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ABSTRACT

Water resources knowledge transfer seeks to make best use of scientific and technical
information in water management. It is an important process in water research manage-
ment because its outcome determines the effectiveness of entire programs. The report
contains an analysis of the problem in the water sector, a general overview of the
"technology transfer" question, presentation of conceptual models for transfer, and
recommendations for policy changes. The genesis of the report 1ies in the planning
and organization of the Second International Conference on Transfer of Water Resources
Knowledge. The Conference was held in summer, 1977, at Fort Collins, Colorado.
Conference Proceedings are issued separately containing 98 specific papers on knowl-
edge transfer.
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SUMMARY AND CONCLUSIONS

The report presents an assessment of the status of water resources knowledge transfer systems. It
is based on background research .and papers presented at the Second International Conference on Transfer
of Water Resources Knowledge as well as analysis of previous recommendations and gaps which need to be
filled. Policy recommendations are made, and conference conclusions are presented in the three cate-
gories of research management, scientific information systems, and rural development.

The report is addressed to an international audience but concentrates on the U.S. arrangements for
knowledge transfer. Although it has international implications, it does not specifically address the
problems of developing countries. This subject was of concern at the Conference, however, and is
addressed in the Conference Proceedings.

Major conclusions and recommendations included in this report are as follows:

1. The need for more effective technology transfer programs should be recognized as co-equal
in importance with additional water research. Greater use of completed research results
will improve the entire research process, from fdentification of needs to application of
results.

2. The U.S. has a good water resources knowledge production system, but more federal research
funds are needed, particularly to serve the needs of state and local governments.

3. OWRT should provide funding for studies on improving research management and technology
transfer, and for monitoring the effectiveness of past efforts.

4, An international organization such as UNESCO should organize an international working group
to share methods for transfer of water resources knowledge and to facilitate multilateral
cooperation.

5. Although increased attention has been given to extension and technology transfer, academic
units and other research organizations need to better assess exactly who their customers
are and direct more attention to meeting their needs.

6. The U.S. national model presented by Banks (1969) needs to be reexamined and reconsidered
for full funding and implementation.

7. As water resources management responsibilities are increasingly passing to state and local
government, more attention needs to be given to their needs for transfer of knowledge.

8. The role of professional associations has not been fully appreciated. Suggestions are
made for involving them to a greater extent in the transfer of water resources knowledge.

9. A great deal of attention must be given to getting water "know-how" into national STI
systems. This is an obvious opportunity for cooperation between professional or trade
associations and the Federal Government. Much of this is generated and applied by local
governments,

10. National centers are needed for augmented activities in the dissemination of scientific
information and the development of transfer programs for computer models and other technol-
ogy. Arguments are made for the establishment of an “HEC-East,® which is needed on
the East Coast.

11. State water resources institutes and other research units should pay careful attention to
the UCOWR Technology Transfer "Guide" to improve their programs.

12. As part of the report, conclusions from the Second International Conference on Transfer of
Water Resources Knowledge are presented. These include a number of principles and recom-
mendations which should be carefully studied by water resources research administrators.

13.  Innovative national approaches for knowledge transfer such as that operated by the ASCE

Urban Water Resources Research Program should be considered. The “technological gate-
keeper" principle should be recognized for its importance.
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14, State water resources institutes can play a key role in the transfer of knowledge with a
geographical focus. Professional associations should be designated to provide the
functional or disciplinary focus.

15. The use of the term "technology transfer" in the water sector is adequately understood
to include both diffusion of technologies and information dissemination. In other
applications, however, it refers to the application of technology to a different use than
originally intended, a sort of cross-industry transfer. This contributes to the
confusion with the use of the term. Introduction of a new term such as "knowledge
transfer” probably would not help the situation.

16. There are a number of further studies needed. High on the list of priorities should be:
a) a U.S. study of total water industry expenditures and total R&D or "knowledge
generating" activities, and b) a further study of how to involve professional
associations better in the process of improving the flow of water resources knowledge.

Other specific conclusions from the Second International Conference on Transfer of Water Resources
Knowledge are included in the text. Full Conference Proceedings with 98 papers are to be issued.
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INTRODUCTION AND BACKGROUND

The knowledge explosion and advent of the "informa-
tion economy" are being felt all over the world.

In spite of this, some of mankind's most serious
problems are due to ignorance, lack of education
and training, lack of "know-how," and conflict
caused by faulty communications. In developing
countries, and in pockets of rich countries, the
poor seek the "quality of life" (QOL) of the more
affluent,

A most fundamental contribution to QOL is provided
by high-quality water resources which are necessary
for drinking, raising food and fiber, energy, and
for meeting other needs. Improving water manage-
ment is a matter of extreme urgency in improving
Q0L. The knowledge and "know-how" are mostly in
existence. How can they be transferred effectively
to the point of need? This is a problem which
transcends the rich-poor question and extends to
the improvement of productivity and QOL at all
levels.

The substantive support for this document comes
from papers contributed to the Second International
Conference on Transfer of Water Resources Knowl-
edge, held at Colorado State University, Fort
Collins, Colorado, June 29-duly 2, 1977, and from
background research. The specific objectives of
this Assessment Report are to summarize the points
made at the Conference in the framework of sugges-
tions for policy in improving the transfer of
knowledge in the water sector. These suggestions
are intended to be useful to U.S. and international
agencies responsibie for water resources research,
but are aimed primarily at U.S. pelicy. Full
proceedings of the Conference, containing some 100
?apegs, are also to be available (Grigg, et al.,
978}.

The focus of this report is on models for knowledge
transfer and on national program needs. A recent
report by the Technology Transfer Committee of the
Universities Council on Water Resources (UCOWR)
describes the techniques for application at the
organizational level (UCOWR, 1977), such as at the
water resources research institutes.

DEFINITION OF THE PROBLEM

The fundamental problem that we are addressing is
the need to translate knowledge as it is developed
into‘pfograms to manage water to improve living
conditions, Management encompasses all activities
used to develop, process, deliver, conserve, and
dispose of the water resource. It includes the
maintenance of desirable levels of water quality,
coping with unusual events such as floods and
droughts, and all the indirect activities either

causing or affecting the direct management
activities.

Water management must be defined broadly. It can
consist of different frameworks and different per-
spectives. It is usually taken to mean management
activities undertaken to effectively utilize the
multi-dimensional benefits of water for the good
of mankind.

The problem may also be classified by the perspec-
tive of the individual making action choices into:
public or private sector; Tevel of government;
developer or conservationist, etc. Another type
of classification is concerned with timing;
whether a probTem is in the perceived, planning,
design, implementation, or operational stage.
Another classification is concerned with the water
use or preblem., Examples are water supply, agri-
culture, and flood control. VYet an additional
classification might be one such as that used by
the Office of Water Research and Technology (OWRT)
to describe problem-oriented research, It in-
cludes the following cross classification:

Problem Areas Management Questions

1. Water Quantity 1. Hydrological Systems and

2. Water Quality Processes
3. Planning and 2. Biological Systems and
Management Processes
Problems 3. Socioeccnomic Systems and
Processes
4, Planning Systems and
Processes

. Engineering Works
Data Measurement Systems
and Methods

[a) W&}
°

The size of the U.S. water management industry may
impress upon us the importance of the problem of
improving productivity through knowledge transfer.
Let's estimate the total annual expenditure on
water resources management and research and devel-
opment expenditures as a fraction of the total
GNP, which is devoted to water development and
management. Expenditures are by government at all
three levels, by industry, and by individuals.

The writer currently knows of no estimate of the
total amount being spent on water management
activities in the United States. A reasonable
speculation, however, would be that the total is
about $50 billion annually, not including agricul-
ture. In support of this estimate, we can cite a
case study of Hartford, Connecticut, for 1965-68
which showed urban water expenditures to be on the
order of $50/capita/year (Clem, 1969). These fig-
ures would surely reach nearly $100 by 1977, with
inflation. If the average cost for each of 220



million Americans were $100 annually for water,
sewer, and drainage service at home, that would
come to $22 billion. Adding flood control, cool-
ing water for energy, navigation, and pollution
control would surely bring the total to over $50
billion.

Howells (1974) reported that federal spending for
water development was about $3.3 billion annually in
1973, His analysis for the period 1965-1973 pegged
R& in the range of 4.6 to 6.9 percent of develop-
ment costs. The size of federal research invest-
ments has more recently been estimated at $225
million annually by summing the related research
budgets of all federal agencies doing water re-
search (Cobb, 1977). Federal research expenditure
is probably about 2 to 3 percent of federal water
activities. The Federal Government research, how-
ever, also provides information of use to state and
local governments.

In order to estimate total national R&D expendi-
tures on water, a method is needed to estimate the
investments in water resources research or the
generation of knowledge by state and Tocal govern-
ment and by private industry. 1In all probability,
these expenditures are much larger than commonly
believed. ' Expenditures in only one portion of the
water sector, urban areas, comes to about $22 bil-
lion annually. These design, construction, and
maintenance funds are largely spent on staff, con-
sulting firms, construction, and equipment. If 5
percent of these funds (albeit a guess) were con-
sidered to be "knowledge generating," this $1.1
billion would amount to almost five times the
estimate of annual federal investment in all of
water research, and it is only for urban water.
The total R&D could reach several billion.

With all this research activity going on, the cap-
ture and application of new useful knowledge (in-
cluding practical "know-how") generated in the
construction, operation, and management of the
nation's $50+ billion (presumed) water economy

is a serious problem.

To complicate the problem, many practitioners pre-
fer to Tearn new techniques from other practition-
ers, not from researchers. One need is to capture,
process, and disseminate the knowledge of the key
professional practitioners.

In facing this problem, we should recognize that

there are general problems inhibiting the transfer
?f kngw]edge. One of these is quoted by Slamecka
1977):

"We all know what information costs; the
problem lies in attempting to put a
value, monetary or otherwise, on it. The
answer appears to be that information is
valueless except when you need it, when
it becomes priceless. In this respect,
it is Tike insurance, 99% of the time one
does not need insurance but for the 1%
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the need is critical. Now, we all have
rationalized the need for insurance, and
have worked out some sort of subjective
cost effectiveness value for it. It is
basically this: we recognize the value
of paying a relatively small sum on a
regular basis now, so that we have
access to a relatively large sum at some
undefined point in the future, if we
need it. Surely this is precisely what
we do in building up an information
resource. That being the case, the same
cost benefit arguments can be applied."

..... MeMullen, 1973

TECHNOLOGY TRANSFER: AN OVERVIEW

The U.S, Federal Government uses the term "Tech-
nology Transfer" (TT) extensively. Linhares
states that:

"In its broadest sense, technology trans-
fer encompasses the collection, documen-
tation, and dissemination of scientific
and technical information, including
data on the performance and cost of
using the technology, the transformation
of research and technology in the pro-
cesses, products, and services that can
be applied to public or private needs;
and the secondary application of re-
search and technology developed for a
particular mission that fills a need in
another environment.,"

ooessExecutive Office, 1977

The Federal Directory describes the TT programs of
a number of agencies. These programs are devel-
oped to meet the different missions of the sepa-
rate departments., Some of the models for technol-
ogy transfer are applicable to the water sector,
whereas others are not. Use of the term "Technol-
ogy Transfer," in private industry normally refers
to the diffusion of an invention or innovation
throughout the economy or from one group to
another. This concept is useful for the water
sector, and the public nature of the water sector
requires a very careful analysis.

Some definitions and basic principles are needed
at this point., In their "Guide," UCOWR distin-
guished between the terms "information dissemina-
tion" and "technology transfer." They stated
that:

"...we have defined information dissemi-
nation as the act of informing or pro-
viding information about technological
changes and advances through visual,
audio, and written media."

and




" Technology transfer is the sum of those
activities leading to the adaptation,
adoption, or demonstration of new tech-
nology where the audio, visual, and
written media provide a partial vehicle
for accomplishing the transfer. As such,
it includes but is not limited to infor-
mation dissemination."”

oo JUCOWR, 1977

These definitions seem quite workable. We really
need a more precise term for water resources tech-
nology transfer because of the confusion with the
industrial model, however,

At a more basic level, technology might be under-
stood as being a subset of knowledge. Language

is often imprecise, but technology might be defined
as applied seience. Seience can be defined as
knowledge based, on observed faete (Barnhardt,
1976). We must conclude that technology is applied
technical knowledge. Knowledge must be produced
before it can be transferred. Fritz Machlup says
that producing knowledge includes discovering,
inventing, designing, planning, disseminating and
communicating (Machlup, 1962). When using technol-
ogy transfer or knowledge transfer in the context
of water resources, knowledge can include the dis-
semination/communication process.

In economic terminology, the production of knowl-
edge is followed by consumption. Knowledge, how-
ever, is conservative in that consumption does not
diminish the supply. It can, however, be lost or
become obsolete. The UCOWR terminology seems rea-
sonable, but a model based on Machlup's work might,
however, have some merit, Such a model could take
the following form:

1. Production of Knowledge includes:

Invention
Discovery
Development

2. Storage and Communication of Knowledge
includes:

Acguisition
Storage
Dissemination

3. Consumption of Knowledge includes:

Adaptation
Utilization

Using the above classification, teechnology transfer
becomes a term which means taking knowledge from
the production stage to the consumption stage.

Hough (1975) also presents some useful definitions
of key.terms associated with technology transfer.
He defines technology diffusion as "publicizing,

adapting, adopting, and ingesting a new item of
technology, which may be a product, process, tech-
nique, procedure, or other application of availa-
ble science or technology." Vertical and horizon-
tal diffusion refer to transfers within and
Between agencies respectively. In technology
transfer, the application of knowledge serves a
purpose other than the original intention. This
definition of "technology transfer" seems to
appear quite frequently.

Abt Associates presents two definitions:

"Technology transfer is the process of
solving a social or economic problem
through the application of an existing
technology--one developed for a differ-
ent_problem, in a different environment."

"Technology transfer is the application
of technology to a new use or user.”

ceee Abt, 1975

In spite of the great expenditures by the federal
government on the development of technology, a
recent study by the National Academy of Engineer-
ing concluded that:

"...The vast technology developed by
federally funded programs since World
War II has not resulted in widespread
spinoffs of secondary or additional
applications of practical products, pro-
cesses, and services that have made an
impact on the nation's economic growth,
industrial productivity, employment
gains, and foreign trade."

ceeeNAE, 1974

The NAE report recommends shifting the focus of
federal concern from disseminating information
about technology to transforming technical infor-
mation into ultimate uses for public or private
socioeconomic needs. The committee proposed that
the federal government spend about one billion.
dollars annually on this program.

In studying the flow of technology from producer -
to consumer, there are several cases to consider.
Two of the most obvious are the case of transfer
from organization to organization {horizontal) and
transfer within organizations (vertical). Trans-
fer within organizations is complicated enough
itself. A recent comprehensive study at MIT
(Allen, 1977) points out some rather obvious prob-
lems. He states that the primary reasons that
engineers do not read technical literature is that
they simply cannot understand the material pub=
lished in the journals. This is apparently the
result of modeling professional societies after
old scientific societies that present the new
without describing it as it gets into what was
known beforsa and that use a highly technical form



of presentation. The professional societies obvi-
ously need to pay more attention to technology
transfer and less to pure dissemination.

An interesting concept found in Allen's book (1977)
is a detailed discussion and analysis of the Tech-
nology Gate Keeper function within an organization.
The Technology Gate Keeper is an easily identified
person who is interested in new technology and who
communicates well with others within the organiza-
tion., Studies show that communications with gate
keepers were at a much greater level of intensity
than with many others in organizations and that the
gate keepers were very often open to new technology
and likely to work to promote its adoption. To
this point we shall return.

The specific problem of technology transfer in the
water sector is rather complex because of the num-
ber and variety of producers and transfer agents as
well as the diffused audience of recipients and
users of technology. There are several operating
models of TT processes that one can examine for
ideas. One of the earliest and most visible models
is the Agricultural Extension Service in the U.S.
The Extension Service carries technology from the
university to the user community (usually farmers)
and works to have new and useful techniques adapted
in the marketplace. Although its job is often
stated to be rather simple compared to technology
transfer in the commercial-domestic sector, the
fact is the Extension Service has received a con-
tinuous commitment of funding and large inputs of
scientific effort over the years. The Targe input
of effort explains its success much more than any
perceived simplicity. As the Extension Service is
rather successful, it has been used as a model for
a number of-other proposed and operational small
efforts.

A recent report by Pease (1971) looked at the util-
ization of university capabilities for environmen-
tal problem solving. Recommendations included the
establishment of problem-solving action centers and
systems research centers. Pearson (1977) describes
a possible teechnology service which could provide
technology extension agents to industry. He lists
five prerequisites for the success of such an agen-
cy such as: (1) university affiliation, (2) exper-
iment stations, (3) resident experts, (4) local
advisers, and (5) a coordinated education and
training program. Memphis State University has
been experimenting with a Regional Economie Develop-
opment Center funded through the Economic Develop-
ment Administration which has as its objective to
provide assistance to the public and private sec-
tors to stimulate economic growth (Memphis State
U., 1975). The University of Oklahoma has devel-
oped a Center for Local Governmment Technology which
serves local government with essentially the same
objectives as the other extension services (Mize,
1977). The National Science Foundation, through
its Division of Intergovernmental Science and
Public Technology, has sponsored other studies and
investigations on how to apply and disseminate

.

technology in the public sector. One of these is
the Pennsylvania Technical Assistance Program
designed to deliver public technology to local
government (Penn State U., 1975). Certainly, we
should also mention the activities of the non-
profit firm, Public Technology, Inc., a spinoff
from the International City Management Associa-
tion. We also are about to see a new energy
extension service within the U.S. Department of
Energy.

With so many new efforts to apply technology for
improving productivity, a bandwagon effect is
developing. Questions now revolve around methods
to improve the effectiveness of these transfer
efforts and to achieve a correct balance between
technology development and its application.

Evaluating effectiveness of knowledge transfer
activities remains an elusive problem. Slamecka
(1977) says that the problem has three aspects:

"The process of information communication
requires and/or affects three classes of
individuals: the originator or proprie-
tor of information, the information ven-
dor, and the information buyer or user.
The functions of these three parties in
the communication process are different
as are their objectives, and hence when
asking how effective is information
transfer, one must ask 'effective from
whose viewpoint?' In another context,
effectiveness may relate to the objec-
tives of an individual, a group of indi-
viduals such as a corporation, or of a
society as a whole; the assessment of
the effectiveness of information commun-
ication will be radically different if
made by a totalitarian government on the
one hand, and by a citizen of such a
government on the other hand. The
notion of the effectiveness of informa-
tion transfer is thus relative: it is
time dependent, situation dependent, and
often subjective,"

Water resources knowledge transfer in western
countries is much the same as in countries with
centrally planned economies.  This is because
water is almost entirely managed at the macro
level by government. Micro-level problems may be
at least as significant. This leads to special
problems of management, improving productivity,
and introducing innovations. Slamecka (1977)
describes it this way:

"Whereas in a market economy, the need
for and the use and value of information
are implicitly assessed in.each single
instance of each technician's or




manager's desk (i.e., at the place at
which the ‘financial resources for such
information are justified and expended),
in the planned economy, the greatest con-
cern with evaluating the effectiveness of
information services and systems is at
the Tevel of the central government.

This is so because the central government
is primarily responsible for the design
and operation of the national system of
scientific and technical information
services, and for the direct or guided
appropriation of financial resources to
cover its operating costs."

Later in the report I will make the point that
local and state government know-how is not captured
in the water resources STI system and needs to be
systematically introduced. This is a problem of
general concern in other sectors and is accurately
described by Slamecka (1977) as follows:

"Convincing users to make effective use of
scientific and technical information is
particularly difficult because the formal-
recorded literature (documents, patents,
etc.) does not transmit the experiential
component - of knowledge {the know=-how)."

"As a result of such a policy, however,
the information resources being systemat-
ically collected and organized by the
Soviet Union may scon be the world's most
comprehensive, particularly with respect
to the technical information and know-how
generated by the developing nations
{which is all but ignored by the informa-
tion systems of highly industrialized
nations, yet which is 1ikely to be ex-
ceedingly valuable to the developing
economies of the Third World)."

Also, Slamecka (1977) describes the value of prag-
matic information to decision makers. This is of
considerable interest to the water sector because
it squarely hits the water decision-making prablem.

"Another research effort attempts to
derive a measure of 'pragmatic' informa-
-tion by observing actions that have
resulted from acquired information and
comparing these with actions that did or
would have taken place without the infor-
mation. In a general sense, information
should resolve or reduce uncertainty; in
this research, information must then be
related to the various kinds of uncer-
tainties that decision makers deal with--
uncertainties as to goals, methodologies,
states of the environment, interaction of
parameters effecting problems, etc.
'Decision states' are defined by the
probabilities of choice regarding courses
of action at time t; the impact of infor-
mation on the distribution of such proba-

bilities is said to be a measure of in-
formation. Interestingly, the impact

of information on the value of a deci-
sion state can be shown.to be a measure
of information value. This so-called
pragmatic measure of information is not,
in its present state of development,
suitable to assess the utility of infor-
mation transfer; ideally, such a measure
should be used prescriptively; that is,
it should quantify the information con~
tained in a set of data with respect to
its overall usefulness for a range of
decision makers and time.,"

TECHNOLOGY TRANSFER
IN THE WATER RESOURCES SECTOR

In the water resources sector, knowledge has ex-
pltoded in the same way it has in other sectors.
The dimensions of the explosion of knowledge can
be readily seen from a recent NSF report (King).
How can we harness this explosion of knowledge for
solving local, national and international water
resources issues?

The water industry is not organized neatly into
producers, transferers, disseminators, and con-
sumers of knowledge. In general, universities,
agencies, and private research organizations are
regarded as producers of knowledge, and agencies
and private groups are regarded as primary users.
Librarians, editors and operators of scientific
information systems are regarded as transferers,
storers, and disseminators. The picture is not
this clear, however. In fact, universities engage
in production as well as utilization; and transfer
agents are not restricted to the traditional areas
named above. The situation might be summarized as
shown in Figure 1..

The ranges of application shown on Figure 1 will
certainly be controversial. A more complete
inventory of groups working in the water resources
industry is given in Table 1.

Universities

Agencies

Firms

F
1

, Associations ,

Libraries .,

Education[Training[Research[Transter |Application

Figure 1. Spectrum of Water Resources
Knowledge Activity



Transfer of water resources knowledge has similari-
ties to transfer of agricultural knowledge. In
both cases, the research findings are produced in
agencies, universities, and private firms. The
users of the agricultural knowledge are, by and
large, farmers, but industrial development has been
stimulated by agriculture. In transfer of water
resources knowledge the user community may be more
complex. Normally, new water resources knowledge
is applied to improve the quality of life rather
than to increase production.

In a careful analysis, Axinn and Thorat (1972)
state that the element responsible for the success
of agricultural extension education--the heart of
transfer--is "the integration of research and edu-
cation with governance, with supply, with produc-
tion, and with marketing." The governance activity
is included to provide for monitoring the 1inkages
between the other activities.
Table 1. The Water Resources Knowledge Industry
1. The producers and processors of water resources
knowledge:

a. Universities

b, Government agencies (federal, state, local)
c. Non-profit research firms

d. For-profit research and consulting firms

e. International and national organizations and

associations
f. Innovators who try new ideas in actual water
management situations

2. The transfer agents:

a. Universities

b. Professional and user associations

c. Non-profit and for-profit teaching firms

d. Information processors

e. Libraries

f. Publishers closely linked to producing

sectors

g. Primary and secondary journal publishers
3. The users of water resources knowledge:

a. Government agencies (federal, state, local)

b. Farmers

c. Private consulting firms

d. Industrial firms

e. Utilities

f. Citizen groups

g. Researchers and students

h. Elected officials

i. Interest groups

We need to develop a conceptual model of the trans-
far of water resources knowledge which will take
advantage of the vast storehouse of related experi-
ence developed by the agriculturists. Development
of such a conceptudl model will allow more effec-
tive analysis of needed directions in improving the
delivery of service.
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Water resources knowledge (WRK) is a commodity,
like other types of knowledge, that can be pro-
duced, stored, transferred and used. It is
neither a renewable nor non-renewable resource but
a permanent resource, once produced.

Because knowledge is not readily exchanged through
the market process and government has moved into
the void of the chief knowledge producer, there is
no market available to ensure the efficient
production and distribution of knowledge. The
flow of WRK is, therefore, financed mostly by
government and quasi-government decisions about
priorities. Some WRK has been produced through
private invention but this total is probably small
compared to total WRK, A very simple model for
WRK flow is illustrated in Figure 2.
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Figure 2. Flow of Water Resources Knowledge

One model for the water sector is the technology
transfer process of the Environmental Protection
Agency. Although EPA works on several problems
concerning the environment, one of its chief
problems is water. A recent study by a committee
of the National Academy of Sciences {NAS, 1977)
concluded that EPA needs more attention to
technology transfer. They stated that:

"We, therefore, conclude that scientists,
informed and up to date in their respec-
tive fields, should be responsible for
gathering, analyzing, transforming, and
transferring the information in a form
that can be used by non-experts."

These non-experts are to be principal clients for
environmental information, and they are most con-
cerned with interpreting and implementing




legislatively mandated programs. NAS also con-

cluded that:

~"e.. It is not reasonable to expect every
scientist and technologist working on
enviranmental problems to be proficient
in the completed task of information
transfer to regulatory decision makers.
Special talents are required; prime among
these is the understanding and apprecia-
tion of the use to which the information
will be put that comes with experience
with the decision-making process itself.
Another necessary characteristic is the
ability to look beyond one's own techni-
cal disciplinary experience, to integrate
disciplinary knowledge into a multi-
disciplinary whole.”

eese s NAS, 1977

NAS concluded that EPA needed a special office and
technical staff to assess and integrate relevant
technology and to transfer the results to decision
makers who would use the information. This is,
once again, a reaffirmation of the need for inter-
preters.of technology to the appropriate audiences.

Most -proposals for new extension service activity
are developed from the perspective of the research
and development agency looking for markets to
serve, -In a study devoted to the water sector,
Stewart and Howells (1972) pointed out that three
perspectives must be considered. These were: the
research, development diffusion perspective, the
social interaction perspective; and the problem-
;s0lving perspective. In their report, recommenda-
tions are made for the adaptation of a communica-
tions model for the results of water resources

. research.

The ASCE Urban Water Resources Research Program,
through its Director Murray B. McPherson, has ini-
tiated some very effective efforts in technology
transfer.. His work is summarized through 1974 in
(McPherson and Mangan, 1975). Basically, McPherson
works through cooperatore who fit the description
of technological gate keepers described by Allen
(1977). The cooperators number some 200-30C in the
U.S. alone and include the most outstanding innova-
tors in state and local government water manage~
ment, universities, and the Federal Government.
McPherson (1974) has some keen insights about
innovation in the water sector:

"Experience in urban water affairs has
shown conclusively that fractionalized
technical information is a source of
frustration for those local officials who
are actively seeking innovative improve-
ments and a defense for those local offi-
cials who are confounded by rapidly
changing policies. A mechanism for
facilitating innovation is, therefore,

-7

the relaxation, reduction or removal of
such frustration and defense. There are
commonly long delays in the wholesale or
general application of innovative con-
cepts from urban water resources re-
search. Again, experience in urban
water affairs has shown conclusively
that when an advanced idea is developed
in a transferable form, the actuality of
its existence creates a broad immediate
market or demand elsewhere. Public
officials have built-in incentives to
reduce costs, to constantly improve
service, and to be in tune with the
times. Imposition of additional pres-
sures or employment of grant-in-aid
incentives will not in themselves neces-
sarily bring about real, wholesale inno-
vations, It is necessary first to show
that an innovation is practicable, pos-
sible, and has a potential for improving
a Tocal public official's standing,
either politically or professionally or
both.

"Appropos of these last arguments is the
aversion of one of our outstanding local
government innovators to the term ‘tech-
nology transfer' for which he would sub-
stitute 'transferable-technology,’
referring to demonstration of the utility
of transferring a given technology.
Commenting on the use of computer simu-
lation models, he has argued that it is
necessary to show the design or operat-
ing engineer something that can help
him, something for which it is worth the
trouble of building a good data base,
something that he himself can operate
with confidence. He believes that new
technology will be applied when methods
are offered which are truly applicable,
objectively useful, and which are cost~
effective in that they reduce the over-
all input of society's finite resources
as user cbjectives are met."

and

"In speaking about the problem of commun-
jcating water resources research find-
ings to the user, or technelogy trans-
fer, it has been avowed that the user
must be willing to experiment with new
methods that have promise of success
even if an element of risk is involved,
and the researcher must make a special
effort to insure that the researcher's
results are readily used.

"Perhaps the 'standard' pattern of inter-
action between industry and the univer-
sity s at least nominally applicable to
the water research transfer riddle: 'The
taxonomy of the methods of university-



industry scientific and technical inter-
action is not very complicated. The
practices involved are standard; innova-
tors are few and far between, since the
person who can survive in a hostile en-
vironment from both camps is extremely
rare.' Also noteworthy is the fact that
the university-industry coupling 'has
never been tried seriously' and perhaps
only a quarter of our major educational
institutions 'have the philosophy,
willingness, and performance necessary
for interacting with industry.'"

CONFERENCE BACKGROUND AND RESULTS

The Second International Conference on Transfer of
Water Resources Knowledge was held at Colorado
State University June 29-July 1, 1977. The First
International Conference was in 1972, At the
Second Conference approximately 180 attendees from
28 countries were represented. Technical sessions
were divided into three groups: research manage-
ment, scientific information systems, and rural
development. The basic conclusions from the Con-
ference are presented Tater. Appendix B lists the
titles and authors of all 98 papers which were
presented. After the papers were presented, the
attendees were organized into panels for the pur-
pose of developing what they heard into conclusions
and policy recommendations. The definition state-
ments for the problems addressed by the Conference
are presented in the following sections.

First, the Conference was addressed stategically to
a set of important questions such as the following:
1. How much water resources research is
necessary to provide a continuous,
reliable input to national policy
deliberations,
How much and what kind of technology
transfer is needed to support the
research effort,
What institutional structures will
best serve national needs and ensure
a continuous effective flow of needed
information to agencies responsible
for upgrading 1ife quality,
How should production, transfer, and
utilization tasks be assigned among
the involved groups,
What information networks can serve
national and international interests
best in the water resources field,
and
What are the strongest linkages
between water resources knowledge and
the development process and how can
these linkages be improved to ensure
effective transfer of research
results?
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These questions hold for local, national, and in-
ternational groups concerned with WRK. In organ-
izing the Conference, we found that the policy
questions above were too specific and needed more
focused attention than that allowed by the brief
nature of the Conference. Accordingly, the
following three more general questions served as
the Conference framework:

1. How can water resources research be
managed so that useful results can
be transferred to users? Useful
results refer to past, present, and
future research activities.
2. How can Water Resources Scientific
Information Systems (SIS) be devel-
oped and managed to enhance knowl-
edge transfer? The SIS include data
bases, computer abstracting services,
scientific and trade journals, news-
letters, and other information dis-
semination activities.
How can water resources knowledge be
applied to improve living conditions
for the rural poor, wherever they
are found? This question necessar-
ily refers to providing basic water
and sanitation services as well as
irrigation water to citizens whose
living standards are still too low.

The following are specific points made by the Con-

ference summarizers. Additional information is in
the Conference Proceedings:

Research Management (Panel chaired by Dr. Warren A,

Hall)

The decision maker encounters a deluge of raw in-
formation, reports, and data that are at least
superficially related to his decision making.
research community needs to find a way to build
filters into the knowledge dissemination process
so that decision makers will be supplied with
clear, credible, and pertinent information.

The

Summary points at the Conference were really all
related to Research Management. An excellent
paper by James is reprinted as Appendix E to des-
cribe a specific approach to research management.
Specific recurrent themes which arose at the Con-
ference included these:

1, Piecemeal R&D efforts must be pulled together
to win visibility for the water resources
research process and improve legislative
support.

There is a need for continued attention to
improving the transfer of research results.
For a number of reasons, it is important to
increase communication between researchers and
users of research results.




4, State-of-the-art reports, if prepared with a
balanced viewpoint, can be very valuable to
water resources managers.

5. There is a need for improving the receptivity
and mutual trust between researchers and users.

6. The transfer of research results must be more
closely keyed to actual demand for the
information.

7. There is a need for the translator function in
the delivery of research results to users.

8. Abstracts of research reports and articles
should be more carefully prepared and
informative. :

9. The importance of interdisciplinary work must

be recognized.

There is a need for recognition by decision

makers of the lead time required by a cost-

effective R&D process.

Researchers should engage in post facto evalu-

ative research, but they should avoid irre-

sponsible criticism of agency and private
sector decisions.

It must be recognized that the research mana-

ger cannot pre-establish the results of a

project, He cannot order any new scientific

discovery.

11.

12.

Development of Effective Water Resources Scientific

information is gathered via the data base search,
the resources of the libraries of the world are
available to the searcher. Effective use of
existing 1ibrary systems should be facilitated.

Existing systems are often less than comprehen-
sive, and there is a disparity of system availa-
bility among developed and developing nations.

But equality in this regard among nations is prob-
ably neither necessary nor desirable -~ particu-
larly if more effective international collabora-
tion can be developed.

Second, while a long-range national and interna-
tional objective should be integration and simpli-
fication of information systems, at present the
panel sees value in diversity to encourage Tlocal
data gathering and control. At the same time
greater attention should be directed to coordina-
tion of effort so that higher levels of compati-
bility and interchangeability might be achieved
and linkages among subject matters and systems
operations might be realized. User education must
accompany these developments.

Third, consistent with the thrust of the entire
Conference, this panel stresses the importance of
users in both system design and management. It is

Information Systems (Report by Panel Chairman Dr.
Norman Wengert)

Conference Chairman Neil Grigg gave each of the
three panels six questions to guide them in formu-
lating recommendations. Panel "B" sought to
respond to these questions.

But before outlining its recommendations, this
panel set forth six basic premises important to its
deliberations and implicit in many of the papers
presented in its (simultaneous) sessions as well as
in many of the plenary sessions.

First, it is apparent to the panel that interna-
tionally as well as nationally many scientific
information systems relating to water are available
and in use, ranging from traditional literature
indexes in printed form to highly sophisticated
computer based systems allowing remote terminal
access to large data bases.

Two basic types of computerized systems exist --
the relatively simple systems storing numerical
data arranged for quick computerized access, the
highly complex systems storing mixed alphanumeric
data and providing bibliographic access to the
world's scientific literature. The numerical data
systems are at this time primarily serving the
needs of specialized groups engaged on specific
data gathering missions although a trend toward
computer access to basic data, such as properties
of materials, seems to be developing. The more
complex systems are increasingly available to
information specialists including those interna-
tionally involved in servicing the literature needs
of the scientific community. Once bibliographic
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imperative that users become more familiar with the
State-of-the-Art in information system design and
operation so that a more fruitful partnership may
develop between water resources experts and those
who are knowledgeable in information storage and
retrieval., At the same time, it is recognized
that -- at least in the short run -- concern for
user needs may tend toward diversity and structur-
ing of plural systems. Serving users effectively,
as a corollary, requires that information and data
inputs generated by research must also (ideally)
be directed to user needs and problems.

Fourth, for this reason this panel stresses that
the goal of compatibility, interchangeability and
coordination should not initially lead to a sin-
gle, centralized international water information
system but rather should direct attention to
devices and techniques that maximize effectiveness
of diverse and plural systems. Water resources is
a multi-dimensional, multi-disciplinary field =--
the information systems that serve the needs of
the workers in the field must reflect and address
this diversity if they are to be effective.

Future conferences may wish to address questions
of greater international centralization and
accessibility of materials.,

Fifth, this panel stresses, as have many of the
formal papers, the range of specialized roles of
government agencies, universities, professional
associations and commercial organizations in the
future development of effective water information
systems and urges that coordination and integra-
tive efforts must include all of these sectors and
interests. Inputs as well as outputs should re-
flect these diverse and specialized roles.




Sixth, development and management of effective
water resources information systems is a continu~
ously changing process and, while subject to gui-
dance, cannot be constrained by strictly rational
models. Political, social, and behavioral varia-
bles often are of overriding importance. Emphasis
at this stage should begin with the local and par-
ticular, the development of elegant structures and
processes being postponed for later attention.
However, existing systems should be recognized and
utilized whenever possible.

Recommendations and Conclusions

1. The products of research (data, information)
and methods of "marketing” them (dissemination and
application) must be recognized as an integral part
of the research process and an area of concern
itself requiring research. The imperatives of the
information transfer function should be recognized
by researchers and research sponsors, and provided
for in research programs and budgets. At some
point, the transfer function (marketing, dissemina-
tion, application) must be institutionalized (if
institutional structures are not already availa-
ble). The functional suitability and appropriate-
ness of information transfer institutions must con-
stantly be reassessed and reappraised.

2. Adequate resources should be provided to sup-
port and encourage interaction among librarians,
information scientists, transfer agents, data and
information producers, users and system managers.
Content outputs (and hence inputs) as well as for-
mat (packaging) must be geared to user needs and
problems, based on user participation in identify-
ing needs and problems, as well as on his percep-
tions, knowledge of principles of information
retrieval, and an analysis of his situation.
Users, however, being numerous and extremely
varied, must be specifically identified and cate-
gorized and in this process of aggregation the most
reasonable compromises should be reached.

3. Information and data retrieval systems should

be interrelated; appropriate networks should be
developed out of continuing dialog among producers,
users, and others responsible for both inputs and
outputs and concerned with system effectiveness.

As appropriate, "reformatting” (packaging) to meet
user needs and problems optimally should be consid-
ered -- as defined by such dialog reflecting user
and producer experiences and perceptions. Both
nationally and internationally, directories des-
cribing purpose, scope, content and function of
systems must be readily available.

4, The information systems community should work
toward developing guidelines that might contribute
to coordinationh among systems and increase system
compatibility. Development of standardized the-
sauri, with due allowance for growth and change of
emphasis within the field, can do much to allow
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competent access to stored informatien in biblio-
graphical form. A continuing awareness of the
State-of-the-Art in standardization is vital.

5. Panels composed of members of the varied
groups involved in water resources information
transfer (producers, users, transfer agents such
as libraries and system managers) should be estab-
1ished and meet regularly to encourage coordina-
tion, avoid duplication and review system effec-
tiveness in general. Approaches should, as appro-
priate, be multi-disciplinary.

6. System effectiveness must be measured by use
and by the needs inherent in the use situation,
reflecting needs, training and capacity of users.
Feedback and interaction among information system
users, Tibrarians, producers, managers and others
responsible for the acquisition, and storage of
written materials organized for use is essential,
No system is truly effective unless materials are
made available as required once their existence is
known. Research to identify the entire spectrum
of potential users and to guide output marketing
as well as input may be required.

7. Systems and arrangements for interrelation-
ships should be flexible and experimental to maxi-
mize adjustments to changing needs and opportuni-
ties. Simplification, integration and coordina-
tion should perhaps be regarded as continuing
Tong-range goals.

8. It is imperative that attention be given to
the special problems of ephemeral materials, as
well as to conference proceedings and papers,
contractors reports, and specialized reports of
work done on local or international projects --
most of which are not reflected in standard pub-
Tisher's lists and are often available only
through specialized sources and only for brief
periods of time. The efforts of those actively
working in the water resources field are essential
in acquiring this sort of material and depositing
it in specialized collections where it can be made
available as needed. In the absence of such coop-
eration between engineers, scientists, and others
in the field and librarians it is very unlikely
that this sort of material, often badly needed,
will be available for use. Standard 1ibrary
organizations deal poorly with this sort of publi-
cation and specialized Tibraries are often better
able to organize and utilize such valuable
resources.

9. Information on the State-of-the-Art of new
and current technology and techniques should be
provided so that information systems as a whole
become more dynamic, responsive to user needs.

10. Researchers and users need complete informa-
tion to prevent unintentional redundancy in
research activities and technological development,
and to minimize conflicts and inconsistencies.




11. There needs to be better communication among
new and existing system developers, managers and
users, and more effective integration among auto-
mated and non-automated technologies should be
encouraged.

Additional Notes
(Provided by Ms. Marjorie Rhoades, Rapporteur for
Panel, Associate Professor, Engineering Science
Librarian, Colorado State University.)

Concepts and problems deserving of further atten-
tion at future international conferences:

1. Research to determine user needs.
2. Better funding and solutions to copyright re-

strictions to expand response capability (such as
document delivery).

3. Clearer definition of subject parameters.

4, Recognition of the relative roles of a) Infor-
mation Systems, b) Research Libraries, c¢) Special
Libraries and d) Information Centers. Each has
definite capabilities and limitations as suggested
in the following paragraphs:

a) Information Systems - the network of all
communication methods within an organization
(or in this case, a field). Information may be
derived from many sources other than a data-
processing unit, i.e., by telephone, by contact
with other people, or by looking at an opera-
tion. In many cases, within the field of water
resources such information takes the form of
citations to bibliographic materials which in
turn makes it possible to obtain specific per-
tinent books, journal articles and technical
reports.

Information in traditional written form (as.
opposed to data bases containing specific data,
usually numerical) is usually housed in one of
three categories of libraries described in the
following paragraphs:

b) Research Library - an organization which
acquires and organizes a collection for use by
information seekers. May be specialized but
commonly expands to cover larger fields of
human knowledge. Excellent for storing and
retrieving journals and books. Strengths:
large collections; long 1ifespan and continui-
ty; professionally trained personnel; estab-
Tished Tinks with the 1ibrary community both
national and international. Weaknesses: Com-
plexity of organization sometimes defeats user;
materials difficult to find without the ser-
vices of knowledgeable professional or clerical
staff person; tend toward rigidity; response
usually sTow.

c) Special Library - a library maintained by
an individual, corporation; association, gov-
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ernment agency or other group for the collec-
tion, organization, and dissemination of in-
formation, primarily devoted to a special sub-
ject and offering service to a specialized
clientele. Strengths: Good flexibility;
small staff of dedicated professionals who
know the subject field thoroughly; special-
ized cataloging and organization. Weaknesses:
Limited numbers of staff; sometimes untrained,
narrow subject range; lifespan as an organiza-
tion and funding vary from stable and useful
to short lifespan due to cessation of funding.

d) Information Center - usually an office, or
a section of a research organization, which
compiles and offers information about books or
on a subject with which the parent organiza-
tion is concerned. Staffing varies.
Strengths: Close contact with subject ex-
perts; commitment to subject goals; flexibili-
ty; access through experts to specialized and
ephemeral materials. Weaknesses: Commonly
lack professionally trained personnel; are apt
to have very short lifespans; small collec~
tions; funding varies; may lack knowledge of
and contact with the network of worldwide con-
ventional libraries and other information
sources.

Rural Development - {Chaired by Dr. Evan Vlachos)

The full report of the Rural Development Panel,
chaired by Dr. Evan Vlachos, will be in the
Conference Proceedings. The issues below are
those reported verbally at the Conference by
Reporter Ann U. White.

Rural Development issues must necessarily be
viewed in their larger context. It is clear that
the most important water problems are community
water supply, sanitation, irrigation, and flood
control.

Three types of issues predominate: what types of
information are needed; what types of communica-
tion are needed; and how can one increase sensi-
tivity and receptivity on both sides of the infor-
mation exchange process.

An overriding need in poor rural areas is for
Tow-risk, high-reliability technology. Research
results and knowledge transfer activities must
recognize this as a given factor. It must be
recognized that transfer takes place best within
countries and between countries at similar levels
of development with similar problems.

The visiting expert traveling to developing coun-
tries should stay longer as the process of trans-
fer of knowledge becomes more efficient after the
familiarization probiem is overcome.

The difficult problem of transferring knowledge
from the bottom to the top of the sociceconomic



scale deserves greater attention. In development
activities, self-reliance must be built into the
process, but villagers are Timited as to the volume
of self-help activities they can undertake.

Some other important elements that deserve further
attention are:

1. the health effects of different management
strategies,

2. the site-specific nature of most development
problems,

3. the question of equity--who pays and who bene-
fits from knowledge transfer activities, and

4, the time lag necessary between the conception

of research projects and the delivery of
results.

Policy Analysis and Recommendations

There is continuing need to improve knowledge
transfer in water resources to take greater advan-
tage of existing technology and future research
results as they are achieved. We must improve the
effectiveness of the research process in terms of
our ability to disseminate knowledge so that those
who need it can apply it. We do not have perfect
water resources management and we need to improve
the yield of water resources for energy and other
beneficial uses. No specific assessment of any TT
programs has been carried out, and the following
discussion is focused on policy and program needs
rather than on specific techniques for improving
technology transfer,

The policies adopted should encourage the effi-
cient production of timely high quality research
and the transfer of the results to water resources
managers and technical personnel who need the
technology. While it is not clear how to achieve
this goal in the context of the fragmented and
diffuse nature of the water sector, total water
technology needs should be analyzed so that ade-
quate national and international models can be
formulated. We have some models, but they have not
been implemented and may not be implementable.

An excellent model is recommended in A Plan for a
Comprehensive Water Resources Research Information
Exchange System (Banks and Wolfe, 1969)., The
report makes a detailed analysis of total water
resources information needs and presents the
results in the form of 26 recommendations and a
hypothetical model. The basic models are shown in
Figures 3 and 4. These show the recommended flow
of information on research problems in water re-
sources (research needs) and the recommended flow
of dissemination of research results. In this
present report, we are more concerned with the
means of dissemination of research results, so it
is to Figure 4 that we give most of our attention.
This figure shows OWRR (now OWRT) at the center of
the dissemination of research results picture.
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The model highlights OWRT because they were the
client for the study. Other agencies are shown in
a smaller box, and the model really includes a
place for every actor in the water resources
research business. As this model was presented
some eight years ago, it would be very interesting
to examine the extent to which it has been imple-
mented. The writer feels that the basic reasoning
leading to the model was very sound, and it needs
more aggressive implementation. The model we will
recomnend builds on this earlier recommendation
and extends some of the concepts from the perspec-
tive of eight years later. Banks' 26 recommenda-
tions are included in Appendix A.

One of the basic problems in the transfer of water
resources knowledge is that state and local gov-
ernments do not have adequate access to the re-
search results which are needed to help them solve
their problems. While many of their problems are
those of training, inadequate finances, and other
constraints, the system of delivery of technology
could be greatly improved. On Figure 4 we see
several places where state and local government
interface with the national technology system.

One is through the state institutes in technology
transfer. Another is by participation in local
sections of professional organizations. A third
is in conferences and the technology transfer
activity of national offices of professional
organizations. A fourth would be direct access to
national activities such as WRSIC. Most of these
points of access are jnadequately attended to at
the present time and sometimes not sufficiently
funded. One clear example is the state institute
activities in technology transfer. At the North
Carolina WRRI, a modest technology transfer
program is underway at an average annual cost of
about $50,000. About three times this figure
would be needed to do a satisfactory job. Most
state water research institutes have Tittle, if
any, technology transfer programs because of the
absence of funding and other constraints.

Another serious problem in the transfer of knowl-
edge at the local level and to state and Tocal
governments is that the role of the professional
associations has never been adequately recognized.
These associations represent the constituencies
and users for water resources research results
much better than any federal or state office
might. These include, among others, organizations
such as AWWA, WCPF, APWA, and ASCE. These organi-
zations have credibility among the users of tech-
nology because they are organizations of the users
themselves. It seems to the writer that U.S,
Federal agencies have generally bypassed the pro-
fessional associations except for some isolated
incidents. The professional associations have
inadequate input to Federal water resources
research programs and have developed staffs which
sometimes propose innovative projects much as
another organization might. The utilization of
professional associations needs a great deal more
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attention. This is one of the key points in the
national model to be presented now.

Figure 5 shows a hypothetical national U.S. water
knowledge transfer system. The model contains
Tittle that is new but seeks to clarify the ideal
flow of water knowledde with particular emphasis on
state and local government. It also highlights
three additional entities in a clearer fashion than
before. These are the professional associations;
state water resources institutes, academic depart-
ments, and other firms that serve the water knowl-
edge consumer with a geographical focus; and
national technology transfer centers such as WRSIC.
There are some differences between this model and
the one from Banks' study; but by and large, the
models are showing the same general patterns.
Banks' model was shown in greater detail. This
present model is meant to demonstrate trends which
should be improved.

The model begins with the knowledge producer func-
tion and is Taid out like the familiar economics

market mechanism flow chart showing how prices are
established through the supply and demand markets.

The knowledge producers include those Federal
agencies who invest in:water resources research.
These investments currently amount to about $225
million; but as we pointed out earlier, they are
only a part of the substantially greater knowledge-
producing activities underway in the country.
Therefore, the knowledge producers should not be
regarded as just Federal agencies; they include all
places where knowledge is produced. We include
federally financed university research in the above
discussion. The sources that are lacking are state
and local government activities and activities by
private industry (within or outside the university)
where knowledge is produced but not currently iden-
tified, captured, and transferred. Many mission
agencies develop technology for their own use. The
double-Tined arrow loop on top shows the internal
consumption of the technology produced by these
mission agencies. There are some cases where
1ittle transfer is expected.

Knowledge generally flows from the producers to the
consumers. In the past, much water resources man-
agement was carried out by the Federal Government.
This responsibility is increasingly passing to
state and local government now, and the trend will
no doubt continue. Knowledge consumers should be
recognized primarily as state and local agencies
and the private firms that serve them. Some Feder-
al agencies remain, of course, clients to consume

the knowledge produced by other agencies. The con-

sumer sector includes practically everyone--water
resources managers, engineers, researchers, techni-
cians, operators, etc. They look for knowledge
transfer activities with functional and geographi-
cal focal points. The geographical focus offers
nearby technical activities for participation
whereas the functional focus allows access to best
technology in particular problem areas. Let us
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begin with the functional focus. Here, we intro-
duce a major point of this discussion.

It was pointed out earlier that with the exception
of journal articles, professional associations
have had Tess role in the transfer of knowledge
than they should. Professional associations are
the leaders, and their members represent cutting
edges 'of applied knowledge in particular water
sectors. As an example, the American Water Works
Association is regarded as a national and world
leader in the technology of supplying water. The
AWWA represents a constituency of nearly 30,000
water professionals who collectively know more
about this problem than any other group. It has a
research foundation and is active in training and
information transfer. It is interested in devel-
oping literature services and maintaining a repos-
itory of documents representing the best available
in this problem area. A paper by AWWA Executive
Director Johnson (Appendix C) describes AWWA
knowledge transfer activities. The Water
Pollution Control Federation {WPCF) has a journal
recognized as the best in the world in water
pollution control technology. In addition, it has
other activities similar to AWWA. Other profes=-
sional associations are active as well. The
American Public Works Association, although it
operates across the board in public works manage-
ment activities, is probably the best source of
practical drainage and flood control activities.
ASCE through its urban water resources research
council has probably done the most advanced
research on this topic and needs to cooperate
better with APWA since APWA represents the public
works constituency that implements the drainage.

These professional associations need greater roles
in the transfer of knowledge. Possibilities for
expansion include: (1) the expanded collection
and processing of new research literature to
deliver it to their constituencies in Jjust the -
forms needed; (2) operation of literature capture
and dissemination services, on a centralized basis
in cooperation with a federal center; (3) opera-
tion of training courses for constituencies in
cooperation with water resources research insti-
tutes and other local groups; (4) state-of-the-art
research on topics not covered by other agencies.

Let us turn now to the entities known as national
technology transfer centers shown on Figure 5.
There are several possibilities for such centers
and different needs. WRSIC represents one such
center for scientific. and technological informa-
tion. One deficiency in WRSIC is that it does not
have a formal mechanism to interact with profes-
sional associations to capture and disseminate
practical how-to knowledge that is available in
the user constituencies. If it had such a mecha-
nism, it might find that it would be used more
heavily by these people. It is proposed that
WRSIC develop a mechanism for locating, proces-
sing, capturing, and disseminating the best tech-
nology produced and implemented by Tocal water
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supply, wastewater, and drainage managers. This
will probably require some financing to stimulate
the pouring out of this technology, and no proposal
is given here as to how this can be done. What we
are really describing is the experience and suc-
cesses that these managers have which could be
shared with others.

It is well known that water resources managers con-
fronted with difficult problems do not as a general
rule search the literature for solutions. A much
more popular solution is to find out who has solved
that problem and call them on the telephone. One
possibility for WRSIC might be to distribute a list
of key contact persons who have solved particular
problems and refer inquirers to these persons.

This would, in effect, be a telephone referral ser-
vice. The old saying "it's not what you know but
who you know" operates in the water management sec-
tor as well.

One other example of a national center will be
given. The U.S. Army Corps of Engineers operates
the Hydrologic Engineering Center (HEC) in Davis,
California. This center engages in technology
development and transfer on a practical basis. The
concept was described by Leo R. Beard (1977) as a
center of competence {Appendix B). Beard developed
the concept of the HEC and presents principles upon
which such centers should be developed. The HEC is
a highly successful experiment in the development
and transfer of technology, especially in computer-
based hydrologic modeling. 1In the opinion of the
writer, some of the best models have been developed
by HEC and the Corps; and the dissemination and
application of these techniques is, without a
doubt, very successful. Short courses and work-
shops are offered in general topics which utilize
the models but are not restricted to them.

The HEC is limited in its scope and capacity and is
not well located to serve the population centers of
the East Coast. The HEC needs to be augmented by a
new center located on the East Coast in the center
of the population distribution. This HEC-Eaet
should have an expanded role to include the devel-
opment and dissemination of techniques developed by
agencies other than the Corps as well as those
developed by the Corps. Such a new center would
include models and techniques developed by EPA and
Interior as principal additions and would seek to
meet the training and technology transfer needs of
state and local government as well as Federal gov-
ernment in cooperation with the HEC. As the budget
of the HEC is some $1 million annually, it is
envisioned that such a new center might require
approximately $2 million annually, bringing to $3
million the total expenditure for technology trans-
fer and training in this sector. It is the gpinion
of the writer that the effectiveness of this $3
million investment would be many times that of the
same sum directly spent on research. The activi-
ties of the new center might be linked to WRSIC and
might include the preparation of state-of-the-art
reports and other technology development and
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transfer activities. There may be a requirement
for additional centers on the West Coast as well.

Obviously, there is a need to utilize water mana-
gers better in the research needs identification
and technology transfer processes. The apparent
first step is to improve the inputs of the exist-
ing professional associations into the knowledge
transfer process. A second need is to inventory
the coverage of the professional association to
see if participation by all sectors of the water
management community can be improved. It is well
known that such participation is inadequate and
incomplete, The writer does not know the approxi-
mate figures but estimates that about one in three
water practitioners actually participates in the
appropriate professional associations. Some prob-
lem areas are not covered by professional associa-
tions. Others are covered by political organiza-
tions rather than professional organizations. An
example of this is found in the category of state
water resources managers. In this group we
include water resources development and management
and water pollution control., It might be argued
that organizations such as the Interstate
Conference on Water Problems or the Association of
State and Interstate Water Pollution Control
Administrators meet the needs. These organiza-
tions are apparently more for the purpose of coor-
dination than for professional development at the
present time. It might also be argued that these
state officials have their professional develop-
ment needs met by participating in professional
associations. A close examination would probably
reveal that deficiencies still exist, particularly
in terms of lack of organization to develop
research needs and to process and disseminate
water resources knowledge. The writer does not
propose that the operation of the existing organi-
zations is not good. Certainly, many administra-
tors participate actively. However, as shown on
Figure 6, no single professional association
serves this sector. It is proposed that the
organizations ICWP and ASIWPCA could jointly
develop a professional association activity to
complement their current organizational activity.

If state and local government are continually to
carry greater portions of the water management
burden, certainly greater attention should be
given to organizing them to have inputs to the
research process and to participate actively in
knowledge transfer. We must eliminate the commun-
ications problems that exist between federal
agencies, universities, and state and local water
managers. New and innovative national approaches
are needed to this general problem. One such
innovative approach might follow the model of the
American Society for Civil Engineers. We dis-
cussed earlier the concept of the teechnological
gate keeper as presented by Allen (1977). Recall
that the technological gate keeper was that person
or persons located in organizations who has the
greatest interest in new technology and who com-
municates well. The ASCE through its Urban Water



Resources Research Program directed by Murray
McPherson has developed an approach such as this in
cooperation with state and local government.
McPherson has developed a group of cooperators,
most of whom are in agencies or universities or
consulting firms, who serve as these gate keepers.
He does not use that terminology; but in fact, the
system works the same. McPherson serves to col-
lect, process, and disseminate new technology to
these gate keepers. He has done this through his
series of technical memoranda which now number in
the thirties. There have been a number of addi-
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tional reports as well. Although his program has
suffered from difficulties in developing adequate
financing in recent years, it should be recognized
as an excellent innovation with considerable prom-
ise as a national model, McPherson is a gate
keeper himself with the ability to operate nation-
ally, and his drive is the single key factor
behind the success of the program. The model
could be operational, however, if given adequate
financial attention, organized properly, and oper-
ated by the right personnel.
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Concept of a Water Resources Research Information Exchange System

The most effective system for disseminating research
information and communicating information on research needs
among users, researchers, and research administrators would
be one which provides both National and local levels of
communication. In the National level system, organizations
having country-wide facilities and interests such as professional
organizations, National technical magazines, various informa-
tion communication services, and OWRR would work together to
disseminate information obtained in one locality to potential
users in other regions, to gather information on water problems
of national concern, and to provide those information exchange
services which are otherwise beyond the capacity of local
agencies. At the local level, the State Institutes, with
Federal financial assistance, would be responsible for
augmented information dissemination and retrieval programs
and would work with local sections of their professional
societies, news media, and various other communication devices
available to them as a result of their connection with an
university.

This concept of a two level--National and local--
information exchange system will reach the greatest number
of potential users and will provide an opportunity for multiple
contact with the same individual user. Plates I and II
illustrate the recommended flow of information on research
needs in water resources and recommended means for disseminating
research results using the two-level concept.

An Information Exchange Program for OWRR-Sponsored Research

Based on the studies and findings reported in this
report, and utilizing the concept proposed for a two-level
information exchange system, establishing and carrying on an
effective water resources research information exchange system
for the OWRR program would involve the following actions:

(1) TINFORMATION EXCHANGE IS AN IMPORTANT AND INTEGRAL
ASPECT OF A WELL BALANCED RESEARCH PROGRAM, AND OWRR SHOULD
MAKE A DETERMINED EFFORT TO SECURE THE NECESSARY LEGISLATIVE,
ADMINISTRATIVE AND FINANCIAL SUPPORT TO GREATLY EXPAND ITS OWN
INFORMATION EXCHANGE SYSTEM AND SHOULD ENCOURAGE THE STATE
INSTITUTES TO AUGMENT THEIRS.

The following quotation taken from "Science, Government
and Information" prepared by the President's Science Advisory
Committee in 1963, sets forth the proper role of information
exchange in relation to a research program:
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"Transfer of information is an inseparable part of
research and development. All those concerned with
research and development-individual scientists and
engineers, industrial and academic research estab-
lishments, technical societies, Government agencies-
must accept responsibility for the transfer of
information in the same degree and spirit that they
accept responsibility for research and development
itself. The technical community generally must
devote a larger share than heretofore of its time
and resources to the discriminating management of
the ever-increasing technical record. Doing less
will lead to fragmented and ineffective science and
technology."

All evidence indicates that the existing information ex-
cnange system for water resources research needs to be expanded
in order to avoid '"fragmented and ineffective science and

technology." OWRR may not have all of the legislative, admin-
istrative and financial support necessary to expand its
information exchange activities along the lines recommended

in this report, and should seek any necessary authorizations
and appropriations. OWRR should assist the Directors of the
several State Institutes in providing better dissemination of
research findings and in achieving broader understanding of
problems requiring study, and should encourage them to under-
take. expanded programs.

(2) OWRR AND THE STATE INSTITUTES SHOULD ADOPT AND
IMPLEMENT THE TWO-LEVEL CONCEPT OF A WATER RESOURCES INFOR-
MATION EXCHANGE SYSTEM PROPOSED IN THIS REPORT. OWRR
SHOULD ASSUME RESPONSIBILITY FOR THE NATIONAL AND REGIONAL
DISSEMINATION OF RESEARCH RESULTS OBTAINED BY STATE INSTITUTES
AND TITLE II CONTRACTORS, AND FOR SECURING INFORMATION ON
NATIONAL PROBLEMS REQUIRING WATER RESOURCES RESEARCH. THE
STATE INSTITUTES SHOULD BE RESPONSIBLE FOR EXCHANGE OF WATER
RESOURCES RESEARCH INFORMATION AT THE LOCAL LEVEL.

Plates I and II of this report, which illustrated the
recommended systems for flow of information on research problems
and for dissemination of research results, showed the recom-
mended roles of OWRR in the National information exchange
system and of the State Institutes in the local level system.

No formal procedure exists at the present time for National
dissemination of water resources research results obtained
by the 51 State Institutes and by Title II contractors.
Thus, a large body of useful information is not being made
fully available to potential users.
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Since OWRR has nation-wide responsibilities and
interests in water resources research, it is the logical
agency to carry out National and regional aspects of a
comprehensive research information exchange system. The
State Institutes are the logical agencies to carry out a
water resources research information exchange program at
the local level.

The recommended system for flow of information on
research problems is intended to apply to all types of
problems, not merely those of particular concern to OWRR.
With this information, the State Institutes will be in a
better position to formulate their own research programs,
and OWRR will have a better basis for establishing its
research priorities and will also be able to provide advice
and counsel to other Federal water research agencies.

The recommended systems for disseminating research
results should be applied to all results obtained from
research conducted through the various State Institutes
and by Title II contractors. Although some of the water resources
research conducted by State Institues may not be funded through
OWRR, the lack of formal nation-wide dissemination pro-
cedures suggests that OWRR should undertake the obligation
for such dissemination. In those cases where the research
has been sponsored by some other Federal agency, OWRR should
ascertain whether that agency intends to make a country-
wide dissemination, and, if not, and the results merit wide
distribution, then OWRR should include the report in its
own National and regional information dissemination program.

(3) THE INFORMATION EXCHANGE SYSTEMS OF OWRR AND THE
STATE INSTITUTES SHOULD INCLUDE USE OF AS MANY MEANS OF
COMMUNICATION AS POSSIBLE BETWEEN POTENTIAL USERS AND
RESEARCHERS SUCH AS PUBLICATIONS, PROFESSIONAL ORGANIZATIONS,
NEWS MEDIA, CONFERENCES, SEMINARS, AND AVAILABLE INFORMATION
DISSEMINATION SERVICES.

An effective information exchange system must provide
a variety of means for communicating information on research
needs and disseminating findings resulting from research
projects. The results of the User Awareness Survey show
that many methods are used by potential users for obtaining
research results; no user limits his acquisition of research
information to a single method. Similarly, a wide variety
of channels should be available to those in the water industry
for transmitting information on problems to the researchers.
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(4) OWRR AND THE STATE INSTITUTES SHOULD RECOGNIZE
THE DIFFERENCE IN SIGNIFICANCE OF REPORTS AND IN THE QUALITY
OF RESEARCH, AND SHOULD ADOPT DISSEMINATION PROCEDURES TAKING
THESE FACTORS INTO ACCOUNT.

There is basic research and applied research, and not
all classes of potential users are necessarily interested
in both types. Similarly, not all basic research or applied
research is of the same caliber and quality. Réeports
should be judiciously examined by OWRR to determine those
that merit extensive National or regional dissemination,
those that should be given only limited distribution, and
those which simply should be cataloged for future reference.
The State Institutes should similarly provide for dissemination
programs geared to the type and quality of research.

(5) OWRR SHOULD ORGANIZE ITSELF TO CARRY OUT AN
AUGMENTED RESEARCH INFORMATION EXCHANGE SYSTEM.

At the present time, there is no single focal point
within OWRR for information exchange activities. -The proper
management of information gathering and disseminating programs,
particularly of the size and magnitude recommended herein,
requires that the responsibility for such programs be
specifically assigned within the organization. OWRR could
establish and staff a new division or post at a high level
in its organizational framework to coordinate information
gathering and dissemination activities, to publish a newsletter,
to prepare press releases and technical articles, to work with
professional organizations, and to do all other things to
carry out its recommended augmented role in the research
information exchange system, or it could assign such acti-
vities to one of its existing divisions.

The Water Resources Scientific Information Center
(WRSIC) is the logical division of OWRR to be delegated the
prime responsibility for carrying out the augmented information
exchange program. WRSIC is already carrying out most of the
information dissemination functions of OWRR and has estab-
lished relations with various outside groups such as the
Science Information Exchange and the Commerce Clearinghouse.
The staff of WRSIC would have to be expanded to carry out
the program recommended herein.
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(6) OWRR SHOULD ORGANIZE ITS OWN CONTINUING ADVISORY
COMMITTEE, CONSISTING OF REPRESENTATIVES OF STATE AND LOCAL
WATER AGENCIES, PROFESSIONAL AND TECHNICAL ORGANIZATIONS,

AND OTHER NON-FEDERAL GROUPS SUCH AS CONSERVATION ORGANIZA-
TIONS HAVING AN INTEREST IN WATER RESOURCES RESEARCH AND THE
APPLICATION OF FINDINGS DERIVED THEREFROM.

The consensus among knowledgeable persons in the water
research field is that a broadly-based advisory committee
is valuable for obtaining information on research needs and
for disseminating information on research findings. The
special panel which OWRR convenes once each year to review
its activities and program for the previous year does not
have continuity of membership and does not meet frequently
enough to provide the full effectiveness which can be obtained
from a large advisory committee composed of a variety of
individuals with varied backgrounds appointed to serve for
a longer period of time. OWRR should make some provision for
paying for the time and expenses of members appointed to serve
on an advisory committee in the event the organizations
they represent are unable or unwilling to do so. The
advisory committee envisioned herein should be asked to
provide meaningful guidance to OWRR in formulating the
research program, reviewing research proposals, developing
augmented information exchange activities, fostering suitable
relationships with other water-related programs and organizations,
and in other matters relating to the mission of OWRR. The
principal advantage of such a committee to OWRR would be its
use to disseminate information about the OWRR program and
pertinent research findings derived therefrom. It is expected
that each of the advisory committee members would report to
his parent body from time to time, thus providing several
additional paths for increasing user awareness of the program.

(7) OWRR SHOULD DEVELOP FORMAL PROCEDURES FOR OBTAIN-
ING INFORMATION ON RESEARCH NEEDS AT NATIONAL AND LOCAL LEVELS.

At present, OWRR obtains information on research needs
mostly by incidental means such as through membership of
its staff members on various committees or by personal con-
tacts with representatives of various ovganizations in the
water industry. A more formal procedure following the scheme
shown on Plate I should be established. At the National level,
the formal procedure should provide for participation by various
professional societies such as ASCE which have committees
devoted to the development of information on research problems,
should make use of an OWRR advisory committee, and should
allow communication with Federal, State, and local water
agencies and with the State Institutes with their own more
formalized information~gathering procedures. OWRR should also
continue to have special studies made of research needs in
specific fields. OWRR should summarize the information it




LEEDS, HILL AND JEWETT, INC.

obtains on research needs and make it widely available.

(8) OWRR SHOULD SPONSOR THE PREPARATION AND PUBLICATION
OF "STATE-OF-THE-ART" REPORTS SUMMARIZING RESEARCH FINDINGS
IN A SPECIFIC FIELD AND THEIR APPLICATION.

It is not easy for the general user of research results
to meld the research findings pertaining to a given subject
from the multitudinous source documents, nor does he usually
have the time. OWRR could provide a useful service by
having reports prepared periodically which summarize the
many separate findings in a given field. OWRR has financed
such studies in the past primarily for the purpose of
identifying additional subjects needing research. The State-
of-the-art reports recommended herein are aimed at bringing
together in one place, and making understandable to the
potential user, the interrelationship among many independent
studies and their ‘applicability and value in the solution of
current problems. Such reports should be distributed to
researchers as well as to potential users.

It is probable that at least some of the professional
organizations with interest in water problems would publish
and disseminate such reports to their membership, particularly
if some financial support were provided for printing. '

Such State-~of-the-~art reports might be in the form
of demonstration projects, wherein methodology and techniques
developed in recent research studies are applied to "real iife"
problems, and the new procedures evaluated by comparison with
more conventional methods.

(9) OWRR SHOULD DEVELOP A PROGRAM FOR INFORMING NON-
TECHNICAL ADMINISTRATIVE PERSONS SUCH AS STATE OFFICIALS, MAYORS,
COUNTY SUPERVISORS, FISCAL AGENTS, ETC., OF THE VALUE OF USING
WATER RESOURCES RESEARCH FINDINGS IN THE SOLUTION OF LOCAL
WATER PROBLEMS

Such a program would help in overcoming one of the
constraints on use of research findings: the lack of under-
standing and initiative of local officials to accept or allow
the use of new méthods, or to provide a climate conducive
to change. A series of easily understood brochures, articles,
or news releases describing the research program and pointing
out some .of the more dramatic findings would help in creating
an appreciation of research within local political and
administrative structures. This information should be made
available to the organizations and publication which normally
reach these greoups. '
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There are many National and local organizations which
have contact with non-technical state and local officials
such as the League of Women Voters, National Association
of State Budget Officers, National Association of State
Purchasing Officials, County Supervisors Association, and
League of California Cities, to name a few. By working
with such groups, OWRR and the State Institutes could enhance
the appreciation of water resources research among persons
in responsible administrative capacities. Board members from
the many local water districts and agencies can be reached through
such organizations as the Irrigation Districts Association of "
California, the National Reclamation Association, the Ground
Water Institute, and the National Association of Soil
Conservation Districts.

‘Information prepared for presentation to such organ-
izations should stress particularly the cost savings which"
might be expected, or the improved service which could be
provided, if a specific research finding were utilized. If
possible, the presentation should use examples of actual cost
savings or improved services realized by specific users of
research results.

(10) OWRR SHOULD NOT REQUIRE TITLE II CONTRACTORS
TO DISSEMINATE RESULTS OF THEIR OWN FINDINGS, EXCEPT FOR
DISTRIBUTION OF FINAL REPORTS TO CERTAIN DESIGNATED AGENCIES,
AND SHOULD ASSUME ALL DISSEMINATION OBLIGATIONS.

A special problem of research dissemination occurs
in the Title II program. While many of the contractors in
this program are universities or large organizations with
capabilities and experience in disseminating research findings
to potential users, others are private research organizations,
engineering firms, or individuals without such background.
As a general rule, OWRR should assume the responsibilities
for disseminating Title II findings, other than the transmittal
of reports to OWRR and each State Institute, which should be a
contractual obligation of the research agency. OWRR should
work with State Institutes to develop procedures for local level
dissemination of Title II findings.

It is expected that some Title II contractors will vol-
untarily disseminate the findings of their research projects
by distribution of reports, presentation of papers at meetings
of professional organizations, participation in seminars
and conferences and other means. OWRR should encourage such
dissemination, and take it into account when planning its
own dissemination program for the findings. ‘
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(11) OWRR SHOULD PUBLISH AND DISTRIBUTE A MONTHLY OR
QUARTERLY NEWSLETTER CONTAINING INFORMATION OF GENERAL
INTEREST ABOUT THE OWRR AND STATE INSTITUTE PROGRAMS, SUCH
AS NOTICES OF NEW STUDIES UNDERWAY, SUMMARIES OF RECENT
FINDINGS OR NEW TECHNIQUES, ANNOUNCEMENTS OF MEETINGS OR
PLANS FOR FUTURE STUDIES, AND OTHER NEWS OF CURRENT INTEREST
TO RESEARCHERS AND PRACTITIONERS.

The newsletter should be distributed to State and
local water officials, private engineers, lawyers, biologists,
planners, magazines, professional organizations, news media
and others interested in water development or engaged in
dissemination of information on research findings. A
National newsletter on water resources research would provide
a means whereby persons in one region of the country could
become aware of happenings in another part; a newsletter
would also assist the development of an interest in research
programs among potential users. It would undoubtedly be
used as a source document by various commercial and trade
association newsletters.

The compilation, publication and distribution of
such a newsletter would require a specialized staff of public
information writers, and necessary funds for printing and
mailing. ’

(12) OWRR SHOULD PREPARE EASILY UNDERSTOOD TECHNICAL
ARTICLES BASED ON REPORTS PREPARED ON RESEARCH STUDIES
HAVING WIDE INTEREST CONDUCTED UNDER ITS AUSPICES, FOR
PUBLICATION IN NATIONALLY-CIRCULATED TECHNICAL MAGAZINES.

One of the popular ways for obtaining information on
research results is through articles in technical magazines
such as Engineering News Record, The American City, Public
Works, Water and Sewer Works, and Water and Wastes Engineering.
Such articles serve to alert potential users of the availa-
bility of research on a topic which may be vital to them.

Well written articles would be published by various Nationally
circulated magazines and thus would receive wide circulation.
It is improbable that the researchers themselves could all

be induced to write such articles, or would have the talent

or inclination needed to do so. A team of technical writers
would be required in order to identify those reports which
could be used as a basis for such articles and to prepare the
necessary write-up. It is possible that the State Institutes,
by using the services of the public information office at the
University at which they are located, could prepare such
articles.
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(13) FOR STUDIES APPEARING TO HAVE SPECIAL MERIT AND
WIDE APPLICATION, OWRR SHOULD ENCOURAGE THE RESEARCHER TO
PREPARE A PAPER FOR PUBLICATION IN A JOURNAL OF A DESIGNATED
PROFESSIONAL ORGANIZATION AND/OR PRESENTATION AT A CONFERENCE
OR MEETING OF THAT ORGANIZATION.

As noted earlier in this report, reading journals of
professional organizations and attending their conferences
are two of the primary methods for obtaining information
on research results used by many potential users of such find-
ings, In the past, OWRR has allowed individual researchers to

decide whether or not to prepare a professional paper and
to choose the organization to submit it to for presentation

or publication. This policy has sometimes resulted in
publication of findings of widespread interest in jourmnals
of limited distribution, and thus hampered effective dissemin-

ation.

The staff of OWRR is probably in a better position to
assess the audience which can profit most by a given research
report than is the researcher or even the Director of a
State Institute. Following review of final reports submitted
to it, OWRR should determine if the results warrant prepara-
tion of a professional paper. OWRR should also select the
professional society which it believes would be most appropri-
ate for publication of the research results, and suggest to
the researcher that a professional paper based upon his
research report be submitted for publication or be read at
an appropriate conference., OWRR might finance the preparation
of such a paper as a means of encouragement.

(14) OWRR, EITHER SINGLY OR JOINTLY WITH PROFESSIONAL
ORGANIZATIONS, THE ENGINEERING FOUNDATION, STATE INSTITUTES,
OR OTHER AGENCIES, SHOULD SPONSOR PERIODIC NATIONAL OR
REGIONAL SEMINARS OR CONFERENCES TO PRESENT RESEARCH FINDINGS
OBTAINED FROM OWRR-SPONSORED AND OTHER STUDIES, AND TO ALLOW
INTERCHANGE OF IDEAS BETWEEN RESEARCHERS AND POTENTIAL USERS.

One of the most effective methods for transmitting
information on research findings to potential users is through
conferences or seminars where there is an opportunity for
dialogue between the user and the researchers. Such meetings
also provide the opportunity for researchers to obtain infor-
mation from users as to current problems which may require
further study. The study reported by Carter and discussed
in an earlier section of this chapter points up the need for
face-to-face meetings between researchers and potential
users before results can be applied. The various professional
organizations and the Engineering Foundation are already
organized to conduct national meetings and conferences, and
most of the State Institutes have conducted local seminars,
conferences and meetings. It is probable that OWRR, working
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with these groups, could make use of their organizational
structure and knowledge of techniques for conducting
successful meetings. OWRR would have to take the initiative
in selecting subjects suitable for presentation at such
meetings and securing necessary speakers.

(15) OWRR SHOULD EXPLORE THE FEASIBILITY OF
FINANCIALLY ASSISTING PROFESSIONAL ORGANIZATIONS IN PUB-
LISHING RESEARCH PAPERS RESULTING FROM OWRR-FINANCED STUDIES,
IN CONDUCTING CONFERENCES OR SEMINARS TO DISSEMINATE FINDINGS,
OR IN DEVELOPING AND CONDUCTING TRAINING COURSES IN NEW METHODS
OR TECHNIQUES. THE AMERICAN SOCIETY OF CIVIL ENGINEERS,
AMERICAN WATER WORKS ASSOCIATION, AMERICAN WATER RESOURCES
ASSOCIATION, AND WATER POLLUTION CONTROL FEDERATION SHOULD
BE CONTACTED INITIALLY IN DEVELOPMENT OF SUCH A PROGRAM.

The majority of potential users of water resources
research results belong to one or more of the four professional

organizations named above. The publications of these societies
and the meetings they sponsor offer ready-made vehicles for
disseminating information on research findings. The Federal

Water Pollution Control Administration has established a
precedent for financially assisting the publication of
research papers by professional societies through its assis-
tance to the Water Pollution Control Federation. OWRR

might achieve. valuable dissemination of its research
findings at minimal cost by using the services of the
professional groups, but this might require some financial
assistance,.

ASCE, for example, has the demonstrated capability
to develop training courses in new techniques but does not
have sufficient funds of its own to undertake the development
of many such courses. OWRR could provide financial assis-
tance to ASCE and other professional organizations in working
out educational courses for use by the members of these
societies in new techniques resulting from research sponsored
by OWRR.

(16) OWRR SHOULD ESTABLISH A STANDARD FORMAT BASED
ON THE GUIDELINES PROMULGATED BY COSATI IN DECEMBER 1968 FOR
ALL FINAL REPORTS PREPARED ON EACH STUDY CONDUCTED UNDER ITS
AUSPICES.,

There is no standard format used for publication of
final reports- prepared by researchers working on studies
financed wholly or in part by funds supplied through OWRR.

In fact, OWRR has accepted publication of research findings
in professional journals or in graduate theses as meeting
requirements for publication of a final report. As a result,
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there is no single series of reports which can be identified
as those published under OWRR auspices, or even by a given
State Institute. Also, many of the reports which have been
submitted to OWRR are lacking in supporting details and
documentation. The space restrictions imposed by many
professional journals often limit the thoroughness of
presentation.

Establishment of a standard format for final reports
would assure uniformity of presentation, encourage com-
pleteness, and would facilitate microfilming and reproduction
by the Commerce Clearinghouse. COSATI, the Committee on
Scientific and Technical Information of the Federal Council
for Science and Technology, published "Guidelines to Format
Standards for Scientific and Technical Reports Prepared by
or for the Federal Government' in December 1968.

OWRR could use the COSATI standards as a basis for
its own standards, making such modifications as might be
necessary to allow for the separate series-type reports
issued by many of the State Institutes and other special
situations pertinent to the OWRR program. It is specifically
recommended that publication of a professional paper or
graduate degree thesis not be accepted as a final report.

(17) OWRR SHOULD PUBLISH PERIODIC CUMULATIVE INDEXES
TO ALL REPORTS PUBLISHED UNDER ITS AUSPICES. \

As noted earlier in this report, OWRR does not have
available for public distribution a single list of all reports
which have been submitted to it. It should remedy this
situation as soon as possible and, in addition, should
provide a series of indexes by subject matter, by investi-
gator, by responsible agency, etc.  These indexes should be
brought up to date peridically, and Ye given wide distribution.

(18) OWRR SHOULD REQUIRE OR ASSURE THAT COPIES OF
ALL SUBSTANTIAL PROGRESS AND FINAL REPORTS ON RESEARCH PROJECTS
CONDUCTED USING ITS FINANCIAL ASSISTANCE (ALLOTMENT PROGRAM,
MATCHING GRANT, AND TITLE II) ARE DISTRIBUTED TO AT LEAST
THE FOLLOWING AGENCIES: OWRR, EACH STATE INSTITUTE, THE
CLEARINGHOUSE FOR FEDERAL SCIENTIFIC AND TECHNICAL INFORMATION,
AND THE ENGINEERING SOCIETIES LIBRARY.

A comprehensive research information exchange system
must make provision for making technical reports available
to the many potential users of research findings. This can
be accomplished both by distribution of the reports and by
creation of libraries for use of those needing only occasional
reference service.
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