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with the Zprivaie sector, universities, and other
agencies.” The one-tenth of FHWA's research
funding going to in-housework accounts for approx-
imately 30 percent of FHWA staff time.

FHWA'’s research has generally favored short-
term R&D aimed at immediate needs in highway
safety, traffic operations, structures, pavements, and
motor carrier safety. The agency plans a greatly
expanded research focus on intelligent vehicle/
highway systems in 1991, giving overdue attention
to R&D aimed at a specific, long-term problem area.

FHWA disseminates information and results of its
investigations to the highway user communities
through technical reports, conferences, seminars,
and other typical technology transfer paths.
FHWA'’s National Highway Institute also offers
in-the-field technical training and education for
Federal, State, and local highway employees. The
Rural Technical Assistance Program, administered
by the National Highway Institute, conducts training
workshops, onsite demonstrations, and other trans-
fer activities, mostly through rural Technology
Transfer Centers.

To further stimulate communication, FHWA de-
veloped the Nationally Coordinated Program
(NCP), a management link between HP&R,
NCHRP, and FHWA staff research programs to
track research activities in the Federal-aid programs
and prevent gaps or overlap. If used effectively, NCP
could help FHWA transfer technology, set priorities
for future Federa research, and allocate R&D
resources accordingly. These issues currently are not
adequately addressed in FHWA's R&D framework.

NCHRP and SHRP are good examples of success-
ful cooperation in both applied R&D and technology
transfer among Federal, State, and local highway
authorities. Although additional technology transfer
programs are badly needed, the most significant
limitation for highway R&D is insufficient funding.
According to a recent AASHTO report, “. . . fund-
ing for research has not kept pace with the growing
needs and opportunities for technological innova-
tion in the transportation industry. Highway research
spending as a share of total highway program
expenditures is currently about 0.2 percent. . .. ’*
Issues detailed in chapter 3 highlight the inadequacy

of presently used technologies; the current under-
investment in highway R&D could lead to wider
gaps between problems and solutions in the future.

Federal Railroad Administration

Most of FRA’s modest research efforts are
conducted with cooperation and cost-sharing from
other research organizations, government agencies,
and private organizations, including AAR, TSC,
DOE, and individua railroads and universities. In
1985, FRA'’s 14-member Office of Research and
Development was placed under the direction of the
associate administrator for safety, giving priority to
safety R&D. Most testing and simulations of track
structures and rail vehicles are carried out at the
Transportation Test Center in Pueblo, Colorado, a
federally constructed facility, leased to and operated
by the Research and Test Department of AAR, under
a contract with FRA. Train handling experiments,
locomotive environmental assessments, and engi-
neer training experiments are performed at FRA’s
Research and Locomotive Evaluator/Simulator in
Chicago, Illinois, which is operated by the Illinois
Institute of Technology Research.

In-house research at the Office of Research and
Development is divided into a number of programs.
The Equipment, Operations, and Hazardous M ateri-
als Program focuses on rail vehicle design and
operations and those aspects of hazardous materials
transportation peculiar to rail. The Track Safety
Program focuses on all aspects of track structure,
railroad bridges, signal and train control systems,
and interaction between the track and vehicle®In
addition, FRA has recently contracted with TSC to
conduct major R&D work on magnetic levitation
technology (see chapter 3), marking anew foray into
high-risk, high-technology R&D.

Urban Mass Transportation Administration

Transit operations are not profitmaking, and in
any case mass transit represents such a small market
that manufacturers have no incentive to undertake
related R&D. This makes the Federal Government
the only entity with any ability to fund mass transit
R&D and take the risks associated with bringing
new products into use. However, UMTA’s R&D
budget has declined dramatically over the last 15

21Robert Kreklau, Federal Highway Admifigyaion (.S, Department of Transportation, unpublished memorandum, June 11, 1990.
ZAmerican Association of State Highway aud Transportation Officials, op. cit., footnote 18, p. ES-11.

‘Federal Railroad Administration, Office of Research and Development 1988 Research and Development Program (Washington DC: August 1988).
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years. Estimated R&D outlays for fiscal year 1990
were $2 million, down from $52.1 million in 1980.%
The entire 1990 budget expenditures were ear-
marked for development of existing mass transit
technologies, including projects on aternative fuels.

Most of UMTA’s budget goes to capita and
operating assistance for State and locally run sys-
tems;*®of the $3.5 billion in assistance awarded in
fiscal year 1989, just under $6 million went to 40
projects under the authority of section 6 for Re-
search, Development, and Demonstration Projects.”
The average grant was for about $150,000, and most
of the grants supported some type of systems
planning or management study. Additionally, al-
most one-third of the money allocated went to two
congressionally mandated studies. Because UMTA
supports very little technical R&D, either in-house
or in the form of grantsto States, very little R&D is
done in this country on mass transit.

University Centers

DOT has a cross-cutting Transportation Research
Centers Program under the authority of the Office of
the Secretary of Transportation. The program sup-
ports 10 university-based centers, 1 in each of the 10
standard Federal regions, and each center has a
consortium-with a total of 68 universities in-
volved. In addition to providing applied R&D for
transportation, the centers aim to build an ‘ esprit de
corps among the center students and encourage a
commitment to careers in transportation.

The centers were authorized by the Surface
Transportation and Uniform Relocation Assistance
Act of 1987 (Public Law 100-17) for “. . . multi-
modal research and training concerning the transpor-
tation of people and goods. " The authorizing
legislation provides Federal funds from the High-
way and Mass Transit Trust Funds and requires
centers to provide dollar-for-dollar matching from
non-Federal sources. Ultimately, these centers are

intended to become self-sustaining through regional
government and industry support. Although $10
million was authorized for each of the fiscal years
1988 through 1991, authority to obligate $5 million
from the Highway Trust Fund was not provided until
1990. As a result, the program received only
one-half of the authorized funds during its first 2
years.

The majority of the projects approved in fiscal
years 1988 and 1989 were systems and policy
analysis;, a few had specific products, such as
training manuals and development of existing ma-
terials and construction technologies, and a few were
demonstration projects. Projects may reflect re-
giona priorities (for example, the University of
Alaska consistently conducts projects on the effects
of extreme cold on structures and materials), but the
program is as concerned with involving talented
students and teachers in transportation research as it
is with getting applicable results. In fact, the
third-year projects will explicitly focus on education
over research. At least two regiona centers have
formed an advanced institute to serve as the focus for
the educational projects, and many will focus on

... a melding of expertise in traffic operations,
demand management, trip generation estimation,
and public-private negotiations . .. ." **

Federal funding for these centers is limited, and
the hopeis that regional and local governments and
industries will provide and even increase funding as
they find the centers valuable. It is not yet clear
whether non-Federal monies will continue to be
forthcoming, though DOT may be able to assist with
some funding beyond the original 1991 deadline.”
Another type of center, FHWA’s Technology Trans-
fer Centers, is managed under the Rural Technical
Assistance Program. These centers, mostly run by
universities, focus on transferring technology devel-
oped at the Federal and State levels to county and
loca managers.

24(.S. Department Of Transportation, Otfice Of the Budget, unpublished documents, February 1990. Figures are not adjusted for inflation.
25y1.5. Department of Transportation, Urban Mass Transportation Adminigration, 1989 Statistical Summaries: Grants Assistance Programs

(Washington, DC: Apr. 15, 1990), p. 4.

2%y.8. Department of Transportation, Urban Mass Transportation AJmis tration, Technical Assistance and Safety Programs: Fiscal Year 1989

Project Directory (Washington DC: January 1990).

Z1Thomas Larson, “Metropolitan Congestion: Towards a Tolerable Accommodation,”’ Transportation Quarterly, October 1988. The Department of
Transportation officials involved in the center’s program cited this article as the quintessence of their program.
28Gracie Carter, Office of the Secretary, U.S. Department Of Transportation, personal communication, Mar. 2, 1990.
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National Institute of Standards
and Technology

From its inception in 1901, NIST, housed in the
Department of Commerce and formerly known as
the National Bureau of Standards, has been a
national laboratory cooperating extensively with
other Federal agencies, universities, and the private
sector. The Ingtitute's primary mission has been to
conduct research leading to setting uniform stand-
ards for American industries, the standards are
typically adopted voluntarily by industry.

Over the years, NIST's work on measurement and
measurement methods has served a wide variety of
clients; for example, the agency is currently working
to develop international standards for the Open
Systems Interconnection Network to overcome
computer interface inconsistencies. Its standards for
construction and materials have had an appreciable
effect on infrastructure technologies, though NIST
tends to be oriented toward manufacturing and
computer networks. The Institute’s spending on
infrastructure research accounts for only 1.6 percent
of NIST’s total budget.”

In the process of setting standards, NIST has
developed impressive in-house research capabili-
ties-the Center for the Utilization of Federal
technology lists 57 laboratories within NIST. One
of the three main NIST laboratories, the National
Engineering Laboratory, includes the Center for
Building Technology (CBT), which develops tech-
nologies for predicting, testing, and measuring the
performance of building materials, components,
systems, and practices, many of which are applicable
to infrastructure. The center has a congressionally
mandated Earthquake Hazard Reduction program,
and performs key research on materials and corro-
sion-protective coatings for steel. CBT has taken a
leadership role in R&D for high-performance con-
crete for both public and private sector components
of the concrete industry, including SHRP, the Corps
of Engineers, and the American Concrete Institute.
In fact, the chief of the Building Material Division
of CBT is on the SHRP Concrete and Structures
Advisory Committee, and the center has devel oped
the impact-echo method for flaw detection in
reinforced concrete and techniques for increasing
concrete strength and durability.

Photo credit: Massport

The Center for Building Technology of the National Institute

of Standards and Technology has developed advanced

methods for detecting flaws in concrete structures such as
those in this runway.

Despite CBT’ s contributions to public works, the
Administration proposed budgets for fiscal years
1984 to 1987 that eiminated CBT, and substantially
cutback funding in fiscal years 1988 to 1990.
Although Congress has restored most of the funding
each year, the center's uncertain existence has
tippled its ability to attract qualified staff to execute
the basic research for which it has been an important
source. CBT has supported itself by doing contract
research, usually applied, for Federal agencies.
Currently, about 60 percent of CBT's $10-million
annual budget comes from these agencies on a
proj ect-by-project basis, with a small amount from
the private sector.

Other NIST research transferable to public works
is conducted in its Materials Science and Engineer-
ing Laboratory, which focuses on nondestructive
evaluation, corrosion, and plastics. The agency also
awards some R&D contracts to individuals at
universities.

“U.S. Congress, Office of Technology Assessment " Construction and M aterials Resear ch and Development for the Nation’s Public Works,” staff
paper of the Science, Education, and Transportation and Energy and Materials Programs, June 1987, pp. 2-15.
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Figure 6-4-National Institute of Standards and Technology Total
Federal Appropriations, 1980-90
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SOURCE: Office of Technology Assessment, 1991, based on Office of Management and Budget data.

Cooperation With Industry

The 1988 Omnibus Trade and Competitiveness
Act directed NIST to develop “. . . fundamental
scientific and engineering research. . . to improve
manufacturing and to assist industry to transfer
important laboratory discoveries into commercial
products.” '* The act called for increased direct
collaboration with industry, through cooperative
research and sharing of NIST's specialized facilities,
and provided authority for Institute laboratories to
enter into contracts and cooperative research at their
discretion. The legislation also established NIST as
a touchstone for other Federal agencies and the
industry and State representatives with whom the
Institute interacts. However, because NIST did not
receive funding at the outset to carry out these
responsibilities, the promise of a new role in Federal
technology management has been largely unfilled.”
The fiscal year 1991 budget brought a 33-percent
increase for NIST (see figure 6-4), more than the
agency requested, which should permit it to move

toward filling its new role. If NIST’s new technol-
ogy transfer and Federal touchstone functions were
broadened to include public works explicitly, State
and local public works officials would benefit.

National Science Foundation

NSF provides substantial funding for R&D in a
number of engineering and science fields, though the
agency itself has no research functions. NSF esti-
mates that it will provide $1.7 billion to support
proposals, awards, and individuals in universities
and colleges to stimulate academic research in 1991.
Its commitment to industry research will be much
smaller-$1 17 million.*In contrast to the general
decline in Federal R&D budgets, NSF's R&D
expenditures increased steadily throughout the
1980s.”

Although none of NSF's programs is specifically
devoted to infrastructure research, support work
sponsored by the Directorate for Engineering, which
has fared well in recent years, is relevant. The

30Public Law 100-418.

31Jeffrey Mervis, ' Science Hopes Bush’s Proposals Survive Upcoming Budget Battle,” The Scientist, vol. 4, No. 5, Mar. 5, 1990, p. 12.
32American ASsociation for the Advancement of Science, Op. Cit., footnote 4, p. 79.

*1hid., p. 47.
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Mechanical and Structural Systems Division of the
Directorate seeks to improve and expand basic
engineering knowledge in structures and materials
engineering. Research is directed toward creating
new technologies in areas that have possible infra-
structure uses, such as the processing of new
engineering materials and the more efficient con-
struction of large-scale structures. Specia care is
being focused on examining and understanding the
science and technology of the deterioration of
constructed facilities and actions that can be taken to
diagnose, repair, retrofit, and enhance the perform-
ance of existing structures. These efforts can be
directly beneficia for public works infrastructure.

In addition to grants to universities, NSF has
several programs aimed at education, including the
Science and Engineering Education program, and
supports individual fellowships, such as the Presi-
dential Young Investigator awards. The award
serves to help universities and colleges attract young
engineering faculty to academic careers where they
can do research on subjects of importance to the
Nation.

NSF Centers Programs

In addition to granting fellowships and awarding
individual research contracts, NSF has pioneered
research ‘‘centers of excellence,” which do not
necessarily target advanced, complex technologies.
Instead the centers tend to encourage innovative and
interdisciplinary research on developing and adapt-
ing existing technologies, and public works may be
best served by this emphasis. They have the addi-
tional charge to educate a new generation of
scientists and engineers. Center grants may be used
to acquire equipment and reference materials, both
of which have become extremely costly for universi-
ties.

The 1980 Stevenson-Wydler Act authorized NSF
to form cooperative research centers based on an
earlier experimental program, with the aim of
promoting innovative and interdisciplinary research.
The Industry/University Cooperative Research
(I/UCR) Centers Program, begun in 1981, is the
prototype centers of excellence program for Federal
agencies. At the end of fiscal year 1988, there were

40 centers, of which 10 were sdlf-supporting. NSF
hopes that all the centers will become self-
supporting after 5 years of operation. Although the
40 centers all do research that can have infrastructure
applications, noneis specifically or solely geared
toward infrastructure.

Earlier collaborative experiments taught NSF that
multidisciplinary, university-based research done in
tandem with an R& D-based industry was a success-
ful coupling for innovative applied research. The
industry and university efforts can temper each
other; theindustry ensures that projects do not get
too esoteric and can provide funding, especially for
the important developmental phases. The academic
framework ensuresan array of multidisciplinary
appr oaches and skilled personnel, some of whom
industry may recruit, and each can offer the other
specialized equipment.

In fiscal year 1988, NSF support for I/UCR
centers leveled at $3 million, while industry and
State support totaled approximately $40 million.
The substantial industry support gives these centers
aregional focus.” NSF citestheindustry commit-
ment as evidence of the success of the program,
contending that the private sector would not consist-
ently commit substantial resources without demon-
strable benefits.

The Engineering Resear ch CentersProgram is
specifically aimed at education and training rather
than at regional industry-university cooperation.
However, the centerswill emphasize applied sys-
tems research and are expected to make their
research available and attractive to industry, as a
substantial portion of their operating budget (from 9
to 61 percent)*must be supplied by the private
sector. Although each of the 19 centers is scheduled
to receive $2 million annually from NSF, they are
actually receiving from $300,000 to $1 million less
than expected, limiting the stability and scope of the
projects.”

Established in fiscal year 1989, the Science and
Technology Centers (STC) program has 11 centers,
with total funding of $47.5 million in fiscal year
1990, and plansfor as many as 14 new centers. Made
up of consortia that usually include a Federal

3 American Association for the Advancement of Science, op. cit., footnote 3, p. 52.
35U.S. Congress, Office of Technology Assessment, Making Things Better: Competing in Manufacturing, OTA-ITE-443 (Washington, DC: U.S.

Government Printing Office, February 1990), p. 195.
361bid., p. 197.
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laboratory, the STCs are expected to undertake
significant basic research on particular topics more
effectively and efficiently than the participants
could achieve as individual investigators. For exam-
ple, the Center for Advanced Cement-Based Materi-
as at Northwestern University, the STC most
relevant to infrastructure technologies, includes
NIST’s Center for Building Technology as a mem-
ber of its consortium. Like the Engineering Research
Centers, STCs are expected to focus on technology
transfer between universities and industries and the
multidisciplinary education of engineering students.

Department of the Interior

Each bureau of the Department of the Interior
funds and manages its own R&D in support of its
objectives; severa bureaus contribute research rele-
vant to infrastructure technologies. The Bureau of
Mines, the Bureau of Reclamation, and the U.S.
Geological Survey each conduct infrastructure re-
search and award single-investigator contracts to
universities. The bureaus meet (usually in pairs), as
frequently as bimonthly, to coordinate among them-
selves and sometimes with related agencies on
research of mutual interest.”

The Bureau of Reclamation has historically
funded research related to water supply, treatment,
conservation, and affilliated materials and sensors.
Projects cover water quality, dam safety and mainte-
nance, and all aspects of water supply systems; and
much of the research, especially that in materials, is
relevant to other sectors of infrastructure. The
Bureau's R&D budget, $6.3 million in 1986, de-
clined to $3.4 million by 1989, partly due to the
agency’s shift away from new construction (see
chapter 2). The R&D budget is expected to grow
again as the agency changes emphasis to water
conservation and management. Research directly
related to infrastructure is currently funded at $2
million.”

Since 1910, the Bureau of Mines has been
researching materials, work which now includes
plastics for piping. Much of the Bureau’'s materials
research is relevant to public works and is done in

cooperation with other Federal agencies; joint tests
with FHWA of polymerized, sulfur concrete roads
are one example. In addition, the Bureau conducts
some research for EPA regulations related to min-
ing, and works with universities and private indus-
tries. The agency’s overall R&D budget in 1987 was
about $88 million.”

The U.S. Geological Survey has three R&D
divisions, the Geologic Division, the Mapping
Division, and the Water Resources Division, al
data-collecting offices for evaluating national natu-
ral resources. Research in mineras, energy and
marine uses, geological mapping, climate, and
hazards such as earthquakes and volcanoes is
undertaken by the Geologic Division. Geological
mapping research leads to maps of subsurface areas,
which are useful in siting landfills, toxic waste
dumps, and other underground infrastructure. The
Mapping Division concentrates on topographic
maps and researches aspects of the Global Position-
ing System and the Geographic Information System,
which have wide applications for public works (see
chapter 5). A lead Federal water resources research
agency, the Water Resources Division, collaborates
extensively with EPA, the Corps of Engineers, DOT,
the Department of Agriculture, and the Bureau of
Reclamation. The central division laboratories focus
on basic research and data collection, and district
offices conduct applied research in collaboration
with States and local governments on a cost-shared
basis. The Water Resources Division also manages
a congressionally mandated program supporting a
water resources research institute located at univer-
sities in each State.

DoD and DOE Laboratories

R&D that is potentially applicable to public works
is conducted at a number of national-level Federal
laboratories that have no infrastructure-related mis-
sion. The Department of Commerce's Center for the
Utilization of Federal Technology lists over 900
laboratories fitting the general description of a
Federal laboratory.” Within this category, 36 labo-
ratories are “national laboratories,” or government

37TRoger Wolff, Water Resources Division, U.S. Geological Survey, personal communication, May 18, 1990.
3D, King, Bureau of Reclamation, U.S, Department of the Interior, unpublished memorandum, May 21, 1990.

39Tbid.
“4ONational Science Foundation, op. cit., footnote 14.

41Center for Utilization Of Federal Technology, Federal Laboratory and Technology Resources (Washington DC: U.S. Department of Commerce,

1986).
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owned contractor operated (GOCOs) laboratories.”
Of the $60 billion that the Federal Government
contributes annually to R&D, $20 billion goes to
these facilities.” Although most of the national
laboratories are sponsored by DOE, which supports
20 laboratories, and DoD, which funds 10, 5 other
government agencies sponsor GOCOs, including the
Department of Agriculture and NASA.

The predominant missions of DOE and DoD
national laboratories are defense, energy, and related
environmental research. Basic research at DOE and
DoD has been concentrated in the national weapons-
producing laboratories, which have traditionally
received the majority of Federal research dollars.
Although much of the weapons research at these
laboratoriesis not relevant to or istoo sophisticated
for public works, some work can be transferred to
infrastructure. However, DOE and DoD are new-
comers to formal technology transfer, since com-
mercialization is not vital to and may compromise
their primary missions.” The transfer that does
occur is usualy tailored to fit commercial, for-profit
development and is managed by an Office of
Research and Technology Assessment located at
each laboratory and by DoD’s Defense Advanced
Research Projects Agency.

Formal Technology Transfer

Of the 20 DOE national laboratories, 11 histori-
cally have been defined as specialized, “single
program” facilities, such as the Fermi laboratory
accelerator; these are unlikely to explore public
works applications.” However, five of DOE’'s
multiple agenda or multiprogram laboratories—
Argonne, Brookhaven, Lawrence Berkeley, Oak
Ridge, and Pacific Northwest-focus on energy
research. Each has produced technologies that can
be applied to infrastructure, and in some cases, have
helped technology make the leap to civilian use. The
Pacific Northwest Laboratory has identified 14
technologies developed at these laboratories that are
currently ready for commercial public works appli-
cation. Argonne National Laboratory has developed

an acoustic leak sensor that could be commercially
available to water utilities sometime this year.”

The development of the acoustic leak detector’
typifies the potential for technology transfer from a
national laboratory to public works. The researcher
working on the acoustic sensor at Argonne was told
of a utility company interested in developing the
technology and contacted the utility to discuss the
technical aspects of the project. After Argonne
submitted a formal technical proposal to which the
utility agreed, lawyers for both parties began to
debate the terms. After the lawyers developed a
contract, the utility sent Argonne a check. Now that
the technology is ready, implementing the sensor
and contracting with a manufacturing firm to pro-
duce it are entirely up to the utility, because of the
proprietary rights guaranteed it as the sponsor.

Despite some success stories, the process of
negotiating an agreement to develop a technology
takes 1 to 2 years, mostly because of legal complex-
ities,” and a 2-year delay in technological innova-
tion can be significant. National laboratories work-
ing to transfer technology must resolve difficult
problems, such as who owns the technology. Ques-
tions about proprietary rights, patents, and copy-
rights have the potential to block successful transfer
to the civilian sector; at a minimum these are
significant disincentives for public-private coopera-
tion.

University Collaboration

DOE and DoD collaborate extensively with
university researchers, mostly through mission-
specific contracts, but also through centers of
excellence and sharing of facilities. In addition to
individual contracts, DOE supports the Oak Ridge
Associated Universities, a consortium of 49 aca-
demic institutions, which serves as a link between
the agency and U.S. universities. The Ames labora-
tory for physical, materials, and chemical science
has a cooperative program with lowa State Univer-

42J.S. General Accounting Office, Competition: Information on Federally Funded Research and Development Centers (Washington, DC:U.S.

Government Printing Office, May 1988), p. 1.

43Robert Weissler, senior analyst, Mice of Technology Assessment, from an unpublished document, Mm. 21,1990.

440ffice of Technology Assessment, Op. Cit., footnote 35, p. 185.

45Rick Cheston, U.S. General Accounting Office, personal communication Mar. 21.1990.
46§ W. Currie et al., Battelle Pacific Northwest Laboratory, “A Prototype Catalogue: DOE National Laboratory Technologies for Infrastructure

Modermization,’’” OTA contractor report, January 1990, record 27.01.

47David Kupperman, Argonne National Laboratory, personal communication, Mar. 23,1990.
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While national laboratorles, such as the Depariment of Energy's Argonne National Laboratory, usually focus on advanced
technologies, Argonne developed an acoustic leak datector that could be used by water utilities.

mo Al PN el

sity, which includes sharing of facilities and person- large and expensive instrumentation-too expen-
nel. sive for a single investigator-and to support several

DoD funds about $500 million in basic research hundred graduate fellowships every year.
and $250 million in applied research for single
investigators at universities and colleges. The inves- There are between 80 and 100 block research
tigator awards are proposed in response to generagrants under the URI program. These awards are
solicitations, and the agency currently maintains modeled after a discontinued “Army Centers of
between 7,000 and 8,000 of these contracts. Al-Excellence” program. The Massachusetts Institute
though many of the projects could be relevant to of Technology (MIT) and the University of lllinois,
infrastructure,”dissemination of R&D is the univer-  Urbana, have been able to use their URI grants,
sity’s responsibility, and sharing information is awarded and administered by the Army Research
I|ke|y to be difficult because of the institutional Office’ as hubs for centers of construction technol-
barriers between the military and civilian sectors. ogy, and both centers have strong infrastructure-

DoD’s University Research Initiatives Program related programs. The University of lllinois also
(URI) has provided approximately $100 million to cooperates with the Army Corps of Engineers
date for grants to “block research’ teams. These areConstruction Engineering Research Laboratory,
not considered ‘“research centers, ’ primarily be- which is located nearby. Over the 5 years of its URI
cause the term implies continuous support over agrant, MIT has allotted $2 million to research, and
period of time, which DoD is unable to guarantee. the remaining $13 million to equipment and fellow-
Block grants are intended to encourage an interdisci- ships for graduate studeritBecause the construc-
plinary approach and may be used for acquisition oftion industry is fragmented and has few resources for

48Mark Herbst, staff specialist, Department Of Defense, personal communication, Mar.16,'990.

4511, 8. Congress, Office of Technology Assessment, Holding the Edge: Maintaining the Defense Technology Base OTA-ISC-420 (Washington, DC:
U.S. Government Printing Office, April 198%h. 9.

S0Fred Moavanzadeh, professor of civil engineering, Massachusetts InstituTechnolegy, unpublisheanemerandum, Mar. 2, 1990.
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R&D,”the Army Construction Centers are poten-
tially an important resource for technology develop-
ment.

Technology Transfer

Though most Federal agencies have regular chan-
nels of communication with researchers in other
fields and other laboratories, technology transfer
between Federal agencies and from Federal agencies
to industry and public sector entities has generally
been slow and halting. Over the last 10 years,
Congress has attempted to maximize the Federal
R&D investment by centralizing planning and by
giving research at Federal laboratories a cohesive
focus and a relationship to the market. Key legisla-
tion includes the 1980 Stevenson-Wydler Act, the
1986 Federal Technology Transfer Act, the 1988
Omnibus Trade and Competitiveness Act, and the
National Competitiveness Technology Transfer Act
of 1989. Although previous acts in 1970 and 1976
included technology transfer provisions, the Steven-
son-Wydler Act was the first to focus on stimulating
technology transfer and to require collaboration
between Federal laboratories and non-Federal con-
tacts.

The Stevenson-Wydler Act also recognized the
need for a body to coordinate Federal technology
transfer, empowering the Center for Utilization of
Federal Technology (CUFT), in the Department of
Commerce’' s National Technical Information Serv-
ice, to fulfill this role as technology broker. Al-
though CUFT retains some of its functions as a
technology information clearinghouse, the Federal
Technology Transfer Act (Public Law 99-502)
moved many of CUFT’s functions to the Federal
Laboratory Consortium (FLC) in the late 1980s.

Patterned on an earlier DoD Technology Transfer
Laboratory Consortium, FLC has maintained a
database of Federal technologies since 1974.”A
researcher can contact FLC with a need or an
interest, and a database search will identify the
appropriate Federal laboratory contact. At present,
with an annual budget of about $1 million, the
consortium is operated by a small permanent staff
and consists of volunteers from over 300 Federal
laboratories. Though FLC processes a number of

public works inquiries from industries and the public
sector, additional resources would allow it to enlarge
its permanent staff, its database, and its customer
bank, and shorten the response time for an inquiry .53
Most importantly, FLC could actively seek contacts,
one reason the database is underutilized for infra-
structure is that many potential public works cus-
tomers are simply unaware of its existence and its
inexpensive resources.

The Technology Transfer Act amended severa
other provisions of the Stevenson-Wydler Act. One
of the new provisions granted permission for GOCO
facilities to enter into cooperative agreements,
giving the non-Federal partner title to a patent.
Furthermore, the act permits some agenciesto offer
royalties or other cash awards as incentives for
Federal researchers or laboratories participating in
collaboration. The Omnibus Trade and Competi-
tiveness Act was intended to build institutiona
coordination for technology transfer by increasing
each Federal laboratory’s contribution to FLC's
budget and adding programs at NIST. The 1988 act
also established a Clearinghouse for State and |.meal
Initiatives on Productivity, Technology, and Innova
tion, which will be similar to FLC with a focus on
technology and economic development at the State
and local levels. The Clearinghouse currently has an
annual budget of $250,000; the agency’s effective-
ness is likely to be impaired if this support is not
expanded.

The National Competitiveness Technology Trans-
fer Act of 1989 (Public Law 101-189) addressed
three fundamental problems in federally funded
research; bureaucratic rigidity, lack of cooperation
among institutions, and ambiguous missions and
roles of Federal R&D laboratories. One provision
allows GOCOs to make cooperative agreements
with a waiver of the Freedom of Information Act for
a 5-year period, allowing non-Federal sponsors
certain proprietary rights. Other R&D legidlation
during the 1980s concerned tax credits for private
sector firms that increase their R&D funding. While
the effectiveness of the tax credit has been subject to
much debate since its creation in the 1981 Economic
Recovery Tax Act (Public Law 97-34), the credit has
been extended three times beyond its original
lifetime. The most recent extension under the 1989

510ffice of Technology Assessment, op. cit., footnote 29, p. 3-1.

52George F. Lindsteadt, *‘Getting Federal Research to the Grass Roots,” Dimensions, vol. 63, January/February 1979.

$30ffice Of Technology Assessment, Op. Cit., footnote 35, p. 63.
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Omnibus Budget Reconciliation (Public Law 101-

239) provided several key changes in €eligibility that

should enhance the incentive effect of the credit.

Whether or not the credit is effective and should be
permanent is not yet clear.”

R&D legidlation over the last decade was aimed
especialy at pushing the national laboratories to-
ward market-driven agendas and technology trans-
fer.”However, most of the language directs the
national laboratories toward joint research only;
little mention is made of development.” The Federal
Government has concluded that development is
more appropriately accomplished by the private
sector, but has devised few mechanisms to ensure
that development actually occurs. Development for
technologies with public works applications is
crucial and is especialy vulnerable as public proj-
ects often do not promise enough profit to make
large investments attractive to the private sector.”In
addition, legislation has not effectively counteracted
the fragmentation that characterizes activities in
Federal public works agencies and the similar
disaggregation in the related industries.”

While several laws address the need to stimulate
inter-sector collaboration, the combined effects of
the legislation need examination, especialy for their
potential impact on public works R&D. Significant
uncertainty persists over patents, proprietary rights,
copyrights, the threat of antitrust prosecution, and
the effectiveness of the R&D tax credit. Lega
change does not appear to have significantly altered
behavior patterns for either the Federal 1aboratories
or the private sector. In part, this is a result of
targeting the researchers themselves as agents of
change, while still holding them responsible for
producing mission-related research. To effect major
change, technology transfer policies“. . . should be

aimed at the Federal laboratory management level in
order to have a defined level-of-effort set aside for
this purpose.”*

Successful models of transfer include the pro-
grammatic mechanisms in EPA’s Hazardous Sub-
stances Centers, water supply circuit riders (see box
4-E in chapter 4), information clearinghouses and
brokers, and in-kind informal collaboration. DOE’s
relationship with lowa State University is based on
such widely used in-kind exchange; in 1987, about
185 scientific facilities in the national laboratories
were used by 1,623 industry and university partici-
pants.

Extra funding for the Federal |aboratories' reori-
entation toward commercia industry and public
services has not been forthcoming. In addition,
throughout the 1980s, the tension between Congress
and the President and their differing concepts of the
role of federally supported R&D has retarded change
in the Federal laboratories and slowed or eliminated
research not directly related to economic develop-
ment, space, or weapons development. Over the
course of the decade, funding for military R&D
increased 131 percent; civilian funding only 39
percent.

Non-Federal R&D

State Research Programs

Despite many efforts, the current technology
management structure is not very successful in
disseminating the benefits of Federal research to
university, industry, and State interests. Some of
these are instituting programs and policies of their
own to stimulate technological innovation, particu-
larly for public works. NIST has identified 41
State-supported organizations, sustaining 137 tech-

S4David L. Brumbaugh, Economics DiViSion, Congr onal Research Service, “The Research and Expenmentanon Tax Credity” issue brief’ Feb.

7, 1990.

$5Barry Bozeman and Michael Crow, “The Environments of U.S. R&D Laboratories: Political and Market Influences,” Policy Sciences, 1990, p.

29.

S6Wendy H. Schacht, Science Policy Research Division, Congressional Research Service, « Cooperative R&.D: Federal EffortsTo Promote Industrial

Competitiveness," issue brief IB89056, Jan. 22, 1990, p. 7.
57See conclusions to ch. 5.
380ffice of Technology Assessment, Op. Cit., footnote 29.

$*Louis Mosgavero €t al., “Federal Technology Transfer: Critical Perspectives,” State and Local Initiatives on Productivity, Technology, and
Innovation: Enhancing a National Resource for International Competitiveness (Washington, DC: Advisory Commission on Intergovernmental

Relations, May 1990).

6y.S. Congress, Office of Technology Assessment, Industry, Technology, and Employment Program, “Federal Labs,” unpublished paper,

November 1989, p. 7-37.
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nology research centers of excellence with 2,000
private sector firms participating.”

State Programs

Some State universities with engineering schools
have developed multidisciplinary R&D programs,
and several have focused on public works. The
Universities of Cincinnati, Virginia, New Mexico,
Nebraska, and Oklahoma all have infrastructure
research programs within their engineering schools.
Like the NSF centers, these infrastructure centers try
to capture a broad funding base and emphasize
university-industry collaboration and cooperation.
The University of Nebraska Infrastructure Center
has, for example, a5 to 1 ratio of external to center
funding. Severa universities have developed inno-
vative internal structures to maximize the opportuni-
ties for Federal and industry support (see box 6-B).

Although State support for R&D has grown over
63 percent in the last decade, State dollars till
represent less than 1 percent of the total spent on
R&D in the United States.”Instead of heavy direct
funding, States have established networks of support
for regional R&D, often comprised of a cross section
of efforts, involving Federal, State, local, industry,
and university resources. The Ben Franklin Partner-
ship Fund (see box 6-C) in Pennsylvania is a
successful State university-industry R&D program,
which has been described as:

... comprehensive. . . decentralized; it catalyzes
significant private investment . . . the commer-
cialization of research, the transfer of technology
from academia to industry, the generation of risk
capital, the hirth of new firms, and the integration of
advanced technologies into mature industries.”

The Ben Franklin program probably helped to
attract NSF Engineering Centers to Lehigh and
Carnegie-Mellon Universities (Pennsylvania is the
only State with three NSF engineering centers), as
well as other individual Federal grants and projects
at all of the centers. While the Ben Franklin
Partnership is a successful model for collaborative
R&D, it does not focus at al on public works. Three
State goals the program meets, however, are encour-
aging the private sector to use available academic

resources, altering the university approach to R&D,
and activating cooperation among local businesses,
academia, and the government. All of these needs
have potential to pay off for public works, and the
model could be used for a similar program with an
explicit charge to consider public needs.

Industry and Association R&D

A variety of industry and professional associa-
tions have research programs for their areas of
special interest or for market development. The
American Trucking Association sponsors the Truck-
ing Research Ingtitute, and other modal associations,
such as the Air Transport Association and the
Association of American Railroads (AAR), sponsor
similar R&D closely related to member interests.
These associations, especially AAR (see chapter 3),
work with the modal administrations at DOT. Most
of the association-sponsored transportation research
studies are related to policy and safety development,
and are only tangentially connected to infrastructure
or public services.

A few associations are initiating R&D programs
to address areas of research that they consider to be
complementary to or inadequately covered by Fed-
eral programs. Among the new effortsis that of the
American Society of Civil Engineers (ASCE),
which has recently formed a Civil Engineering
Research Foundation focusing on R&D relating to
repair, rehabilitation, and maintenance of public
works. Initially funded by the Foundation at
$500,000, ASCE plans to expand the scope of the
program. The American Water Works Association
also has a small, new research foundation with a
limited budget and plans for future growth.

The Water Pollution Control Federation Research
Foundation, another recently formed organization,
expected a $4 million budget in its second year. The
Foundation is a consortium of 37 subscribing
municipal and industrial wastewater treatment facil-
ities, with 50 municipalities planning to join. Mem-
ber facilities range in size from plants processing
only 9 million gallons daily to those responsible for
more than 1 billion gallons per day. Though the
Foundation works closely with EPA’s Office of

61U.S. Department of Commerce, National Institute of Standards 20d Technology, Promoting Technological Excellence: TheRole of State and Federal

Activities (Washington, DC: U.S. Government Printing Office, 1989), p. 21.

©2National SCieNce Foundation, Research and Development Expenditures of State Government Agencies: Fiscal Years 19&’ and 1988 (Washington,
oc: January 1990), p. 3. Numbers are from 1988 and are adjusted for inflation.
@David Osborne, L aboratoriesof Democracy (Boston, MA: Harvard University Press988), P. 60.
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Box 6-B—University infrastructure Research

Established and successful university centers of excellence programs attract substantial Federal, State, and
private sector support enabling them to build strong, coordinated well-funded R&D programs. With an overdl
research budget of $700 million, the Massachusetts Ingtitute of Technology (MIT) has Environmental Protection
Agency, National Science Foundation (NSF), Department of Transportation (DOT), and Department of Defense
(DaoD) centers of excellence contracts. MIT's Department of Civil Engineering houses several federally funded
programs related to infrastructure, including the DOT University Transportation Center, the NSF Industry/
University Cooperative Research Centers Program for Composites and Polymer Recessing, and the DoD
University Research Initiatives Center for Construction Research and Education. Other major programs, including
aNew England Regiona State Center, a Center for Transportation Studies, an industrial liaison program, and an
academic program, also share faculty and students and sometimes announce solicitations throughout the
department. The Center for Transportation Studies alone had 126 ongoing projects in 1989. The programs cooperate
with one another and with other regional schools, and interdisciplinary research is pursued as a departmenta rule.

Another type of university center, at the University of Cincinnati, is planned to provide leadership in
determinin g cost-effective and reliable solutions to public works maintenance and rehabilitation problems. The
Ohio Infrastructure Ingtitute was established to foster the development of new technology and lead the way in
technology transfer to ensure that innovations are put into practice to maximize the impact of tax dollars spent on
the repair and maintenance of"infrastructure. The Institute hopes to formulate and develop new technologies that
can extend the useful life of public works.

As athird example, the New Mexico Engineering Research Institute, part of the University of New Mexico,
operates the Infrastructure Development Assistance Program (IDAP) for the State of New Mexico. IDAP serves to
strengthen local infrastructure management capabilities through a statewide program of technical assistance,
training, and technology development. Similarly, the Virginia University Transportation Center, a coordinated
research and training program associated with the Virginia Department of Transportation, focuses on intermediate
to long-range transportation problems and issues. Areas of concentration are new technique and technologies for
transportation service, planning and management, and research in new structures and materials. The University of
Nebraska-Lincoln has established a Center for Infrastructure Research with the goal of using research to improve
the economic potential and quality of life for the people of Nebraska, the Nation, and the global community. The
center’s research agenda is ** market driven,” which means that the priorities and scope of the projects flow from
users-those who design, build, operate, maintain, and regulate infrastructure--to researchers. This results in the
development of technologies and systems that can be transferred rapidly into use.

'Robert Weissler, senior analyst Industry, Technology, and Employment Program, Office of Technology assessment, personal
communication May 21, 1990.

Municipal Pollution Contral, it is addressing R&D
issues that EPA often does not address, such as
municipal and wastewater treatment, residuals man-
agement, and water quality effects. Through work-
shops and forums, the subscribers themselves set the
research agenda, and the Foundation’s level of
support indicates the high level of interest, espe-
cialy in municipalities, for such operations-oriented
R&D.

The American Public Works Association has a
small, longstanding research foundation that exe-
cutes a variety of studies in cooperation with local
governments, and sometimes with States or Federal
agencies. These studies are generally intended to
transfer technology and information to loca govern-
mental clients.

Conclusions and Options

Public works providers need ongoing R&D pro-
grams to identify new technologies that can help
meet changing public service needs. Despite this,
relevant R& D programs are generally underfunded,
scattered, and directed at diverse, specific program
objectives. Thus Federa and other public works
agencies are ill prepared to address future needs and
systems problems, such as those that cross transpor-
tation modes or environmental media categories.
Given the likelihood of continued governmental
budget austerity, the outlook for public works-
related R&D is bleak, unless a way can be found to
capitalize on the extensive individual efforts to
benefit public infrastructure.
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Box 6-C--Ben Franklin Partnerships

In the early 1980s, as the steel and coal industrieswindled and the economy becameincreasely depressed,
Pennsylvania was searching for industriarevival. The Pennsylvania General Assembly created the Ben Franklin
Partnership Fund in 1982 and continues to support the effort, appropriating $28 million for fiscal year 1990-91."
The State's aim is to promoteinnovative development, applicatforand marketingd techndogies, a comprehensive
cradle-to-maturity strategy not found at the Federal level.

The Ben Franklin Partnership operates out of regional centers where university laboratories and private
sector sponsors collaborate in censor@, with general management provided by the State. To date, the State has
contributed $110 minim; non-State support has reached $400 million. From 1983 to 1988, Ben Franklin funds were
matched by a total of $39 million m Federa funds. Though the program is well coordinated and the State ultimately
has control over funds, administration is decentralized, allowing for close ties to local needs and available resources.

The links between universities and businesses ensurethat R&D is focused on issues critical to the private sector
sponsors, which the participants generally see as a positive union. However responding to industry criticism, State
managers removed the locus of control from the universities and incorporated each of the centers.”Now each center
is governed by a board consisting of representative of the private sector, the schools, and the regional or local
government.”The program emphasize quantitative results, because the General Assembly must be convinced of
the wisdom in providing about $30 million annually. The biggest selling points have been job creation--although
this is not inherent in technology development--and profitability of new products.

Although most of the projects focus on commercial technologies, some deal with construction, materials,
robotics, and sensor technologies relevant to public works. The Penn State Technology Center is, for example,

currently conducting a demonstration project on roller-compacted concrete in cooperation with the Pennsylvania
Department of Transportation. A market demand for such technologies must exist for the Ben Franklin Partnership
to pursue a project,’so there is no guarantee that the Partnership, which is designed to encourage economic

development will benefit public services.

31bid.

Pennsylvania Department of Commerce, Office of Technology Development, personal communication, Jan. 3, 1991.
2K athleen Marcucci, Northeast Tier Technology Cexter, personal comeenication, Mar. 23, 1990,

Federal Agency Public Works R&D

Federal public works R&D efforts tend to be low
profile and are often overshadowed by the obvious
problems of infrastructure upkeep and construction;
R&D programs often fail to weather the first and
deepest cuts when departmentwide budgets shrink
(see figure 6-5). In the short term, Congress could
consider authorizing and appropriating agency
R& D budgets on a separ ate line-item basisto
guar antee executive agency commitment and
greater financial stability for R&D programs.

EPA

EPA’s R&D istask-oriented due to the Agency’s
congressional mandate, its administrative structure,
the immediate need for support of regulations, and
limited funds.” The research now under way on
broad environmental issues is focused on how to
meet regulations, with little attention to identifying

more effective or efficient alternatives for treating
environmental pollutants. Federal R& D and tech-
nology sharing programs for environmental pub-
lic works are inadequate. Increased R&D di-
rected at alternative, lower cost technologies for
meeting standards and at improving operations,
especially for small systems, isatop priority.
Congress could require EPA to develop a com-
prehensive program of research, development,
and demonstrations to meet these needs. If this
occurs, adequate funding should be ensured.

DOT

While DOT provides direct support for regional
transportation, it commits its resources on a modal
basis, with R&D support heavily skewed toward
FAA and FHWA. Data collection on travel and
shipping patterns has been neglected. As a result,
alternatives to current and future transportation

“National Science Foundation, Division of Science Resources Studies, Federal Fundsfor Research and Development: Detailed Historical Tables

for Fiscal Years 1955-1990 (Washington, DC: 1990).
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Figure 6-5—Federal Outlays'for Public Works R&D, 1980-90
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patterns are not pursued, and one outgrowth is the
dearth of R&D on intermodal connections. Both
public and private transportation officials have
identified the lack of information about intermodal
linkages, such as airport-ground and port-to-railhead
access, as a stumbling block to developing policies
that support growth and increased capacity. Revi-
sion of current modally defined R&D is long
overdue, and DOT needs to develop R&D pro-
grams to address intermodal needs and capacity
enhancing transportation alternatives. Congress
could require DOT to collect and analyze freight
commodity and passenger flow data and to consti-
tute and institutionalize a mechanism to ensure that
al its R& D takes into account interdisciplinary and
intermodal issues. Options include establishing a
transportation data office or center, strengthen-
ing the R&D Coordinating Council, and creating
an effective Secretary-level R&D coordinator.

The Corps of Engineers

The Corps has considerable public works research
capacity, and has been successful at networking with
its clients, especially the administrative Corps per-
sonnel. But the Corps' traditional specialty, water
resources development, is declining as a national

priority. Federal agencies have been unwilling (or
financialy unable) to make firm commitments to
contracts with the Corps of Engineers, and in
response, the Corps has remained committed to its
own missions, limiting its value as a resource for
other Federal agencies, which could benefit from its
expertise and facilities. Restructuring the Corps and
moving parts of it to other agencies is an option
discussed in chapter 2. A less drastic option for
Congress to consider is directing the Corps to
reorient some of its R&D toward basic environ-
mental missions, such as water treatment and
supply systems, to make the agency a more
valuable shared resource. For example, the Corps
could help EPA fill the research gap for environ-
mental public works operations and small systems.

Coordinating Existing Research

If substantially greater funding is not available,
the three main public works agencies, the Corps of
Engineers, EPA, and DOT, must renew efforts to
ensure that a substantial portion of their R&D
resources address end-users needs and to maximize
the use of existing resources. These resources
include TSC, NIST, the interdisciplinary university
centers, and existing Federal technology transfer
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programs. Specia programs, such as SHRP, which
target neglected areas of R& D, should be integrated
into more comprehensive programs and receive
adequate support. Many of these existing programs
are underfunded, underutilized, or otherwise lack
agency commitment. However, with adept intra-
agency resource alocation, they could be strength-
ened and used to leverage the return on public works
R&D investment.

Agencies that perform public works R&D are
generally underfunded, while DOE and DoD receive
substantial Federal R& D commitments. Regardless
of funding level, areallocation of dollarsis needed.
If Congress does not increase R&D spending, it
may want to consider reallocating some R&D
dollars from laboratories doing advanced re-
search to EPA and DOT, where R&D for public
works is significantly underfunded. A systems-
oriented management structure for public works
R&D could be developed, aiming for comprehen-
sive financial leveraging, management, and review.

Past executive-level public works R&D coordina-
tion efforts, such as the now defunct Water Re-
sources Council, have not been successful, because
such entities require joint congressional and admin-
istration commitment to function effectively. Given
such a commitment at their highest levels, the
executive agencies alone could coordinate research
without compromising their mandated missions.
Establishing a framework for coordinating Federal
R&D could be a long-term goal, for both the
Administration and Congress. Existing institutions,
NIST or the Federal Laboratory Consortium, for
example, could act as Federal R&D coordinators.
Another option isto establish anew agency, such as
the proposed Advanced Civilian Technology
Agency, and include public works R&D in its scope.

Technology Transfer

Throughout the 1980s, Federal research policy
articulated in legislation has been aimed at the
“national’ Federa laboratories, with the goa of
stimulating economic growth and technol ogy trans-
fer to the private sector. Using technology as atool,
Federal and State Governments have encouraged
transfer of laboratory research to industry develop-
ment through law, incentives, and centrally planned
programs.

The Federal Government has already provided an
important mechanism for technology transfer to the
commercial sector by centralizing technology man-
agement in NIST, the Federal Laboratory Consor-
tium, and other Federal technology clearinghouses.
Most Federal laboratories have been required to
consider technology transfer to the commercial
sector, and allowances for Federal researchers to
share in profits and royalties are provided as
incentives. For the most part, however, collaboration
is slow in coming due to complex legal problems
with patents and proprietary rights and some uncer-
tainty among Federal laboratory personnel about
how to go about making deals with the private
sector. Moreover, athough many technologies have
tremendous commercial appeal, those developed for
application to public works often do not have an
obvious market because of the propensity for public
officias to stipulate familiar equipment (see chapter
5).

The Federal Government has sought to bolster
public works R&D by stimulating cooperation
among academic institutions, Federal |aboratories,
and industries. The mix of academic, public, and
private sectors in technology transfer efforts tends to
target technologies according to their potentia
profitability. However, these groups do not have a
long history of cooperation, and overly mission-
specific grants and disagreements over intellectual
property rights and administrative control inhibit
effective collaboration.” Transfer of public works
technologies from Federal and academic labora-
tories to private sector production and public
sector use is unlikely to occur without specific
mechanisms-such as the Technology Transfer
Advisory Committees and technology transfer re-
quirements for the EPA Hazardous Substances
Research Centers. This limitation must be kept in
mind as Federal support for the centers is evaluated.
Technology transfer is crucial to infrastructure
technologies, but there is no guarantee that the
Federal transfer process as it is now most firmly
institutionalized will include the needs of public
works. Should Congress consider new legislation,
an emphasis on technology transfer to public works
could provide a much needed stream of innovative
R&D and a connection to industries that can adapt
advanced technologies for public sector uses. In any
case, a periodic review of technology transfer

50sborne, op. cit., footnote 63, p- 58.
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laws-how and by whom they are implemented
and their effect on the ownership and develop-
ment of technologies-could provide Congress
with information on how well the goals of the laws
are being met.

Multidisciplinary programs using academic, pri-
vate, and public resources can be useful sources of
information, expertise, and facilities. Coordinating
programs, such asthe university centers of excel-
lence and NIST, can be an effective way to allocate
scarce R&D dollars. In addition, other Federal
public works-related research could be coordinated,
and cooperative agreements such as those managed
by EPA and authorized by the Federal Technology
Transfer Act (Public Law 99-502) could ensure good
use of existing resources. NIST, TSC, and the Corps
represent valuable resources, which can provide
analytical and applied research support to DOT and
EPA. Nonetheless, with few exceptions, these re-
sources are not being fully utilized for shared
Federal research.

Technical Training and Expertise

Time and again during OTA’s research, the need
for more well-trained personnel for public works

was emphasized. Although the efficacy of Federal
university center programs in improving the pool of
engineering talent is difficult to evaluate in the short
term, it is clear that the center programs do not yet
have a large, stable financial backing or substantial
student involvement. Only a small percentage of the
students attending the 280 universities in the United
States that offer engineering education will be
involved in the multidisciplinary programs spon-
sored by Federa agencies. For example, OTA
estimates that only 1 percent of engineering under-
graduates and 4 to 11 percent of graduate students
participate in the NSF engineering centers.”OTA
concludes that the focus on education and train-
ing is as important as research to improving
public works. A generous Federal funding com-
mitment for engineers, scientists, and other uni-
versity centers is needed to meet the extraordi-
nary need for well-trained public works officials.
Federal support is especially crucial if the univer-
sities are to cooperate with the private sector
without becoming so oriented to private sector
goalsthat they risk their mission to educate.

660ffice Of Technology Assessment, Op. cit., footnote 36, p. 65.
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APPENDIX A

Fiscal Capacity and Effort Measures

Fiscal capacity is a concept developed by the U.S.
Advisory Commission on Intergovernmental Relations
(ACIR) to measure the relative revenue-raising ahilities of
States and their local governments, including taxes and
nontax revenues, such as user charges. ACIR defines
fiscal capacity as the relative amount of revenue States
would raise if they used a “representative” tax and
revenue system, consisting of national average tax rates
and charges applied to 26 commonly used tax and revenue
bases. Therefore, State capacities vary because of differ
ing tax base characterigtics, such as property values, saes
tax receipts, and mineral production. For example, the
effect of lower energy prices would adversely affect the
fiscal capacity of those States that rely on energy-related

taxes and user charges to raise a significant share of State
revenue. The method developed by ACIR is only one of
several methods to measure fiscal capacity, and some
believe an analysis based on per-capita income, though
much simpler, is equally useful.

ACIR aso measures fiscal effort, or relative tax
burdens, across States. (See table A-1 for State capacity
and effort indexes and rankings.) Revenue effort is
defined by ACIR as the burden that each State places on
each revenue base relative to the national average.

Because the ACIR analysisis based on 1988 data
changes have undoubtedly occurred in the index, but the
general trends and relationships remain valid.

Table A-l-State Fiscal Capacity and Effort, 1988

Fiscal Capacity* Fiscal effort®

Fiscal Capacity* Fiscal effort®

Index Index Index Index

(loo=U.S. (loo=U.S. (100=U.S. (100=US.
average) Rank average) Rank average) Rank average) Rank
Alabama.............. 77 46 95 31 Montana.............. 84 40 102 18
Alaska................ 255 1 122 3 Nebraska............. 89 34 106 12
Arizona............... 97 22 97 29 Nevada............... 129 4 75 50
Arkansas.............. 74 50 86 48 New Hampshire ........ 123 7 66 51
California............. 115 10 98 27 New Jersey ............ 126 6 95 34
Colorado .............. 106 14 94 36 NewMexico........... 88 35 103 17
Connecticut. ........... 142 2 83 49 NewYork.............. 110 13 141 1
Delaware ............. 120 8 94 37 North Carolina......... 89 33 91 39
District of Columbia. . ... 126 5 137 2 North Dakota.......... 85 38 107 11
Florida................ 103 17 87 46 OhiO ..o, 92 28 98 25
Georgia............... 93 27 98 26  Oklahoma............. 87 37 95 33
Hawaii ................ 111 11 111 8 Oregon............... 91 29 104 16
ldaho................. 76 49 98 24 Pennsylvania.......... 95 25 93 38
llinois . ............... 100 19 95 35 Rhodelsland.......... 100 20 99 23
Indiana............... 88 36 96 30 south carolina......... 78 44 102 20
lowa.................. 84 41 118 4 South Dakota.......... 78 45 95 32
Kansas............... 91 30 104 15 Tennessee............ 84 42 89 42
Kentucky .............. 80 43 89 43 Texas................ 95 26 89 45
Louisiana.............. 84 39 97 28 Utah.................. 76 47 109 9
Maine................ o7 23 99 22 vermont.............. 102 18 100 21
Maryland .............. 111 12 102 19 Virginia............... 104 15 90 40
Massachusetts . ........ 131 3 89 44  Washington ............ 98 21 105 13
Michigan.............. 96 24 112 7 West Virginia........... 76 48 90 41
Minnesota. . ........... 103 16 117 5 Wisconsin............. 90 31 117 6
Mississippi . ........... 65 51 108 10 Wyoming.............. 118 9 105 14
Missouri ............... 89 32 86 47

8Based on State and local tax bases and other revenue sources, such as user charges, relative to the national average.
SOURCE: Advisory Commission on Intergovernmental Relations, 1988 State Fiscal Capacity and Effort (Washington, DC: 1990), p. 33.
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APPENDIX B
List of Acronyms

AAR —Association of American Railroads
AASHTO —American Association of State Highway
and Transportation Officials

AC —asphaltic concrete

ACIR  —Advisory Commission on
Intergovernmental Relations

ACTA  —Alameda CorridorTransportation Authority
(California)

ADS —automatic dependent surveillance

AERA  —automated en route air traffic control

AGT —Automated Guideway Transit

AM/FM —automated mapping/facilities mapping

AMR  —automatic meter reading

ASCE  —American Society of Civil Engineers

ATC —air traffic control

AT™M —Advanced Traffic Management

ATSAC —AutomatedTraffic Surveillance and Control

AVI —automatic vehicle identification

AVL —advanced vehicle location

AVM —advanced vehicle monitoring

BuRec  —Bureau of Reclamation

CADD —computer-aided design and drafting

CBT —Center for Building Technology

CERL  —Construction Engineering Research
Laboratory

CFCS  —chlorofluorocarbons

CFCF  —Central Flow Control Facility

CFR —crash, fire, and rescue (services)

CIP —capital improvement plan

CNG —compressed natural gas

corps  —U.S. Army corps of Engineers

CPAR  —Construction Productivity Advancement

Research program
CRREL —Cold Regions Research and Engineering
Laboratory

CSO —combined sewer overflow

CUFT  —Center for Utilization of Federa
Technology

DCA —Department of Community Affairs
(-Horida)

DCD —Department of Community Development
(Washington State)

DCS —Distributed Control System

DOT —Department of Transportation

DoD —Department of Defense

EPA —U.S. Environmental Protection Agency

ESPs —electrostatic precipitators

FAA —Federal Aviation Administration

FHWA  —Federa Highway Administration

FLC —Federal Laboratory Consortium

FmHA  —Farmers Home Administration

FRA —Federal Railroad Administration

GA —genera aviaion

GIS —Geographic Information System

GOCO
GPS
HEW

HF
HOV
HP&R
HSGT
/A
ICAO
ICC
ICTF

IDAP

ILS
IVHS

JAL

LLWAS
LRFD
MARAD
MCL
MGD

MSwW

NAS
NATM
NCHRP

NCP
NDE
NEPA
NHTSA

NPDES

NPS
NRWA
NTSB
NWS
OER
OMB
PACE

PCBs

POE
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—Government Owned Contractor Operated

—Global Positioning System

—Department of Health, Education, and
Welfare

—high frequency

—high-occupancy vehicle

—Highway Planning and Research

—High Speed Ground Transportation (Act)

—Innovative and Alternative Technology

—International Civil Aviation Organization

—Interstate Commerce Commission

—Intermodal Container Transfer Facility
(Cdifornia)

—Infrastructure Development Assistance
Program

—instrument flight rules

—instrument landing system

—Intelligent Vehicle/Highway System

—Inland Waterways Trust Fund °

—Japanese Nationa Airlines

—Japanese National Railway

—Iload factor design

—Ilow-level windshear aert system

—load and resistance factor desire

—Maritime Administration

—maximum contaminant level

—million gallons per day

—meter interface unit

—Massachusetts Institute of Technology

—microwave landing system

—municipa solid waste

—master terminal unit

—National Airspace System

—New Austrian Tunneling Method

—Nationa Cooperative Highway Research
Program

—Nationally Coordinated Program

—nondestructive evaluation

—Nationa Environmental Policy Act

—National Highway Traffic Safety
Administration

—National Pollutant Discharge Elimination
System

—nonpoint source

—National Rural Water Association

—National Transportation Safety Board

—National Weather Service

—Office of Exploratory Research

—Office of Management and Budget

—Program for Airport Capacity Efficiency
(Massachusetts)

—polychlorinated biphenyls

—Pavement Condition Index

—point of entry
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—publicly owned treatment works

—point of use

—Personal Rapid Transit

—polyvinyl chloride

—Public Works Trust Fund (Washington
State)

—research and development

—Resource Conservation and Recovery Act

—refuse derived fuel

—Treverse 0sSmosis

—Research and Specia Programs
Administration

—Railway Technical Research Institute
(Jepan) N

—Supervisory Control and Data Acquisition

—Safe Drinking Water Act

—Strategic Highway Research program

SOCs
RF
STAA
STCs
SWTR
TBM

TEC
THMs

TSC
UMTA

VE

VOCs

—soluble organic compounds
—State Revolving Loan Fund
—Surface Transportation Assistance Act
—Science and Technology Centers
—surface water treatment regulations
—tunnel boring machine
—trenchless excavation construction
—trihalomethanes

—Transportation Research Board
—Transportation Systems Center
—Urban Mass Transit Authority
—University Research Initiatives
—value engineering

—visual flight rules

—volatile organic compounds
—Waterways Experiment Station
—weigh-in-motion
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State and Local Infrastructure Management
and Financing Workshop, July 7, 7989

John Amberger
Executive Director

Southeast Michigan Council of Governments

Mary Boergers
Delegate
Maryland House of Delegates

Wayne Collins

County Engineer

Maricopa County Highway Department
Phoenix, AZ

Settle Dockery
Development Director
York Properties

John Gunyou
Finance Officer
City of Minneapolis, MN

John Horsley
Commissioner
Kitsap County, WA

Anthony Kane
Associate Administrator
Federal Highway Administration

Morgan Kinghorn
Deputy Assistant Administrator
U.S. Environmental Protection Agency

Burton Stallwood, Workshop Chair
Town Administrator
Lincoln, RI

Byron Koste
President
Westinghouse Communities

lan MacGillivray
Director, Planning Research
lowa Department of Transportation

Donald Morse
Secretary/Treasurer
Kentucky Infrastructure Authority

Heywood T. Sanders
Associate Professor
Trinity University

H. Gerard Schwartz
Vice President
Sverdrup Corp.

Mary Simone
Mayor
RockSprings, Tx
Ron Wagenmann

Town Manager
Upper Merion Township, PA
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Workshop on Transportation and Infrastructure Technologies:
Slow Motion Progress in a Fast Forward World, Ju/y 25, 1989

John J. Fearnsides, Workshop Chair

William H. Allen
Vice President
Parsons Brinckerhoff Quade & Douglas, Inc.

Carol Belamy
Principal
Morgan Stanley & Co., Inc.

Harry Cooke
President
National Waterways Conference, Inc.

Chris Hendrickson
Professor

Carnegie-Mellon University

Gill Hicks

Manager of Transportation Planning
Port of Long Beach

Richard R. John
Deputy Director
Transportation Systems Center

Damian J. Kulash
Executive Director
Strategic Highway Research program

Richard Marchi

Director of Aviation, Planning and Development
Massport

Vice President
The Mitre Corp.

Mel Olsen

Vice President for Capacity Planning
American Airlines

Robert E. Parsons

Director, Program on Advanced Technology
for the Highway

University of California-Richmond
Craig Philip

Vice President, Intermodal Division
Southern Pacific Railroad

Thomas Richardson
Chief, Engineering Development Division
Coastal Engineering Research Center

U.S. Army Engineering Waterways Experiment Station

Albert J. Sobey

Consultant

Vern Wagar
President

National Association of County Engineers
Henry W. Wedaa

Vice Chairman
South Coast Air Quality Management District
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Workshop on Environmental /infrastructure Technologies:
Finding the Balance Between Performance and Regulation, September 14, 1989

Al Aim, Workshop Chair
Senior Vice President and Director
Science Application International Corp.

John Convery

Deputy Director

Risk Reduction Engineering Laboratory
U.S. Environmental Protection Agency

Patrick Gilligan
Manager
Brookings-Deuel Water System

Neil Grigg
Director
Water Resources Research Institute

Joseph Kavanaugh
Senior Process Engineer
CH2M Hill

Trudie Lay

Small Systems Program Manager
American Water Works Association

G. Wade Miller
President
Wade Miller Associates, Inc.

Henry M. Peskin
President
Edgevale Associates, Inc.

William Ross
Vice President
Roy F. Weston Co.

H. Gerard Schwartz
Vice President
Sverdrup Corp.

Edgar Smith
Civil Engineering Research Laboratory
U.S. Army Corps of Engineers

Whit Van Cott

Commissioner of Water
Toledo, OH

Hendrik Willems

Director, Washington Liaison Office for Engineering
and Research

U.S. Department of the Interior

Charles Larry Wilson
Deputy Director
Arkansas Department of Pollution Control and Ecology
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Materials Technology and Infrastructure Decisionmaking Workshop,
October 5, 1989

Robert Baboian

Principal Fellow

Texas Instruments, Inc.

Stanley Barkin

Associate Director

National Materials Advisory Board

George F. Braun

Director, Engineering and Housing Support Center
The Society of American Military Engineers

John P. Broomfield

Technical Contract Manager for Concrete and Structures

Strategic Highway Research program
Victor Chaker

Corrosion Research and Materials Engineer
Port Authority of New York and New Jersey

Edward Escalante
Metallurgist
Nationa Institute of Standards and Technology

Milon Essoglioli

Director, Research and Development

Naval Facility Engineering Command
John J. Gaudette

Assistant Executive Director

Program and Capital Development
Chicago Regional Transportation Authority
Hazel Gluck

President

Public Policy Advisors, Inc.

Robert E. Green

Director, Center for Nondestructive Evaluation
The Johns Hopkins University

Betsy Houston

Executive Director

Federation of Materials Societies

Jerome Kruger

Professor

Materials Science and Engineering
The Johns Hopkins University

Carl E. Locke, Jr.

Dean, School of Engineering
University of Kansas

Stanley V. Margolin

President

Network Consulting, Inc.

Eugene DeMichele

Director, Technical Services
Water Pollution Control Federation

DaeMiller

Director, Membership and Public Affairs
National Association of Corrosion Engineers
Tomoki Oka

Manager, Research Engineer

Nationa Institute of Standards and Technology
Luis Ortega

Chief Architect

Civil Engineering Division

U.S. Coast Guard

Thomas J. Pasko, Jr.

Director, Office of Engineering and Highway Operations

Research and Development
Federal Highway Administration

Rayne G. Poussard
Manager, Public Affairs
United Parcel Service

Rick Ricker

Group Leader, Corrosion Group
National Institute of Standards and Technology
Murray A. Schwartz

Program Manager for Materials
U.S. Bureau of Mines

Carl Sciple

Assistant Director of Engineering for Construction
Massachusetts Port Authority
Richard H. sutiivan

Associate Executive Director
American Public Works Association
Gilbert M. Ugiansky

President

Cortest Engineering Services, Inc.
Y. Paul Virmani

Research Chemist

Federal Highway Administration
Donald M. Waters

Vice President

PSG Corrosion Engineering, Inc.
Harold H. Weber

Director of Industrial Programs
The Sulphur Ingtitute

John D. Wood
Professor
Lehigh University
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Blake Anderson
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L. George Antle
U.S. Army Corps of Engineers
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Florida Department of Community Affairs

R. Darryl Banks
Department of Environmental Conservation

Robert Bastian
U.S. Environmental Protection Agency

David Berg
U.S. Environmental Protection Agency

Robert K. Best
Cdifornia Department of Transportation

Ray Beurket
American Public Works Association

Rosina Bierbaum
Office of Technology Assessment

Peter Blair
Office of Technology Assessment

Rebecca Brady
National Conference of State Legidatures

John P. Broomfield

Strategic Highway Research Program
Joseph F. Canny

U.S. Department of Transportation

William Carpenter
Martin Marietta Energy Applications, Inc.

Elliott chamberlain
Sverdrup Corp.

Frank Cihak
American Public Transit Association

Robert Clark
U.S. Environmental Protection Agency

Claudia Copeland
Congressional Research Service

Charilyn Cowan
National Governors Association

Rich Davis
Southern California Rapid Transit District

Michael Deich
Congressional Budget Office

Eugene DeMichele
Water Pollution Control Federation

Neil N. Diehl
Ingram Barge Co.

Arlene L. Dietz
Us. Army corps of Engineers

Gordon English
Queens University, Canada

Norman D. Falk
University of New Mexico

Maachy Fallon
Standard & Poor Corp.

John Fischer
Congressional Research Service

Brian Frennea
Inland Rivers, Ports and Terminals, Inc.

Robert Friedman
Office of Technology Assessment

Geoffrey Frohnsdorff
U.S. Department of Commerce

Jerry Garman
U.S. Environmenta Protection Agency

Rich Grady
Intergraph Corp.

Campbell Graeub
Transportation Research Board

James B. Groff
National Association of Water Companies

Ruth Hewitt
lonia, Michigan Chamber of Commerce

Robert M. Hill
SRI International

John Hornbeck
Congressional Research Service

M. Leon Hyatt
Bureau of Reclamation

Thomas Iseley
Louisiana Tech University

Larry Jenney
Transportation Research Board

Peter Johnson
Office of Technology Assessment
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Dan Jones
Office of the Mayor
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Joseph Kavanaugh
CH2M Hill
John Kelly
Oregon Department of Land Conservation
and Development
Elaine King
Transportation Research Board
Ken Kirke
Association of Metropolitan Sewerage Agencies

James Kreisd
U.S. Environmental Protection Agency

Richard Kuchenreither
Black & Veatch Engineers

Lester P. Lamm
Highway Users Federation

Thomas D. Larson
U.S. Department of Transportation

Jerry F. Lavelle

Tri-City Regional Port District
Howard Levenson

Office of Technology Assessment

Sue Lior
Roy F. Weston, Inc.

Steven Lockwood
Federal Highway Administration

James Manwaring
American Water Works Association

Wayne Marchant
U.S. Department of the Interior

Kathleen Marcucci
Lehigh University
Francis Mayo
Florence, Kentucky

Kenneth Mead
U.S. Genera Accounting Office

Dae Miller
National Association of Corrosion Engineers

Elizabeth Miner
U.S. Environmental Protection Agency

Arrigo Mongini
U.S. Department of Transportation

Jeffrey Mom
Urban Mass Transportation Administration

Karen Morehouse
U.S. Environmental Protection Agency

Mike Mulbarger
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U.S. Environmental Protection Agency

Reed Nielsen
Bechtel Nationd, Inc.

Kent A. Olsen
Fluor Danidl, Inc.

Robert B. Oswald, Jr.
U.S. Army Corps of Engineers
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University of Cincinnati

Lee Pasarew
U.S. Environmental Protection Agency

Thomas J. Pasko, Jr.

Federal Highway Administration
Michael Phillips

Office of Technology Assessment

Beth Pinkston
Congressional Budget Office

Richard Powell
American President Lines

Yvonne Pufahl
U.S. Genera Accounting Office

Karen Rasmussen

Cdifornia Trucking Association
William Reilly

Transportation Research Board

John Reith
American Trucking Associations

Victor Rezendes

U.S. Genera Accounting Office

Rip Rice

Rice International Consulting Enterprises

Gary T. Ritter
Transportation Systems Center

Judith Rohrer
U.S. Environmental protection Agency
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Argonne National Laboratory

David Sanford, Jr.
U.S. Army corps of Engineers

David Schnare
U.S. Environmental Protection Agency

Neil D. Schuster
International Bridge, Tunnel and Turnpike Association

Sarah J. Siwek
Southcoast Air Quality Management District
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Us. Army corps of Engineers
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Congressional Research Service
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National Rural Water Association
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U.S. Department of Agriculture
Jacqueline Williams-Bridger
U.S. General Accounting Office
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National League of Cities
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U.S. Department of Commerce
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U.S. Environmental Protection Agency
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Florida Department of Environmental Regulation
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Federal Aviation Administration
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Copies of contractor reports done for this project are available through the U.S. Department of Commerce, Nationa
Technical Information Service (NTIS), Springfield, VA 22161, (703) 4874650.
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