget contingency
development, and plan for procurement late in the construction stage.
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Figure 4.2.3-2  Construction Cost Book Sheet Sample Format
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4.2.4 Additional Guidance for Operations Estimates

4.2.4.1 Purpose and Process

In addition to the specialized scientific expertise required for operations, award solicitations can
also include expectations for estimating budgets, business systems, and operational and
financial reports. As discussed in the NSF PAPPG, individual solicitations, and Sections 2.5, 4.2.1,
and 4.2.2, these systems and reports help ensure the science mission can be met in a cost
effective way.

NSF utilizes internal staff, outside experts, and panel reviews to ensure cost estimates and
budgets meet expectations, incorporate relevant GAO Cost and Schedule Guide best practices,
and are allowable, allocable, and reasonable. The NSF Cost Analysis document is used as an
award decision tool that captures all the cost analysis work, technical reviews, audits, etc. for
cost analysis as part of its oversight and assurance roles. It is incumbent on NSF to plan and
budget for effective research and educational use of facilities, as well as the costs to operate
and maintain the facility long term. It is incumbent upon the Recipient to ensure their
operations proposal is well-documented, accurate, comprehensive, and credible.

Operating budgets should include, when appropriate, resources to provide a continuing
program of advanced research and development (R&D) that will enable a facility to evolve its
scientific program and best meet the needs of the research community. Funding for these kinds
of up-grades may also come from separate equipment and/or instrumentation programs within
the Directorate or Division.

4.2.4.2 Operations Awards Proposals — Overview

In addition to the guidance for Annual Work Plans described in Section 2.5.1 of this Guide and
Proposals for Operations and Management described in Section 3.5, additional information may
be requested by the PO or via the operations and management award solicitation. Recipients
should consult with the PO and G/AO or CO as necessary to identify any other specific cost
reports and content required to support the review.

e Periodic plans that may include an executive summary, narrative overview, strategic and
annual objectives correlated to NSF mission needs, and an annual operating budget
focusing on any significant changes from previous plans. Plans may also include
expected scope, milestones, outcomes and impacts, developments, challenges and
opportunities, as necessary.

e Explanation of how program costs within functional areas are coded or otherwise
related to the NSF Budget Categories depicted in Figure 4.2.2-2 and Section 4.2.2.4
above.

e Other reports, such as annual cost by resource types (subcontract, labor, materials,
travel), cost profiles (total, labor, non-labor, by sub-element), and personnel profiles
(Full-time-equivalents by sub-element).
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4.2.4.3 Operations Awards Proposals — Format

As discussed in Section 4.2.2.7, there are numerous benefits of standardizing the framework for
accomplishing operational goals with a Work Breakdown Structure (WBS). An operational WBS
may be functional, activity, and/or deliverable based, depending upon the type of work, but the
amount of scope assigned to Level of Effort tasks should be minimized for better tracking of
spending against budget and tracking of accomplishments against plan. An example of a
hierarchical WBS for an operations award is provided in Figure 4.2.4-1 below. The intent is to
provide a standard format to the extent feasible with the vast array of different facility types
while noting that additions and/or alterations to this list are likely, due to the unique nature of
each specific facility. The level of detail contained in the cost reports may vary depending on
Programmatic management requirements and cost analysis effort.
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Figure 4.2.4-1 Operations WBS and Budget Sample Format

1.0 Project Director, Management, and Administration Office
1.1 Director’s Office
1.2 Project Management Office
1.3 Site Office
1.4 Education and Public Outreach
1.5 Safety and Environmental Assurance
1.6 Administrative Services
2.0 Science Operations
2.1 Research Planning
2.2 Experimental and Operations Support
2.3 Data Analysis
2.4 Calibrations and Data Quality
2.5 Special Projects
3.0 Significant/Important Infrastructure Modernization, Overhaul, Upgrade, Replacement,
Expansion
3.1 Equipment
3.2 Facilities/Infrastructure
3.3 Computer Systems, Instrumentation
4.0 Facility and Equipment Operations, Maintenance, Engineering, and Support Services
4.1 Operations
4.1.1 Scheduling
4.1.2 Operating
4.1.3 Testing
4.2 Maintenance
4.2.1 Corrective Maintenance
4.2.2 Preventive Maintenance
4.3 Utilities
4.3.1 Energy (e.g., electricity, natural gas, central heating, central cooling)
4.3.2 Information Technology, Communications, Cyber-Security
4.3.3 Security
4.3.4 Water
4.4 Other/General Support Services
5.0 Contingency (If justified, and supported by appropriate risk analysis and management)
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4.2.4.4 Operations Awards Proposals — Detail

This section discusses additional detailed information, as follows, typically needed for a high-
quality Recipient estimate and NSF cost analysis. This information is intended to supplement
the standard GAO best practices and guidance in the PAPPG. The guidance should improve
execution, clarify NSF expectations, assist Recipients, facilitate NSF review with fewer iterative
resubmissions, and prevent recurrent issues. For existing awards, the Recipient should consult
with the PO.

e When power costs are significant and volatile, a strategy for dealing with price
fluctuation should be developed as part of the operations plan. Other examples of items
that may require separate consideration are expendables — such as cryogens, gases and
spare parts —and ancillary equipment such as refrigerators and IT equipment.

e Separate funding sources and revenue streams (e.g., visitor center fees) should be
clearly delineated.

e Education and Public Outreach costs should be explicitly identified and explained.

e Multiyear budgets should take inflation into account, using factors discussed in Section
4.2.2.6 above.

Contingency, if requested, must be in compliance with Section 4.2.6 of this Guide.
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4.2.5 Budget Contingency Planning for the Construction Stage

4.2.5.1 NSF Policy Positions

1. “Management reserve” is not allowable in the Recipient’s portion of the risk-adjusted
Total Project Cost (TPC) estimate; only “contingency.” Management Reserve (if
authorized) is held by NSF.

2. Directorates must be responsible for the first 10% of cost overruns which exceed the
Board authorized TPC, or some portion of the NSF-held management reserve (if needed
and included in the authorized TPC) as determined by the Director.

3. At the Preliminary Design Review (PDR), projects must have a time-phased, prioritized
de-scoping options that equates to at least 10% of the baseline scope budget.

4. In support of NSF’s “No Cost Overrun” policy, projects must use a confidence level for
contingency estimates between 70 and 90 percent (under a probabilistic approach)
based on the particulars of the project and the inherent ability to de-scope.

5. NSF will hold budget contingency through project completion, in an amount up to 100%
of the total NSF-approved contingency budget, until it can be justified for obligation.

6. Although the initial TPC becomes public (i.e. through the budget request) after PDR, the
TPC under the “No Cost Overrun” policy is set at award (post-FDR) to allow for
refinement during the Final Design Phase.

7. Engagement with the National Science Board (NSB) on any cost overruns is based, in
part, on their delegation order for award supplements.

4.2.5.2 Introduction

The intent of NSF’s “No Cost Overrun” policy (see Section 1.4) is to instill diligence and rigor in
establishing the TPC and giving NSF a strong oversight position. Mechanisms for offsetting
potential cost increases are described herein and include, in order of precedence and assuming
appropriate use in accordance with NSF policy and practice:

1. Re-planning

2. Use of contingency

3. Use of management reserve (if authorized)

4. De-scoping if science/cost trade study determines that science loss is acceptable

5. Request NSB authorization to increase TPC if science loss due to available de-scope

options is not acceptable

“Contingency” is a critical component of the comprehensive planning and execution of the
construction of major research facilities. This document describes the policies and procedures
concerning the planning, use, and oversight of budget contingency in the construction of
facilities fully funded by NSF and to the NSF-funded component of the scope when NSF partners
with other entities. It also describes the NSF’s process for assessing the sufficiency of
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contingency, evaluating the effectiveness of management plans used for administration of
contingency, and NSF’s oversight role in the use of contingency funds.

For all assistance awards with academic institutions and non-profit organizations, contingency
is held by the Recipient in accordance with the Uniform Guidance (§ 200.433).

Federal Acquisition Regulation (FAR) governs the planning, use and oversight of contingency for
contracts with commercial organizations. Regardless of where contingency is held, the
requirement for a well substantiated risk assessment and contingency estimate, as well as a
robust oversight and administration is essential. Estimating contingency and managing risk is an
integral part of the project planning and execution process. NSF positions on contingency,
management reserve and de-scoping must be considered by the Program and the Recipient as
part of that process. Although strategies for other types of contingency are mentioned here,
this document is only intended to address management of the budget contingency.

The definition of contingency varies widely among project management practitioners and
federal agencies. For NSF,! budget contingency covers the “known unknowns” and is used to
mitigate identified cost or schedule risks as described in the Project Execution Plan? (PEP). The
estimated risk-adjusted TPC, as defined in Section 9 of this Guide, is developed in accordance
with the GAO Cost Estimating and Assessment Guide,? as explained elsewhere in this Guide.
OMB’s cost principles in the Uniform Guidance address budget contingency, and define it as:

... that part of a budget estimate of future costs (typically of large construction projects,
IT systems, or other items as approved by the Federal awarding agency) which is
associated with possible events or conditions arising from causes the precise outcome of
which is indeterminable at the time of estimate, and that experience shows will likely
result, in aggregate, in additional costs for the approved activity or project. Amounts for
major project scope changes, unforeseen risks, or extraordinary events may