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PREFACE

ABOUT THIS ANALYSIS

The federal government manages and operates several large-scale
research facilities of various types. The purpose of this study is to
help the Office of Science and Technology Policy (OSTP) of the
Executive Office of the President examine the issues surrounding the
planning, operation, and management of selected large scientific
facilities and to identify key areas in need of oversight or coordina-
tion by OSTP through the National Science and Technology Council
(NSTC). In consultation with OSTP, a Science and Technology Policy
Institute research team at RAND identified and studied several re-
cent reports on the planning and management of such facilities. The
ultimate aim of this work was to identify lessons that would be of
value to the federal government as it builds, manages, and retires
these facilities in the future. This RAND report summarizes each of
the reviewed reports and synthesizes their key findings and recom-
mendations.

This report should be of interest to those involved with the manage-
ment or oversight of large federal research facilities and to scientists
and technical staff who use these facilities for research.

A logical next step would be to conduct an analysis of the policies
governing the development, operations, and maintenance of the
collective large-scale federal scientific facilities, which constitute a
significant portion of the federal scientific base. Although such an
analysis is beyond the scope of this study, it could yield valuable in-
sights into the conduct and potential of federally supported science
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and technology efforts and lead to significant improvements in those
efforts.

ABOUT THE SCIENCE AND TECHNOLOGY POLICY
INSTITUTE

Originally created by Congress in 1991 as the Critical Technologies
Institute and renamed in 1998, the Science and Technology Policy
Institute is a federally funded research and development center
sponsored by the National Science Foundation and managed by
RAND. The Institute’s mission is to help improve public policy by
conducting objective, independent research and analysis on policy
issues that involve science and technology. To this end, the Institute

• supports OSTP and other Executive Branch agencies, offices, and
councils

• helps science and technology decisionmakers understand the
likely consequences of their decisions and choose among alter-
native policies

• helps improve understanding in both the public and private
sectors of the ways in which science and technology can better
serve national objectives.

In carrying out its mission, the Institute consults broadly with repre-
sentatives from private industry, institutions of higher education,
and other nonprofit institutions.

Inquiries regarding the Science and Technology Policy Institute may
be directed to:

Helga Rippen
Director
RAND Science and Technology Policy Institute
1200 South Hayes Street
Arlington, VA 22202-5050
Phone: (703) 413-1100 X5574
e-mail: stpi@rand.org
Web: http://www.rand.org/scitech/stpi
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SUMMARY

Funding and maintaining infrastructure to support the conduct of
science have long been central components of federal research and
development policy. In particular, the federal government manages
and operates several large-scale research facilities of various types
that enable scientific inquiry in a range of fields in which the United
States seeks to retain global leadership, including high-energy
physics, astronomy, and, increasingly, the life sciences.

These facilities pose complex management challenges throughout
their life cycles, from initial planning for their creation, through
operation and upgrades, to retirement and environmental cleanup.
Constructing such facilities requires extensive planning and
foresight. Program and facility managers frequently have to adapt to
changes in the scientific fields they support, changes in their user
communities, and changes in the policy and funding environments
in which they compete for resources.

STUDY PURPOSE AND SCOPE

The purpose of this study is to help the Office of Science and
Technology Policy (OSTP) examine the issues surrounding the plan-
ning, operation, and management of selected large scientific facili-
ties and to identify key areas in need of oversight or coordination by
OSTP through the National Science and Technology Council
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(NSTC).1 Our ultimate aim was to identify lessons that would be of
value to the federal government as it builds, manages, and retires
these facilities in the future.

To identify these lessons, RAND’s Science and Technology Policy
Institute (S&TPI) examined 20 reports on studies of, or related doc-
uments about, major science facilities and drew conclusions based
on the findings and recommendations of the expert panels that pro-
duced this collection of documents.2 The material presented here
represents S&TPI’s synthesis of the findings and recommendations
in those reviewed documents. This report distills from those 20 re-
viewed documents lessons learned about the following issues of par-
ticular interest to OSTP and makes recommendations to the extent
that they are supported by the documents RAND reviewed:3

• Issues regarding facility management effectiveness and effi-
ciency

• Issues regarding accessibility of facilities to scientists

• Issues that affect the quantity and quality of scientific output

• Workforce (both technical and managerial) issues

• Issues of facility life-cycle management, including facility

– planning and construction

– instrumentation

– modernization and modification

– shutdown or retirement.

These topics clearly are not mutually exclusive and were not uni-
formly addressed in the reviewed reports. Most reports focused on
operations, management, and upgrades for existing facilities, and

______________ 
1This report was limited to facilities owned, operated, or funded by the federal gov-
ernment. No generalization to private-sector scientific facilities is implied by the find-
ings in this report.
2This collection of reports is not comprehensive, but rather is a sampling of reports
that focused on certain types of large scientific facilities.
3We explicitly addressed these items when writing the “Findings and Recommenda-
tions” sections of Chapters Three through Twenty.



Summary xiii

paid scant attention to the retirement of facilities and only slightly
more attention to facilities planning and construction.

The scope of this project, as well as time and resource constraints,
did not permit a comprehensive review of reports on all types of large
scientific facilities. In particular, reports on classified facilities (e.g.,
those that produce materials for nuclear weapons) and some types of
high-energy physics facilities (e.g., particle accelerators) were not
included in this review.4 In fact, the reports on Department of Energy
(DOE) facilities were limited to those run by the DOE Office of
Science.

SYNTHESIS OF THE REVIEWED REPORTS’ FINDINGS AND
RECOMMENDATIONS

The following general observations should be helpful in understand-
ing the issues surrounding the planning, funding, management, and
operation of large scientific facilities.

Facility Missions

• U.S. facilities are generally specialized, with little overlap in their
capabilities and missions. The reports we reviewed contained no
call for closing facilities to remove redundancy or for any other
reason. The panels that prepared the reports generally found that
each facility is contributing in its own way to science.

• There is a great deal of overlap and competition between U.S.
and international facilities in the areas of neutron scattering and
synchrotron sources. National prestige and scientific leadership
were cited as reasons for upgrading existing U.S. federal facilities
or building new ones, but technical capability and timely and
convenient access by a growing user community are also of great

______________ 
4However, a discussion of these facilities was included in a General Accounting Office
(GAO) report to the Chairman of the Committee on Governmental Affairs of the U.S.
Senate entitled Department of Energy: Opportunity to Improve Management of Major
System Acquisitions, which is reviewed in Chapter Three of this report. Other reports
covering these specific types of facilities, individually or as a group, were not otherwise
reviewed due to budget and time restrictions.
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importance to the continued evolution of multi-user, multi-
program facilities.

• Although U.S. facilities are specialized, many of them are devel-
oping a broader, multi-purpose, diverse, and even interdisci-
plinary research program due to developments in the life sci-
ences in particular. Facilities that had once been the exclusive
domain of physicists and material scientists now have much
broader user communities.

 Access and Usage

• The increased breadth and diversity of research programs intro-
duce increased difficulty in allocating access to facilities in a
manner that seems equitable to all users. For example, prioritiz-
ing synchrotron beam-time allocation between a materials-
science and a life-science experiment is controversial because it
is difficult to compare their merits across disciplines.

• Maintenance, staffing, and instrumentation decisions have
strongly affected, and in many cases limited, facilities usage. It is
important to note that these decisions represent deliberate
choices in which trade-offs have been made—e.g., to defer main-
tenance, to decrease support staff, or to not instrument beam-
lines in order to reduce funding requirements.

Adapting to Change

• The life expectancy of facilities can be extended significantly
through doing facility upgrades, developing broader research
programs, and conducting low-cost improvements and robust
maintenance.

• The long time frames and uncertainty in building new facilities
are often mentioned as justification for shorter-term upgrades,
low-cost improvements, and maintenance funding.

• Discoveries motivate new research and experiments, which in
turn require new instrumentation or facility capabilities. Asser-
tions that U.S. science requires the building of new facilities need
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to be weighed against the gains that can be realized through
facility upgrades and other such changes.

ASSESSMENT ISSUES

The panels that produced these reports used a wide range of
methodologies and approaches to reach their conclusions. In par-
ticular, some panels primarily reviewed documents, while others so-
licited expert input or visited facilities. Also, the degree of internal
user-group input varied compared with the degree of input from ex-
ternal users or scholars from other fields.

Although the reviewed reports covered many different facilities of
several types, they contain a surprising number of common concerns
and suggestions. In particular, the General Accounting Office (GAO)
report to the Chairman of the Committee on Governmental Affairs of
the U.S. Senate on DOE major systems acquisitions (discussed in
Chapter Three)5 and the Cooperative Stewardship report6 (discussed
in Chapter Five) contain excellent summations of issues and solu-
tions that cover a wide variety of facilities.

In the following sections, we address OSTP’s specific concerns (as
listed earlier under “Study Purpose and Scope”) regarding the fund-
ing and management of federal science facilities.

MANAGEMENT OF ONGOING OPERATIONS

This section addresses management efficiency and effectiveness,
workforce issues, scientific access to experimental stations within
these facilities, and maximizing scientific output. It includes key
findings and recommendations gleaned from the reviewed reports
and synthesized by the S&TPI research team.

______________ 
5General Accounting Office, Department of Energy; Opportunity to Improve Manage-
ment of Major System Acquisitions, Washington, D.C.: GAO, GAO/RCED-97-17, 1996
(available at http://www.science.doe.gov/SC-80/sc-81/PDF/rc97017.pdf).
6Committee on Developing a Federal Materials Facilities Strategy, Cooperative
Stewardship: Managing the Nation’s Multidisciplinary User Facilities for Research with
Synchrotron Radiation, Neutrons, and High Magnetic Fields, Washington, D.C.:
National Academy Press, 1999 (available at http://books.nap.edu/html/cooperative_
stewardship).
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Important to the understanding of the discussion that follows is the
fact that many large scientific facilities work concurrently in two
modes—operating the overall facility and operating the experimental
stations within the facility. The first mode involves the core opera-
tions, maintenance, and modernization of the facility, including the
provision of some level of technical assistance to the experimental
stations, whereas the second mode typically includes the develop-
ment, installation, use, and upgrade of the instruments needed to
conduct experiments.

Personnel Issues

Personnel issues concerning both the numbers and quality of man-
agerial and technical staff are sufficiently similar across federal gov-
ernment agencies with large scientific facilities to warrant attention
from the Executive Office of the President. This is not a high-visibility
issue, but it has the potential to negatively affect scientific produc-
tivity at federal facilities. OSTP, through the NSTC, should monitor
this aspect of the nation’s scientific health on a routine basis using
well-defined goals and metrics.7

Funding

The findings of the Cooperative Stewardship report, which are cov-
ered in Chapter Five, were validated by the other reviewed reports:
(1) A single agency should fund core operations and maintenance
(the “stewardship model”) because relying on multiple agencies to
fund core functions can lead to shortfalls if agency missions change
or if appropriations subcommittees of the Congress disagree on pri-
orities; (2) funding for instrumentation and experimental stations
should come from user groups as well as from the steward agency
and should be coordinated by an interagency body; and (3) OSTP,
through the NSTC, should work with the federal agencies represent-
ing this increasingly diverse user community to ensure adequate
management and funding of instrumentation and experimental sta-

______________ 
7This recommendation is limited to federal government facilities; no assertion is
made about facilities that are not owned, operated, or funded by the government.
Furthermore, the NSTC will need to define the metrics and goals for managing this
issue.
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tions. The Office of Management and Budget should play a key role
in this interagency coordination process.

Access

OSTP, through the NSTC, should coordinate the development of a
streamlined, transparent, and standardized set of legal and adminis-
trative practices and a process for implementing those practices at
federally owned facilities. In doing so, care is needed to make sure
new, nontraditional users become familiar with how access and re-
source allocation decisions are made.

Life-Cycle Planning

In planning for new facilities, particularly unique or first-of-a-kind
facilities, flexibility in expectations for life-cycle costs is necessary.
This is not to say that “anything goes,” but rather that realistic pro-
posals, based on the best cost estimates, must be updated at set peri-
ods by competent management teams. Furthermore, despite long-
term planning for future facilities, capability upgrades and modern-
ization should be explicitly considered in life-cycle planning given
that the reviewed reports clearly indicate that those steps will be
needed.

CONCLUSION: THE NEED FOR GREATER COORDINATION
AND NEXT STEPS

In managing and planning the collective base of large scientific facil-
ities, it is clear that interagency coordination led by an authoritative
body able to convene suitable interagency meetings and set policy is
critical. No single agency has a complete perspective on all ongoing
efforts and plans and can make well-informed objective recommen-
dations on priorities, funding, and other systemic issues. As the en-
tity within the Executive Office of the President charged with coordi-
nating and setting government-wide science and technology policy,
OSTP (through the NSTC) has the potential to bring the disparate
players together to identify and resolve national-level issues.
Therefore, OSTP is the logical candidate to lead this process.
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A document of the scope of this report can explore only a few general
themes and present a few specific recommendations. Nevertheless,
these themes and recommendations, coupled with a robust NSTC
process to oversee and provide guidance to agencies owning large
scientific facilities, should yield significant improvements in the
planning, operation, and management of large U.S. science facilities.

A logical next step would be to conduct an analysis of policies gov-
erning the development, operations, and maintenance of the collec-
tive large-scale federal scientific facilities, which constitute a signifi-
cant portion of the federal scientific base. Although this analysis is
beyond the scope of this study, it could yield valuable insights into
the conduct and potential of federally supported science and tech-
nology efforts and lead to significant improvements in both.
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