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PLANNING WATER

RESOURCE SYSTEMS

by Daniel P. Loucks

Water: too much, too little, or too contami-
nated. Throughout the world, these are the
conditions that have always preceded
water resources planning and develop-
ment. To meet the demands for just the
right quantity and quality of water at a par-
ticular location and time, engineers—with
the help of economists, political scientists,
lawyers, conservationists, and the like—
have gained considerable experience in
designing, constructing, and operating
structures that will better manage our
natural water supplies.

The incentive to plan for increased con-
trol of any water body often follows a
major disaster. Witness, for example, the
interest in the proposed Tocks Island Res-
ervoir project in the Delaware River Basin.
After the hurricanes of August 1955, the
reservoir was promoted as an important
part of the Delaware flood control system.
After the Northeast drought of the early
1960s, it was advocated as a means of pro-
viding additional water and preventing sa-
linity intrusions that would affect the water
supply of Philadelphia. But over the past
decade, there have been no floods or
droughts in the Delaware Basin, and
attention has shifted to questions of lake

eutrophication, land use in an intensive re-
creation area, high traffic densities, noise,
loss of wild rivers, and similar environ-
mental concerns. A reservoir project that
was once generally supported is now ex-
periencing considerable opposition. It may
take another disaster before the proposed
Tocks Island project will again command
the public interest and support it was given
in the 1950s and 1960s.

Political officials and administrators
prosper by solving short-term crises, not
long-term problems whose solution may
politically benefit someone not yet iden-
tified, let alone elected. Also, there is more
public support for short-term planning,
since the public too has a relatively short
memory. For example, there is far more
enthusiasm for flood protection following
a major flood than during a drought. A
pumped storage facility for hydroelectric
power has a much greater chance of being
approved after a major power outage than
before such an outage.

Following crises that often trigger the
planning process, citizens' review com-
mittees, planning boards, advisory
groups, and public hearings may all help
sustain the momentum needed to obtain

governmental support for, and participa-
tion in, water resources planning. But just
as rapidly as public support develops for
investments in engineering structures for
controlling and managing water, environ-
mental and preservation interest groups
emerge to critically question the wisdom
of such potential investments. The concern
of these groups is not limited to the conser-
vation and preservation of scenic areas and
wild rivers, but includes the broad regional
impacts that could result from changes in
air and water quality, noise levels, land
use, transportation, and the like. Even if
the issue is the control of water pollution,
which everyone considers a desirable goal,
the opposition will certainly include some
of those who must pay for it.

Water resources planning, therefore,
involves not only multiple purposes, but
also multiple objectives. Different people
have different goals. Planning for
maximum net economic benefits ktto
whomsoever they accrue," once the pri-
mary goal of water resources development
programs, is no longer sufficient: it mat-
ters who pays and who benefits. Issues of
equity, redistribution of national wealth,
environmental quality, and social welfare 2



". . . systems methodology must be viewed

as a flexible tool adaptable to changing

circumstances as they are perceived.

may be just as important as economic effi-
ciency . It is clearly impossible to develop a
single objective that will satisfy all vested
interests, all adversaries, and all political
and social viewpoints.

DEFINING AND EVALUATING
ALTERNATIVE PLANS

Increased public involvement in water re-
sources planning has changed the manner
in which engineers approach this task. It
has forced tradition-bound planners and
designers to widen their horizons, to
examine not just one or two alternative
plans, but a whole range of alternatives. It
has shifted much of the responsibility for
making choices from the engineers or
planners to the politicians or public offi-
cials who were elected for just that pur-
pose. Even though engineers and planners
play an important part in the decision-
making process, it is the elected politicians
who are responsible and accountable for
decisions that involve compromises
among various public interests.

Water resource engineers and planners
must not only provide an increased number
of viable alternatives for the appropriate

3 public officials to consider; they also must

carefully evaluate the economic, environ-
mental, and other impacts that might result
from each alternative. Today we study
river basins, lakes, estuaries, and other
water resource systems with a greater
awareness of their complexity, of their
sensitivity and adaptability to exogenous
forces, and of our own limitations in un-
derstanding how they actually behave.
This awareness is humbling, but it is also a
challenge that has stimulated the develop-
ment of new analytical tools and
methodologies for defining and evaluating
alternatives for managing such systems.

WATER RESOURCE SYSTEMS
STUDIES AND THEIR USE

Cornell professors and students have had
an active role in the development of water
resources systems methodology. But we
and our colleagues at other universities and
research institutions make no claim that
the use of these tools alone will guarantee
optimal plans for water resources de-
velopment and management. Because ob-
jectives differ, optimal plans simply do not
exist. What our methodology can do is to
define and evaluate, in a rather detailed
manner, numerous alternatives that repre-

sent various compromises among conflict-
ing management objectives. Thanks to
recent improvements in the computational
speed and capacity of electronic comput-
ers, as well as improvements in the theory
of mathematical modeling and solution
procedures, this can usually be done at far
less cost in time and money than ex-
perimentation or physical modeling would
entail.

Although the systems approach to water
resources planning does not restrict itself
to mathematical modeling, models do
exemplify the approach. They can repre-
sent in a fairly structured and ordered
manner the important interdependencies
and interactions among the various control
structures and water users of a water
resource system. Models permit an eval-
uation of the economic and physical
consequences of alternative engineering
structures, of various operating and alloca-
tion policies, and of different assumptions
regarding future flows, technology, costs,
and social and legal requirements. While
this systems methodology cannot define
the best objectives or assumptions, it can
provide a fairly good indication of the best
decision, given those objectives and as-



sumptions. The decision-making debate
can then focus on the identification of the
best objectives and assumptions.

In acknowledging the role of systems
methodology in the water resources
planning process, we recognize also the
inherent limitations of models as represen-
tations of any real problem. The input
data, including objectives and other as-
sumptions, may be controversial or uncer-
tain, and of course the input affects the
output. I am not discussing the garbage-
in-equals-garbage-out phenomenon; the
input may be the best available and the set
of assumptions upon which the models are
based may be as reasonable as any. It is
simply that future events are not known
with certainty, and our knowledge con-
cerning any water resource system is al-
ways limited. Moreover, the results of any
quantitative analysis of alternatives are
often only a small part of the input to the
overall planning and decision-making pro-
cess. Equally important may be purely
qualitative factors, including subjective
inferences drawn from the quantitative
analysis. And since public wants and ob-
jectives change, systems methodology
must be viewed as a flexible tool, adapta-

ble to changing circumstances as they are
perceived.

We should not expect, therefore, to
have the precise results of any quantitative
systems study accepted and implemented.
A measure of the success of any systems
study resides in the answer to the following
question: Did the study have an impact in
the planning and decision-making pro-
cess? Put another way: Did the results of
such studies enter into the debate over the
proper choice of alternatives?

SOME APPLICATIONS OF
CORNELL RESEARCH

Cornell students and professors specializ-
ing in water resource systems have seen
some of their work successfully applied.
Modification of some water quality man-
agement models developed in the late
1960s are being used for the preliminary
evaluations of alternative locations,
capacities, and operating policies for
wastewater treatment facilities, effluent
storage lagoons, low-flow augmentation
reservoirs, and land-irrigation sites for
wastewater disposal. Consulting firms and
governmental agencies have applied these
models to various river systems, including

the upper Mississippi River, the Wil-
lamette River in Oregon, the Saint John
River in Maine and New Brunswick,
Canada, the Truckee Carson and Jordan
River Basins in Western United States, the
Rio Cauca Basin in Colombia, South
America, and several rivers in Western
and Eastern Europe.

Also, in the late 1960s, models were de-
veloped for analyzing reservoir operation
policies. These models were later modified
by the New York State Department of
Conservation for application to the Finger
Lakes. They were also used by agencies
concerned with the regulation of some
lakes in the Middle East.

These reservoir operation models were
later extended to include design parame-
ters. Application of such models to the
Delaware River by a joint group from Cor-
nell and Harvard Universities confirmed
the desirability, at least from an economic
efficiency viewpoint, of a multipurpose
reservoir proposed and now being oper-
ated by the United States Army Corps of
Engineers in the Schuykill River, a tribu-
tary of the Delaware.

Further developments in multipurpose,
multiobjective river basin planning models
at Cornell were applied to two river basins,
each approximately eighteen thousand
square kilometers or seven thousand
square miles in area, that needed increased
flood protection and additional water
supplies for irrigation and recreation. The
first study, of the Elkhorn River Basin in
Northeastern Nebraska, was undertaken
by the Corps of Engineers, the Soil Con-
servation Service, and the University of
Nebraska. The second study, of the Upper
Mures Basin in Central Romania, was car-
ried out by the Romanian government with
support from the United Nations De-
velopment Programme through the Food
and Agriculture Organization. 4



Modifications of these river basin plan-
ning models are currently being used at
Cornell by students in the professional
master's degree program to predict the re-
liabilities of various allocations of water
from numerous proposed reservoir-canal
systems to irrigation sites in Northern Af-
rica. This project permits students to have
direct contact with the consulting firm (lo-
cated in Madrid, Spain) having overall
responsibility for the water resources
planning project.

Another irrigation study by a graduate
student from Taiwan, working with fa-

culty members of the Department of Ag-
ricultural Engineering and the Department
of Environmental Engineering, indicated
that excess capacity was being installed in
the Tsengwen Reservoir, then under con-
struction in Taiwan. On the basis of further
analyses motivated by this initial systems
study, a decision was made to decrease the
proposed capacity of the reservoir, thus
permitting a savings in cost and construc-
tion time.

More recently, members of these two
departments have developed improved
models for estimating the economically ef-

Computer graphics facilitate the use of water-
resources systems models by displaying infor-
mation in a form meaningful to nontechnical as
well as technical personnel involved in the
planning. Here Wayne Bialas, research as-
sociate in environmental engineering, uses a
digitizer to manipulate the model image dis-
played on a cathode ray tube. (Visible in the
image are the basin contours and a proposed
dam.) Alternative design features, such as the
size of the dam or the location of buildings on
the flood plain, can be changed quickly and the
image can be moved about to give viewers a
three-dimensional perspective of the river
basin under various conditions. These
techniques allow the impacts of various alter-
natives to be better visualized and evaluated.

The river basin planning project on which
Bialas is working is under the direction of Pro-
fessor Loucks and of Donald P. Greenberg,
professor of architecture, who is director of the
University's recently initiated Program for
Computer Graphics.



Faculty members of the Department of En-
vironmental Engineering involved in water re-
source systems research are, in addition to
chairman Loucks, Christine Shoemaker,
Robert Willis, and Douglas Haith, who has a
joint appointment in Agricultural Engineering.
I. Willis, a specialist in water quality and
quantity management, works with graduate
student researchers. Left to right: Willis,
Lawrence Tubbs, David Myers, and Peter
French.
2 and 3. Shoemaker and Loucks use interactive
computer terminals in their research.
Shoemaker s interests include pest control in
agriculture, and applications of dynamic prog-
ramming and control theory to the design and
operation of hydroelectric and wastewater
treatment facilities.

2



ficient capacities and operating policies of
wastewater irrigation systems. One such
model is now being used by a consulting
firm responsible for analyzing sludge dis-
posal alternatives for the city of Boston,
Massachusetts.

THE EDUCATION OF WATER
RESOURCE SYSTEMS ANALYSTS

There seems to be no end of water re-
sources systems planning problems. The
challenge facing us in universities is to de-
termine how best to train water resources
systems planners. At Cornell, we view a
well-trained water resources systems
analyst as one who possesses not only the
requisite mathematical and systems
methodology skills, but also an under-
standing of the environmental engineering
aspects of water resources planning prob-
lems. Needed skills include a sound work-
ing knowledge of hydraulics, hydrology,
and environmental quality engineering.
For example, to study the impact of any
land development plan, the analyst must
be able to predict how the proposed plan
would affect runoff and, in turn, the quan-
tity and quality of surface and ground wa-
ters; and how the development would af-
fect flood flows and, conversely, how
flood flows would affect the planned de-
velopment. The analyst must have an un-
derstanding also of the biological, chemi-
cal, and physical processes that are
influenced or caused by various nutrients,
biodegradable wastes, chemicals, and
other constituents that may be discharged
into and transported by water bodies as a
result of the planned development.

Just as important as these environmen-
tal engineering disciplines is a reasonable
knowledge of economic theory;
economics has always had, and will con-
tinue to have, a significant role in the plan-

7 ning of water resources investments. Law

also influences the water resources plan-
ning process, and often dictates how we
construct parts of our models for analyzing
such systems. It is no accident that at Cor-
nell an economist and a lawyer are mem-
bers of the water resources and environ-
mental systems faculty. In addition, the
support students and staff obtain from fa-
culty in agricultural economics, agricul-
tural engineering, city and regional plan-
ning, ecology and systematics, and opera-
tions research, to name only a few related
disciplines, contributes to what we con-
sider one of the best graduate water re-
sources systems research and training
programs in the country.

RESEARCH NEEDS FOR
BETTER SYSTEMS PLANNING

The systems approach to water resources
management is not new; what are rela-
tively new are some of the mathematical
and computational tools that permit more
quantitative, precise, and comprehensive
analyses of planning and operating alterna-
tives. These systems tools, first introduced
to water resources planners in the late
1950s and early 1960s, have increased in
sophistication and complexity. Yet much
remains to be done.

We must make our analytical methods
more relevant to the planning process. We
have had a few successes, to be sure, but
we must further reduce the distance be-
tween modeler and potential user. The in-
centives for academic researchers do not
always lend themselves to real problem
solving, but only by solving real problems
can we learn how to improve the utility of
our models. We must find ways to reduce
our need for more and more hard data and
to incorporate into our models some of the
more intangible aspects of planning. We
need to improve our methods of com-
municating the results of our systems

' \ . . only by solving

real problems can we

learn how to improve the

utility of our models."



studies to nontechnical individuals in
terms meaningful to them.

Finally, we need to learn much more
about how to solve large nonlinear water
resources systems problems, how to
evaluate alternatives whose possible im-
pacts are unknown, and how to develop
plans that can adapt to changes in technol-
ogy, demands, and objectives. We need to
learn how to model the dynamic physical
and social responses following major
stresses such as those resulting from
floods, droughts, or accidental spills of
toxic, pathogenic, or other types of pollut-
ants.

In short, we need better methodologies
for the formulation and evaluation of water
resources plans. These methodologies will
come not primarily from better techniques
of systems analysis, although these are
needed, but from a better knowledge of the
physical, biological, chemical, economic,
political, and social processes that affect
the management and use of our water re-
sources. The acquisition and systematic
use of this knowledge is the underlying
aim of Cornell's graduate program in
water resources systems planning.

Daniel P. Loucks, chairman of the Department
of Environmental Engineering, is active in re-
sources management consultation at the state,
national, and international levels. A specialist
in the application of mathematical program-
ming, probability theory, and economics to
problems of environmental quality manage-
ment, he has directed research in water re-
sources and noise control, and in 1970 was
awarded the Walter L. Huber Civil Engineer-
ing Research Prize by the American Society of
Civil Engineers.

One of Loucks' current activities is partici-
pation in an exchange program on scientific in-
formation and experience between the United

States and the Soviet Union. He was one of
three United States representatives to attend a
meeting on environmental protection in Russia
this spring. This meeting was followed by a visit
to Cornell by two Russian officials for several
days last summer, and future meetings and
symposia in both countries are planned.

For the past three years, Loucks has been a
member of an advisory panel for regional de-
velopment planning projects for Romania,
sponsored by the Food and Agriculture Or-
ganization of the United Nations. He has served
also as a consultant to the United Nations De-
velopment Programme on river basin planning
for Chile, Poland, Romania, and Yugoslavia,
and has assisted in a World Bank project on the
economic development of Northeastern frazil.
He is the United States representative on an ad-
visory panel for the International Institute of
Applied Systems Analysis in Austria. In the
United States, Loucks is a consultant to several
governmental agencies and private consulting
firms. During sabbatic leaves from Cornell, he
has served as a research fellow and visiting
scholar at Harvard University, and as an
economist at the World Bank.

Loucks' academic degrees are the B. S.from
Pennsylvania State University, the M. S.from
Yale University, and the Ph.D. from Cornell.
He has been a member of the faculty here since
1965.

From 1955 to 1959 he served in the United
States Navy and is currently a commanding of-
ficer of a reserve transport squadron at the
Naval Air Station, Willow Grove, Pennsyl-



WATER QUALITY CONTROL:

High on the List of National Priorities

by Charles D. Gates

After a decade or more during which na-
tional concerns about water have focused
on whether the United States had enough
water, equal attention is now being given
to the closely related question: Is our water
4 'clean" enough? This change in emphasis
was underscored by the National Water
Commission's recommendation, in its
1973 report, Water Policies for the Future,
that priorities be shifted from quantity-
oriented water resource development to
water quality management.

Why has water quality become so im-
portant an issue? The answer lies in our
growing numbers, our preference for me-
tropolitan living, our demand for goods,
and our wasteful use of resources and pro-
ducts. Agricultural, industrial, municipal,
and recreational activities not only require
progressively greater quantities of water,
as well as materials and energy, but are
wasting correspondingly greater amounts
of these resources, with a consequent
threat to water quality. Despite a decade of
effort at every level of government, and
the expenditure of at least a billion dollars,
the quality of our water resources is still in
danger.

The adequacy of the nation's water re-

sources to satisfy its essential needs by the
end of the present century is a concern to
users, regulatory agencies, decision mak-
ers, and planners alike, as well as a subject
of public and professional debate. A
widely, though not universally, held opin-
ion is that while the quantities of water
available to the nation as a whole are more
than sufficient to satisfy total national
needs, some basins or regions will suffer
temporary or chronic shortages as a result
of nonuniform distribution of both supply
and need over time and space. For exam-
ple, the huge volumes of water required to
process oil shale will further stress the
water resource in an already water-
deficient region. Methods capable
of partially correcting distribution
inequities—namely, storage, transport,
purification, and reuse—are available if
we are willing to pay the price.

There remains the question of overall
water quality. Concern about this aspect of
our water resource has emerged only in re-
latively recent years as population growth,
urbanization, and industrialization have
forced us to add the water quality factor to
the quantity factor in judging the adequacy
of water resources.

WASTES AS A THREAT
TO WATER QUALITY

Wastes, the gaseous, liquid, or solid res-
idues of production and consumption,
must be disposed of somewhere within our
environment. Too often they are simply re-
leased in the most convenient way to the
land, the air, or the water, which have a
limited capacity to receive them without
being degraded. Once released, these
wastes may be transported or transformed
or both, with resultant damage to suscepti-
ble receptors, living and nonliving, in un-
expected and complex as well as obvious
ways.

From an industrial point of view, wastes
are those materials which remain as res-
idues after raw materials have been con-
verted into products and which would cost
more to recover than they are worth. Pollu-
tion is a result of managerial decisions to
transfer the cost of waste disposal from the
waste producer to society in the form of
damage to the air-land-water environment
that is a common property resource.

Waterborne wastes enter waterways
from point sources, such as pipes or chan-
nels, or nonpoint sources, such as diffuse



"Despite a decade of effort at every

level of government and the expenditure of

at least a billion dollars, the quality

of our water resources is still in danger.9

TYPES OF WASTES THAT MAY
POLLUTE NATURAL WATERS

Disease-producing microorganisms
Organics producing taste, odor, color
Oxygen-demanding organics
Toxic organics
Toxic metals
Acids, alkalis, salt
Plant nutrients (nitrogen, phosphorus)
Soil, sediment, inert material
Radionuclides
Heat

land surface runoff or subsurface seepage.
Pipes discharging wastewater from
municipalities and industries are point
sources. Cultivated fields, coal piles,
sanitary landfills, surface and deep min-
ing, and city streets and lawns are exam-
ples of nonpoint sources. Urban land
runoff, for example, has been found to
contain significant amounts of heavy met-
als, fecal bacteria, oxygen-demanding
wastes, and inert solids.

Each of the multiple uses of water re-
sults in the addition of waste materials or
energy which may change its characteris-

tics and damage its quality. In all but a very
few cases, the predominating influence is
material added by people, either directly,
as wastes, or indirectly, as in the case of
eroded soil that pollutes water.

Pathogenic microorganisms in human
or animal wastes may become waterborne
and transmit intestinal diseases to
downstream water users. Oxygen-
demanding materials from domestic
wastes, as well as from industrial and ani-
mal wastes, sometimes deplete the oxygen
content of natural water bodies severely
enough to damage aquatic ecosystems that
support fish and wildlife. Water used to
cool electric power generating units or in-
dustrial processes on a once-through basis
may contain heat capable of stressing or
upsetting aquatic ecosystems. Nitrogen
and phosphorus from domestic and ag-
ricultural sources may stimulate the
growth of biomass to levels at which eu-
trophication, and subsequent interference
with water uses, occurs.

Synthetic organic substances, metals,
acids, and alkalies may be toxic to human
beings either directly, or indirectly
through magnification in the aquatic food
chain, which may itself be damaged. We
have just learned, for example, that poten-

EFFECTS OF WASTES
ON WATER QUALITY

Disease-producing potential
Toxicity
Deoxygenation
Corrosiveness
Acidity or alkalinity
Eutrophication
Color, turbidity
Hardness, scaling
Taste, odor
Temperature stress

tially carcinogenic polychlorinated
biphenyls (PCBs), which are used in a var-
iety of manufacturing processes, have
been found in fish taken from the Hudson
River.

Radionuclides, which may get into
water from any of the operations that mine,
refine, process, fabricate, use, or repro-
cess nuclear fuels, may also, through
bioaccumulation in the food chain, be-
come a hazard to people. The widespread
discharge of metals into natural waters has
only recently been recognized as a signi-
ficant cause of water pollution; our lack of 10



MAJOR BENEFICIAL WATER USES IN THE UNITED STATES

Uses are listed in approximate order of the corresponding required water quality
level. The category municipal
and includes some industrial

water supply refers to public and private systems,
uses. Rural water supply pertains to domestic use

only. Industrial water supply does not include water purchased from a municipal
source.

Uses

Municipal water supply
Rural water supply
Industrial water supply
Agricultural water uses:

Irrigation
Livestock

Thermal electric power
generation

Shellfish culture
Fish propagation
Wildlife propagation
Water-contact recreation
Boating (recreational)
Hydro-power generation
Navigation
Dispersion, transport, and

assimilation of wastes

Associated
Withdrawal
of Water

Major
Minor
Major

Major
Minor

Major
None
None
None
None
None
None
None

None

Withdrawn
Water Consumed
During Use (%)

34
34
8

60
Low

Low
0
0
0
0
0
0
0

0
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knowledge of the fate of metals in aquatic
environments compounds the danger.

THE AIMS AND MEANS OF
WATER QUALITY CONTROL

What characteristics should we expect of
our water supplies? The water that we
drink, swim in, fish in, and enjoy as a part
of our environment—the public water
supplies—should be free from microor-
ganisms that transmit disease, and from
organic, inorganic, and metallic sub-
stances that may cause adverse physiolog-

ical effects. The water should also be
attractive to the senses, and should not be
objectionably hard, scale-forming, corro-
sive, or stain-producing. Quality require-
ments are generally less demanding for
irrigation, industrial, and in-situ uses.

Water quality criteria have been de-
veloped for each of the uses, and they are
the basis for legally enforceable standards.
The strategies and the methodology which
we use to achieve water quality goals are
set by public policy. One of the policy
alternatives—zero release of wastes—
would provide complete protection of both

environment and receptors, but would do
so at costs estimated at several hundreds of
billions of dollars. If the "no discharge"
approach is eliminated as unfeasible, at
least for the foreseeable future, an alterna-
tive is to establish limits for effluent dis-
charge. This could be done by requiring
the best available technology, without re-
gard to cost. A perhaps more realistic al-
ternative is to require the best practical
technology, considered in terms of
economic feasibility and technical
adequacy.

Another approach is to relate the dis-
charge of a waste to the characteristics of
the body of water that will receive it. A
widely used practice is to make the
maximum use of the assimilative capacity
of the receiving water body that is compat-
ible with intended beneficial uses and the
associated standards: a strategy that im-
plies degradation of high-quality waters.
Another possibility is to prohibit the deg-
radation of receiving waters whose exist-
ing quality is higher than established water
quality standards. The Water Quality Act
of 1965, for example, requires that state
water quality standards include an antideg-
radation provision.

The implementation of policy intended
to protect water quality requires some form
of control. In the United States, we have
chosen to provide this through regulatory
legislation that authorizes the promulga-
tion and enforcement of either (1) ambient
water quality standards, or (2) effluent
limitations, or both. An alternative ap-
proach, the concept of imposing a mone-
tary charge for effluent disposal, has been
proposed by economists. The object would
be to achieve an economically efficient
and socially equitable allocation of re-
sources to water quality control by inter-
nalizing the cost of waste treatment, thus
gaining the advantages of private decision



THE WATER USE CYCLE

Alternative Upland Source
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making over third-party regulation. So far
this approach has gained little popular or
political support.

Current water quality control activities
at the local, state, regional, and federal
levels are carried out within the legal
framework of the Federal Water Pollution
Control Act Amendments of 1972 (PL92-
500), commonly known as the Muskie
bill. This legislation, designed to ''restore
and maintain the chemical, physical, and
biological integrity of the nation's water,"
identifies two national goals. The first, in-
terim, goal is to achieve, by 1983, water

quality that will protect aquatic life,
wildlife, and recreation. The second,
highly controversial, goal is to eliminate
the discharge of pollutants into the waters
of the nation by 1985.

This legislation, which has jurisdiction
over "all the waters of the United States,"
changed the thrust of enforcement from
water quality standards, which regulate the
allowable concentrations of waste sub-
stances in receiving water bodies, to
effluent limitations, which regulate the
rate at which specific waste substances can
be discharged from point sources. The

Figure 1. The major disposal and reuse alter-
natives associated with municipal and indus-
trial uses of water.

act's primary mechanism is a national
permit system which stipulates the limits
of discharges to natural waters. By 1977,
point-source effluents are supposed to
meet the quality levels achieveable
through the use of the "best practical"
control technology that is available. By
1983, point-source effluents are supposed
to meet the higher standards that could be
achieved through the use of the "best
available" technology. 12
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In whatever form it takes, water quality
control should be viewed as an essential
part of all state and national policies,
plans, and programs designed to protect
environmental resources. And it should be
seen as a requisite element of any system
for managing a particular water resource.
The overall objective should be to allocate
the water resource to uses that maximize
total benefits to the basin; all measures
should be compatible with comprehensive
plans for the region. The "growth" syn-
drome that has pervaded resource de-
velopment in recent years should be

avoided, and the need for assessing the
impacts of alternative population and
growth rates on environmental quality
should be recognized.

TREATMENT TECHNOLOGIES
AND THEIR DEVELOPMENT

The conventional wastewater treatment
technology which still prevails in most
cities was developed over the years to re-
move biodegradable organic materials,
suspended solids, and pathogenic mi-
croorganisms. During the past decade
there have been developed new treatment

Left: The Cayuga Heights wastewater treat-
ment plant, on Lake Cayuga near the Cornell
campus, was upgraded this year and now pro-
vides a tertiary rather than a primary level of
treatment. This higher level of treatment is re-
quired by federal and state regulations for the
Great Lakes and their tributaries and construc-
tion is subsidized by federal and state funds.
Professor Gates participated in the planning of
the facility.
Left below: These trickling filters at the plant
are key components in the conventional biolog-
ical oxidation and subsequent removal of or-
ganic wastes. Phosphorus removal, a form of
tertiary treatment, occurs in the settling tanks
visible in the background of the plant photo-
graph; it is expected to reduce eutrophication
of the lake.

processes capable of removing soluble or-
ganic and inorganic substances—
including compounds containing nitrogen
and phosphorus—which pass through
conventional processing. Both the conven-
tional and the advanced wastewater treat-
ment technologies have been adapted to
the treatment of industrial as well as
municipal wastewater.

With the use of these technologies in
suitable combination, the concentrations
of waste materials in municipal and indus-
trial wastewaters can be reduced to the
required levels, whether these are deter-
mined by effluent limitations or by am-
bient water quality standards. The wide
range of available treatment methods in-
cludes biological, chemical, and physical
processes. Combinations of these can
achieve degrees of treatment described as
primary, secondary, and tertiary. The na-
tional goal for 1977, set by the Congress,
is secondary treatment—which removes
85 percent of the oxygen-demanding or-
ganic wastes and suspended solids and at
least 99.9 percent of the fecal bacteria—
for all municipal wastewaters, and the
"best practical" treatment of all industrial
wastewaters.



Bill Batchelor, a doctoral candidate in sanitary
engineering, is studying the possibility of using
sulfur that has been removed from stack gases
for the biological control of nitrogen levels in
wastewater effluents. The development and im-
plementation of new wastewater technology
depends on research like this.

ALTERNATIVES FOR WASTE
MANAGEMENT AND DISPOSAL

Treatment of wastewater followed by the
discharge of liquid effluent to natural
waters is by no means the only available
water quality management technique.
Wastewater can be kept out of natural wa-
ters by the use of new, nonconventional
methods of waste management. A major
alternative is to reduce the generation of
wastes; possibilities include the elimina-
tion or redesign of agricultural, domestic,
and industrial processes that are big water
users, and the reclamation of waste mate-
rials through recycling within the man-
ufacturing process or by conversion to
saleable products. Other alternatives in-
clude the disposal of treated effluents
through land surface spreading or spray-
ing, recharge to ground water, deep well
injection, or reclamation and reuse. Al-
though none of these procedures provides
the inexpensive, widely applicable answer
that its proponents claim, they all represent
potentially viable alternatives to conven-
tional treatment and direct discharge. The
most promising of these methods, in view
of developing technologies for separating

components of wastes, appears to be the
reclamation of water for industrial and ir-
rigation purposes; these technologies arc
not yet adequate to permit reuse as drink-
ing water.

A problem area that requires special at-
tention is the degradation of water quality
by nonpoint sources. As the nation moves
toward the target of secondary-level treat-
ment or its equivalent for all municipal and
industrial waste waters—that is, for all
point sources—this problem of nonpoint-
source contamination becomes more ur-
gent. Indeed, it appears that this form of

pollution may prevent the achievement of
the 1983 water quality goals. Both
technological solutions and institutions for
implementing them are needed.

The wide spectrum of management
strategies and technologies that is availa-
ble should be considered in the planning
for every resources system. In fact, current
federal water pollution control legislation
requires that water quality control plan-
ning incorporate innovative concepts such
as water reuse, land disposal of wastes,
control of nonpoint sources, and regionali-
zation of wastewater control facilities. 14



University faculty members and stu-
dents specializing in water quality control
engineering have contributed both to the
improved understanding and design of
conventional processes and to the de-
velopment of new methodology and
technology. At Cornell, federal training
grant support has enabled some 140 stu-
dents to earn advanced degrees in this field
of study over the past fifteen-year period.
Recent Master of Science and Doctor of
Philosophy thesis research and Master of
Engineering design projects have been
concerned with such subjects as acid pre-
cipitation patterns, adsorption by active
carbon, the kinetics and control of biologi-
cal treatment, metals in aquatic and terres-
trial environments, nitrogen removal,
phosphorus removal, reverse osmosis,
urban runoff characteristics, and waste wa-
ter reclamation.

SAFEGUARDING
AN INDISPENSABLE RESOURCE

In its broadest sense, water quality man-
agement includes all the activities and
practices—legal, regulatory, institutional,
managerial, and technological, in both the
private and the public sectors—that are di-
rected toward controlling specific sub-
stances at concentrations compatible with
designated beneficial water uses. Planning
and managing the conservation, protec-
tion, development, and use of water must
have a high priority at every policy and ac-
tion level.

Modern industrial societies such as ours
remain dependent on water as a natural re-
source essential to their existence. The na-
tion must choose and implement a national
policy that will ensure water supplies suf-
ficient in quantity and suitable in quality;
our national water resource is both a vital
base for a viable economy and an impor-

15 tant determinant of our quality of life.

Charles D. Gates, professor of civil and en-
vironmental engineering, is a specialist in
water quality control and waste management,
and is active in these fields in teaching, re-
search, and consultation. His contributions in
the area of water pollution control earned him a
Presidential Commendation in 1971.

Recent research he has conducted or di-
rected includes studies of urban runoff, includ-
ing sources, characteristics, and effects on
water quality; the treatment of sanitary landfill
leachate; and nitrification and deoxygenation
phenomena in natural waters.

Gates joined the Cornell faculty in 1947 after
several years of experience as a professional
engineer, first on flood control construction
projects in New England and then on the de-
velopment of desalination techniques at the En-
gineer Research and Development
Laboratories in Virginia Beach. At Cornell he
has headed the sanitary engineering group,

and served as chairman of the former Depart-
ment of Water Resources Engineering and as
acting chairman of the Department of En-
vironmental Engineering. At the present time
he is program director for the Environmental
Protection Agency graduate training grant in
water quality control engineering; the
graduate field representative in water re-
sources; and a member of the program review
committee of the Water Resources and Marine
Sciences Center.

During sabbatic leaves from Cornell he
worked at Harvard University as a research fel-
low in sanitarx engineering, at the Water Qual-
ity Branch of the Tennessee Valley Authority
(TVA), and with the Raritan Bay Water Quality
Study of the United States Public Health Serv-
ice.

In activities outside the University, Gates is a
member of the Coordinating Committee for the
Corps of Engineers Oswego River Basin
Studies, and a member of the American Water
Works Association Committee on the Disposal
of Water Treatment Plant Wastes. He has
served as vice chairman of the Caxuga Lake
Basin Planning Board, as chairman of the
Greater Ithaca Comprehensive Sewerage Sur-
vey Committee, and as a consultant to the New
York State Department of Environmental Con-
servation, the TV A, and the New York State
Canners and Freezers Association.

Gates received the B.A. degree in chemistry
from Williams College in 1937 and the M.S. in
sanitary engineering from Harvard University
in 1939.



RESOURCES MANAGEMENT
OF THE GREAT LAKES

The Interaction of Engineering and Public Policy

By Leonard B. Dworsky

As population grows, industry and agricul-
ture expand, and resource requirements
increase, the residuals of production and
consumption place ever greater stress on
the physical environment. Nowhere is this
more evident than in the Great Lakes Ba-
sin, an area that is expected to contain, by
the end of the century, a quarter of the
population of the United States and a third
of the population of Canada. The fact is
that the resources of this important region
are not being well managed.

The chief difficulties in bringing about
improvements are not technological. We
do not lack knowledge of how to clean up
the lakes, protect the environment, pro-
vide for satisfactory navigation, water
supply, and flood control, and make good
use of the resource potential of the region.
It is in the application of knowledge that
we are lagging, and the problems are
largely political rather than technical. We
have reached a point at which environmen-
tal quality has taken its place in the arena of
public issues. Citizens are now applying
pressures on their governments as a means
of defending certain values than had less
priority in earlier days. But although a
beginning has been made, progress will

continue to be slow and halting unless the
requisite will for some fundamental
changes emerges.

THE CORNELL PROJECT ON
GREAT LAKES MANAGEMENT

For the past four years, a number of faculty
members and graduate students at Cornell
have been engaged in an effort to define
and stimulate the needed changes.

There is, of course, an existing frame-
work for international management of the
Great Lakes. It consists of a conglomera-
tion of governmental departments, agen-
cies, boards, and commissions that have
evolved over the years. Its basic deficiency
is that it is not likely to be capable of pro-
viding for improved resources manage-
ment of the region. For example, the Inter-
national Joint Commission, the only body
with overall responsibilities, acts primar-
ily when a matter is referred to it by both
countries. A primary requirement for im-
provement of environmental quality as
well as the use of resources is a more coor-
dinated, effective institutional arrange-
ment.

Some progress has been made in in-
creasing international cooperation on

Great Lakes problems. Joint or coopera-
tive biophysical water research has been
undertaken, for example. And in 1972
negotiations resulted in the Agreement on
Great Lakes Water Quality, which estab-
lished for the first time water quality objec-
tives common to both Canada and the
United States, and provided for joint pro-
grams to achieve those objectives. A
specific achievement of the Agreement
was to strengthen the authority of the In-
ternational Joint Commission to control
transboundary water pollution. The scope
of joint management must, however, go
beyond cooperative research and control
of transboundary water pollution. The
purpose of the Cornell project was to help
determine what needs to be done and how
to go about doing it.

This project, for which I am the princi-
pal investigator, has been supported by the
Office of Water Research and Technology
of the United States Department of the In-
terior. Funding for such research was au-
thorized under the 1964 Water Resources
Research Act, which is intended to en-
courage inter-institutional cooperation on
regional water resources problems.

The Cornell effort began in early 1971 16



when a group of twenty students in a
graduate seminar I was directing made a
comprehensive team investigation of the
water and related land management prob-
lems of the Lake Ontario Basin. Members
of the group, which represented a wide
range of academic disciplines, examined
social, economic, and political factors as
well as physical, biological, and engineer-
ing aspects of the problems, and they
formulated recommendations for an im-
proved international management scheme.

They concluded, among other things,
that the improved management of Lake
Ontario (and, by extension, of all the Great
Lakes) would require either a substantial
strengthening of the existing International
Joint Commission or the establishment of
an altogether new binational agency. In
their summary report, they recommended
a joint Canadian-United States study and,
as an interim action, the establishment on a
trial basis of a management office to coor-
dinate activities relevant to the water and
related land resources of the lower lakes
region.

The graduate student group sought, in
effect, a strengthened apparatus au-

17 thorized to carry out a surveillance and

mediation function in the lower lakes. In
the meaning of the recommendation,
surveillance consists of the collection, in-
terpretation, and dissemination of infor-
mation, is essentially concerned with the
definition of problems, and includes a con-
tinuing responsibility to be aware of prob-
lems and alert to future developments.
Mediation encompasses the development
of joint programs to attack common prob-
lems, and involves also the promulgation
of regulations, schedules, and uniform
standards, along with appropriate means
of implementing them. A third function,
that of control, was not recommended as
feasible at the present stage of develop-
ment.

THE CANADA-UNITED STATES
UNIVERSITY SEMINAR

The second phase of the Cornell project
began in late 1971. In order to explore the
tentative findings of the graduate student
group and also to encourage a binational
focus on the problem, we initiated plans
for a seminar comprised of interested
faculty members from Canadian and Unit-
ed States universities in the Great Lakes
region. Twenty institutions were rep-

resented in the Canada-United States Uni-
versity Seminar, which met in three
sessions between December 1971 and June
1972. The group was interdisciplinary and
included some sixty participants about
equally divided between academic and
governmental representatives. It was an
unusual combination of persons concerned
with a common public issue who would
not normally have their work brought into
a useful relationship.

Using the information assembled by the
Cornell graduate student group as a start-
ing point, the seminar took up the question
of improving the two countries' capa-
bilities for managing the water and related
land resources of the Great Lakes. The
general conclusion of the seminar, set
forth in a detailed report, confirmed the
earlier Cornell findings, and presented al-
ternative institutional approaches as
guides for further discussion and debate.

The University Seminar will reconvene
in 1975-76. Topics on the agenda include a
review of the group's audit of the Great
Lakes Water Quality Agreement and a
study of the political will and future plan-
ning opportunities of the two nations in re-
gard to the Great Lakes.



The Great Lakes hold almost one-fifth of the
total fresh surface water on the earth. They
drain a land area (shown in dark grey) about
twice as large as the states of New York and
Pennsylvania.

IDEAS FOR A BINATIONAL
MANAGEMENT OFFICE

During the six-month period that the
Canada-United States University Seminar
was meeting, a second graduate student
group at Cornell made a study of various
elements of a hypothetical joint manage-
ment office. Joining me in supervising this
work were Charles D. Gates, professor of
civil and environmental engineering, and
David J. Allee, professor of agricultural
economics. Results of the cooperative
study by the ten graduate students were re-
ported in seven theses and three research
papers.

The joint office was examined to illus-
trate to the two governments the practical-
ity of strengthening their programs in the
Great Lakes. Specific problems consid-
ered in the various student reports were
natural resources, land, and water man-
agement; an information system for man-
agement of Lake Ontario; issues involved
in a national population redistribution pol-
icy; and environmental management of the
Great Lakes international boundary areas.

Because of the international context of

Great Lakes problems, the responsibility
for working out agreements lies with the
executive branches of the two govern-
ments. Accordingly, an important object
of our group at Cornell and of the Great
Lakes University Seminar we instigated
was to stimulate governmental action. Our
strategy was to create a general public
awareness of the issues and also to bring
the issues to the attention of legislative
groups in a position to make recommenda-
tions on foreign affairs.

Our first public action was to distribute
the summary report of the initial Cornell

graduate seminar at the Governors' and
Provincial Ministers' Conference on Great
Lakes Environmental Problems, held at
Mackinac Island in July 1971. This con-
ference was sponsored by the Great Lakes
Basin Commission, which has the respon-
sibility of making recommendations for
institutional changes in management of the
lakes region.

Another strategy aimed at the im-
plementation of proposals was to conduct
the Canada-United States University
Seminar as a completely open affair. Rep-
resentatives of federal, provincial, and 18



Among the Cornell professors and graduate
students participating in studies of Great Lakes
management are, left to right, Professor
Dworsky; David J. Allee, professor of agricul-
tural economics; and David Ingersoll and
Amos Avgar, graduate students in city and re-
gional planning.

state governments were invited to attend,
and many of them, particularly staff mem-
bers of the International Joint Commis-
sion, took an active part.

In August 1972 a draft of the seminar
report, A Proposal to Improve the Man-
agement of the Great Lakes, was presented
to the Great Lakes Basin Commission at a
meeting at the Thousand Islands. Sub-
sequently, in March 1973, the final report
was published and widely distributed in
the region.

More specific public action was the pre-
19 sentation of the seminar recommendations

to legislative committees in both coun-
tries.

TESTIMONY BEFORE
LEGISLATIVE COMMITTEES

In the winter and early spring of 1973, high
water levels in the lakes caused considera-
ble damage to shore properties, and in re-
sponse to demands by concerned citizens
and their representatives in Congress, a
number of Congressional committees held
hearings about the causes, effects, and
possible remedies. As the testimony un-
folded, it became clear that the members of

Congress were concerned not only with the
immediate problem of lake levels, but also
with comprehensive and long-range plans
for managing the Great Lakes.

Since one of the recommendations of
the Canada-United States University
Seminar had been that Congress should
enact a bill calling for exploration of new
Great Lakes management opportunities, it
seemed desirable to present the seminar
findings to one of the appropriate commit-
tees. An interview between me and Rep-
resentative Dante B. Fascell, chairman of
the Subcommittee on Inter-American Af-



Resources of the Great Lakes Basin serve many
interests, including shipping and navigation,
industry, power production, recreation, and
environmental protection.

These and other aspects of resources man-
agement in the Great Lakes region were
explored in a Cornell research project. Specific
topics investigated seminar members included
water and air quality; solid waste disposal;
municipal, industrial, and agricultural water
supply; lake levels and flood control; shoreline
erosion; fish and wildlife protection; hydro-
power; navigation; agriculture; transporta-
tion; economic development; and water-based
recreation.

20



' \ . . individual and collective effort

can make a difference in resolving

socially significant problems/'

fairs of the House Committee on Foreign
Affairs, resulted in an invitation to the
cochairmen of the University seminar
(George R. Francis of the University of
Waterloo and myself) to present the report
and discuss its recommendations at a spe-
cial hearing of the subcommittee.

At the hearing, held in May 1973, the
subcommittee was presented a summary of
two alternative organizational pos-
sibilities, either of which would require
negotiation by the two governments. The
first alternative is to increase the effective-
ness of the International Joint Commission
by extending its authority. The second is to
negotiate a new treaty establishing a new
organization that would supervise the
day-to-day management of the Great
Lakes; this would follow a precedent es-
tablished for international management of
the Columbia River Basin. The main thrust
of the testimony was the need for Congres-
sional initiative. Similar testimony was
given in March 1975 before the Canadian
Standing Senate Committee on Foreign
Affairs.

Subsequent to the subcommittee hear-
ing, Congressman Fascell included in a

21 letter to President Ford some comments

pertinent to the Great Lakes situation and
suggestive of the opportunities there are to
develop constructive international pro-
grams. "No country appears closer to the
average U.S. citizen than Canada," he
wrote. 'The bulk of Canada's population
and a substantial part of our own are
neighbors in the fullest sense of the word.
The problems of one people literally are
the problems of the other. While respect-
ing Canada's wish to remain separate and
culturally distinct, it would appear that in-
itiatives to address common problems on
the highest level are long overdue. Prob-
lems of flooding and pollution on the Great
Lakes thus far have been addressed only in
a piecemeal way. Likewise, talk of U.S.-
Canadian cooperation in energy appears to
have remained just that as the need for
cooperation has become clearer and
clearer. . . One additional Inter-
American problem which is in its forma-
tive stages concerns the sufficiency of
North American water resources. It ap-
pears that entirely new institutional ar-
rangements may be needed to insure
adequate supplies. To this end it would be
useful to initiate joint U.S., Canadian, and
Mexican planning on a North American

regional basis. This would be a real first in
world resource management."

WHO SPEAKS FOR
THE GREAT LAKES?

The basic purpose of our Cornell group
and of the Canada-United States Univer-
sity Seminar is to serve as advocates for an
overall approach to management policy as
the proper alternative to dealing on a
piecemeal basis with the disparate aims of
special groups with special interests. Ac-
cordingly, one of our goals was to encour-
age the International Joint Commission,
the agency that currently has the broadest
area of responsibility, to examine its func-
tions and take steps to press for needed
changes in its structure and respon-
sibilities.

We believe that our efforts were instru-
mental in the decision of the Commission
to convene a special symposium to
evaluate its programs and consider means
for strengthening its role in Great Lakes
management. This symposium, perhaps
the first such meeting held during the
sixty-five years of the Commission's exis-
tence, convened in June 1974. Some of the
observations and recommendations made



by the University Seminar were incorpo-
rated by the Commission into its sym-
posium summary:

• A new treaty is not needed. What is
needed is political will of the two gov-
ernments, along with a better under-
standing of the International Joint
Commission and its capabilities, and
the commitment of more resources to
enable the Commission to carry out its
responsibilities.

• The Commission is only as good as its
Commissioners, and both governments
have been less than diligent in this re-
gard.

• The Commission should be more ag-
gressive in following up its recommen-
dations by asking for explanations
when no action is taken.

• // the Commission is to be an effective
institution in the future, it must be struc-
tured to deal with both existing and fu-
ture problems.

• The Commission s great utility is its
capacity for common fact-finding, and
for presenting to the governments

agreed-on facts as a basis for ac-
tion. . . The Commission should have
the power to point out to the two gov-
ernments potential sources of trouble
and dispute and to suggest that refer-
ences be made.

THE ROLE OF UNIVERSITIES IN
PUBLIC AFFAIRS

The Great Lakes project provides an
example of the valuable contribution uni-
versities can make in helping to formulate
public policy. For almost forty years,
under a variety of working conditions, I
have been concerned about the mainte-
nance of the beauty and utility of the Great
Lakes, and I made a number of attempts to
mount a project on resources management
of that area. I found it possible to under-
take a free and unrestricted examination of
this important issue only from the vantage
of a university.

Cornell is especially supportive of par-
ticipation and initiative in public affairs.
Established in the tradition of the land
grant institutions, Cornell has maintained
for more than one hundred years a health-
ful balance among the three university
functions of teaching, research, and public

We believe that a resolution ought to be
prepared and enacted by Congress that
would say: The Congress of the United
States is deeply concerned about the
need to strengthen the management of
the International Great Lakes in order to
conserve, develop, and use that unique
resource for the benefit of its citizens.
The Congress believes that this concern
is shared equally by the Government of
Canada with the objective of: (1) de-
veloping a joint comprehensive exami-
nation of the problems associated with
the multipurpose management of the
Great Lakes and associated lands; and
(2) using this examination to determine
ways to strengthen significantly the
joint multipurpose management of the
Great Lakes. Among other oppor-
tunities, the alternative proposals for-
mulated by the Canada-United States
University Seminar should be used as a
basis for initiating such discussions.

—from the recommendation of the Great
Lakes University Seminar for action by the
Foreign Affairs Committee and ultimately
by the House of Representatives.

service. Participation in the worlds within
and outside the university is a strong
characteristic of the Cornell faculty, and
one that has been encouraged by the at-
titude of the administration. In the present
era of environmental concerns, President
Dale Corson has been vigorous in his af-
firmation of the role of the University in
contributing to the resolution of social is-
sues.

The benefits of a climate conducive to
initiative and free inquiry obviously ex-
tend also to students. The Cornell graduate
students who worked on the Great Lakes 22



Management of the Great Lakes was studied by
undergraduates in a freshman "mini-course"
last year. Each engineering student takes the
course in Engineering Perspectives, which
comprises a series of lectures by professional
engineers and two half-semester "mini-
courses" selected from more than twenty that
are offered. These short courses are taught bx
professors in the various departments of the
College, and are concerned with subjects of
particular interest to each faculty member.
Professor Dworsky is shown with the student
members of his seminar.

project have discovered that individual and
collective effort can make a difference in
resolving socially significant problems.

INTERNATIONAL COOPERATION
IN RESOURCE MANAGEMENT

As we move into the final quarter of the
twentieth century, the time has come for
new, comprehensive policies for the man-
agement of our natural resources, and new
approaches to our increasingly pressing
environmental problems. The situation in
the Great Lakes region has the added di-
mension of the necessity for international
cooperation in the formulation and ad-
ministration of a resource management
policy. Open discussion across and on
both sides of the border should help the
two countries solve their common prob-
lems and realize the maximum benefit
from their common resources in this vital
area.

Such communication, lacking since the
Boundary Water Treaty was established in
1909, has been opened, and we can hope
for real progress in the development of a
mutually beneficial resources management
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Leonard B. Dworsky's lifelong interest in the
Great Lakes had its origins in a boyhood along
the shores of Lake Michigan, and developed
throughout a varied career in engineering, par-
ticularly in water resources research and plan-
ning.

After working as an engineer in the Illinois
Department of Public Health, he served during
World War II in the United States Army, chiefly
as a water supply and malaria control officer in
Trinidad and Puerto Rico, and then began an
eighteen-year career with the United States
Public Health Service. During those years, he
served as principal assistant to the chief of the
federal Water Pollution Control Program and
as regional director of the programs in the Mis-
souri and Columbia River Basins. Asa member
of the Federal Interagency Committees for the
Missouri and Columbia Rivers, he was in-
volved in broad planning for the multipurpose
development of river basins.

Dworsky, a professor of civil and environ-
mental engineering, came to Cornell in 1964 as
director of the University's newly established
Water Resources Center, now the Water Re-
sources and Marine Sciences Center, and
served in that capacity for ten years. During his
tenure at Cornell, he has spent a year's leave,

in 1967-68, as staff assistant for water re-
sources to the President's science adviser in the
federal Office of Science and Technology; later
he served as a member of the President's Sci-
ence Advisory Committee Panel on the Envi-
ronment. In 1973 he spent a sabbatic leave with
the Rockefeller Foundation, and since then has
been an environmental consultant for that
foundation's Quality of the Environment Pro-
gram.

His recent activities in international water
resources planning include the work on Great
Lakes resource management discussed in this
article. Also, he served as a consultant for the
United Nations' Interregional Seminar on In-
ternational River and Interbasin Transfer, held
in Budapest in September of this year. Cur-
rently he is helping to plan a United Nations
Water Resources Conference to be held in 1977
in Buenos Aires.

Dworsky has served on numerous national
commissions and committees studying water
resources problems, and he is a member of the
Great Lakes Research Advisory Board of the In-
ternational Joint Commission. In the American
Society of Civil Engineers, he has been active in
the National Water and Energy Policy Commit-
tee and has served as chairman of the Power
Research Committee.

His academic degrees are the B.S. in civil
engineering from the University of Michigan
and the M.S. in public administration from
American University.



NEWRIT
Water Resources Information

Retrieval Center at Cornell

Suppose you are a consulting engineer
who must prepare an environmental im-
pact statement in connection with the
building of a dam. Or perhaps you are a
graduate student writing a thesis involving
water pollution by gun manufacturing
plants. One of your first tasks is to survey
the existing literature. How do you go
about finding the pertinent items out of
the vast number that have been published?
Every year about 60,000 new publications
on water-related subjects appear as books,
journal articles, and research reports.

What you can do is contact NEWRIT
(the Northeast Water Resources Informa-
tion Terminal) in the Engineering Library
at Cornell University, and let a computer
do the literature search for you. Within a
week or so you will have mailed to you a
printout of citations and, usually, abstracts
of the most suitable publications from a file
of more than 85,000 items. Every month
about twenty clients—university profes-
sors and graduate students, engineering
consulting firms, and governmental plan-
ning agencies—make use of NEWRIT
services.

In addition to information on water re-
sources publications, NEWRIT has access
to comprehensive data bases in the fields of

engineering, metals, and energy, as well
as in nuclear science, the area in which in-
formation retrieval methods were first im-
plemented.

THE LOCAL STATION AND
THE NATIONAL SYSTEM

NEWRIT began operating in 1972, when
the University's Water Resources and
Marine Sciences Center was chosen by the
federal Water Resources Scientific Infor-
mation Center (WRSIC) as one of three
trial stations to handle water resources in-
formation retrieval. WRSIC is an arm of
the Office of Water Research and
Technology (OWRT) of the Department of
the Interior. Financial support for NEW-
RIT is provided jointly by OWRT and
Cornell University.

At the time NEWRIT was established,
the Cornell Water Resources and Marine
Sciences Center was directed by Leonard
B. Dworsky, professor of civil and en-
vironmental engineering, who had been
active in promoting the development of a
retrieval system for water resources infor-
mation and in establishing its data base. At
the present time the Center director is Gil-
bert Levine, professor of agricultural en-

WHAT THE USERS SAY
ABOUT NEWRIT SERVICE •
' 'Before I was made aware of this ser-
vice, I had already gone through (by
hand) many volumes of Selected Water
Resource Abstracts . . . some of the
topics you chose to pursue I had never
considered.''—Member of a university
research group

' 'An invaluable resource for environ-
mental research."—Representative of
a business corporation

" . . . advantages are the flexibility
and the rapid feedback made possible
by the use of the TV screen. The per-
sonnel assistance was valuable
. . . "—Member of a university ag-
ricultural economics department

' 'Before I heard about NEWRIT I spent
eleven long evenings in the library look-
ing through Biological Abstracts."—
Graduate student

"This is my second time to use this in-
formation service. I definitely would
use (it) again and again!1'—Member
of a consulting firm

24



NEWRIT operator Hal Tatelman communi-
cates with the central data retrieval system bx
teletypewriter and remote television receiver in
the Engineering Library office. Here he confers
with a client, consulting the thesaurus of water
resources subject headings.

25

gineering, who is co-principal investigator
of the NEWRIT project, along with Mary
McElroy, head librarian of the Engineer-
ing Library. John Saylor, assistant en-
gineering librarian, supervises the day-
to-day operations and serves as backup for
the terminal operator, Hal Tatelman.

The national system of which NEWRIT
is a part now comprises six stations, and is
expected to include twenty-five eventu-
ally. The other five operational facilities
are located at the University of Arizona
(Office of Arid Land Studies), North
Carolina State University (Water Re-
sources Research Institute), the University
of Wisconsin at Madison (Water Re-
sources Center), Virginia Polytechnic
Institute and State University (Water Re-
sources Research Center), and the central
WRSIC office at Washington, D. C.

THE RETRIEVAL SYSTEM
AND HOW IT WORKS

The basis of the retrieval method is a
program called RECON (REmote CON-
sole), which was originally developed
for the Atomic Energy Commission, now
the Energy Research and Development
Administration (ERDA). This program

provides access to a collection of
computer-stored references at the Holifield
National Laboratory (formerly the Oak
Ridge National Laboratory). The search
routine includes an examination of each
stored item for relevancy, a decision to ac-
cept or reject, and a series of reevalua-
tions. An experienced operator at one of
the terminals manipulates this retrieval
process, using a system based on Boolean
logic, to obtain references appropriate in
scope and number to the problem at hand.
The end result is a printout of the selected
items.

The selection process is keyed to the
Water Resources Thesaurus, which pro-
vides a classification code and descriptive
terms used in characterizing the stored
items. This thesaurus enables users to
browse through the computer files as they
might through a library card catalog.

The basic file of water resources refer-
ences is Selected Water Resources
Abstracts (SWRA), which has been pub-
lished since 1968 as a semimonthly journal
of abstracts of current and earlier periodi-
cal articles, books, and documents. Most
of the abstracts are prepared by staff mem-



. . a real bargain

in customer

service today.

But the most

important savings

are in time.

ANATOMY OF A TYPICAL SWRA CITATION

The citation in the data bank can be retrieved and projected on the screen in
various formats (see p. 1). A typical Format 6 citation reproduced below shows
all data elements formatted exactly as they appear in SWRA.

RECON Accession No.
Issue of SWRA
Carrying Citation

Category under
which listed

WRSIC Access.
No.

Author

69R08896 WRA-W2-21 02.FO
(W69-08896) THE EFFECT OF GEOLOGICAL

STRUCTURE ON THE CHEMICAL COMPOSITION OF
GROUNDWATER IN THE POPOVO POLJE AREA
(FRENCH)\

MLADENOVIC, JOCA\
ENERGY TRUST, SARAJEVO (YUGOSLAVIA)A
HYDROL OF FRACTURED ROCKS VOL 2, PROC

DUBROVNIK SYMP (OCT 1965), INT ASS SCI
HYDROL, PUB 74, P 645-653, 1967. 9 P, 3 FIG, 1
MAP.\

YUGOSLAVIA\DALMATIA\COASTAL AREA\
02F\
THE HYDROCHEMICAL ANALYSIS OF THE

WATERS OF THE TREBISNJICA RIVER, DALMATIA,
WAS CONDUCTED FOR THE PURPOSE OF EVALU-
ATING THE EFFECTS OF WATER REGIME ON
SPRINGS LOCATED IN THE COASTAL AREA AFTER
THE CONSTRUCTION OF A HYDROELECTRIC
POWER STATION. THE RIVER BASIN, MAINLY CON-
SISTING OF LIMESTONES AND DOLMITES, MAY BE
CHARACTERIZED AS FOLLOWS: (1) CHEMICALLY,
THE GROUNDWATER CONSISTS OF SEVERAL
TYPES (BICARBONATE OF CALCIUM, MAGNESIUM,
SULFATE, AND CHLORIDE\ (2) THE CHEMICAL
COMPOSITION OF GROUNDWATER IS CONDI-
TIONED BY THE GEOLOGIC FORMATIONS AND BY
THE EFFECT OF SOME MARINE CONDITIONS\
(3) NO UNDERGROUND CHANNELS EXIST BE-
TWEEN THE RIVER WATER AND THE HIGH-ALTI-
TUDE COASTLINE BETWEEN SLANO AND
NERETVA \ AND (4) THE LOW-ALTITUDE COAST-
LINE BETWEEN SLANO AND NERETVA IS CHARAC-
TERIZED BY SPRINGS SHOWING THE EXISTENCE
OF SUBTERRANEAN CHANNELS. (GABRIEL-USGS)\

CHEMICAL PROPERTIES \ WATER PROPERTIES \
GROUNDWAR \ GEOLOGIC CONTROL \ STRUC-
TURAL GEOLOGY \ WATER SOURCES \ HYDRO-
ELECTRIC PLANTS \ DRAINAGE \ GROUNDWATER
MOVEMENT \ SURFACE-GROUNDWATER RELA-
TIONSHIPS \ RIVERS \ LIMESTONES \ DOLOMITE \
SANDS \HYDROGEOLOG SEA WATER\

Title

Source
publication

Identifiers
(free terms)

Abstracter

Descriptors
(terms from
Thesaurus)
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Right: NEWRIT staff members include, left to
right: Gilbert Levine, professor of agricultural
engineering and director of Cornell's Water
Resources and Marine Sciences Center; Mary
McElrox, head librarian of the Engineering
Library; and John Say lor, assistant engineer-
ing librarian. Levine and McElroy are co-
principal investigators for the project.

bers at selected, federally supported Cen-
ters of Competence. (The Center of Com-
petence at Cornell is the Water Resources
and Marine Sciences Center, and the
abstracting service is directed by Professor
Daniel P. Loucks.) These abstracts are
augmented by input from state water re-
sources research institutes, other abstract-
ing and indexing services, and certain
federal agencies. Arrangements have been
made to include contributions from several
foreign countries.

References in the SWRA file cover a
wide range of water-related subjects, clas-
sified into ten major fields and sixty sub-
groups. Each reference is assigned to one
or more of these categories; for example,
an entry on legal aspects of the disposal of
waste concentrates would be classified in
at least two categories: 05E (Ultimate
Disposal of Wastes) and 06E (Waste Law
and Institutions). Also, each citation is
given a set of subject headings assigned
from the Water Resources Thesaurus. The
bibliographical information can be
supplied in various combinations and for-
mats. The number of citations in the output
generally varies between fifty and two
hundred, depending on the nature of the
request.

THE LITERATURE SEARCH
PROCESS USING NEWRIT

How does a client go about using the
NEWRIT service? The first step is to con-

27 tact the center and explain the problem to

the staff member on duty. Possible
keywords are selected, and an agreement
is reached on how extensive the search
should be and what information (title, au-
thor, keywords, abstract, etc.,) should be
supplied with each citation.

The searcher analyzes the problem and
translates it into the correct computer lan-
guage. Then he draws up a search strategy
and types the commands into the terminal,
adjusting the process according to feed-
back received as the search progresses.
The final output can be printed at the local
terminal in the Engineering Library if it is

not lengthy, but generally it is printed by
ERDA's central high-speed equipment
and mailed to NEWRIT for forwarding.

The cost of a typical search is ten or fif-
teen dollars—an OWRT subsidized rate
available during the development stage of
the project and a real bargain in customer
service today. The most important sav-
ings, though, are in time. As a time-saving
means of providing comprehensive litera-
ture searches, NEWRIT has become an
important asset in water resources research
at Cornell and throughout the northeastern
United States.



REGISTER

New Academic Year Brings Changes at the College

• The School of Operations Research and
Industrial Engineering, recently formed by
merger of the former Department of Oper-
ations Research and School of Industrial
Engineering and Operations Research,
opened the fall term with Robert E. Bech-
hofer as director and William L. Maxwell
as associate director. Both appointments
are for two-year terms.

Bechhofer, professor of operations
research and a specialist in statistical selec-
tion procedures and the design of experi-
ments, has been a member of the Cornell
faculty for twenty-three years and headed
the Department of Operations Research for
the past eight years. He taught previously
at Columbia University, where he studied
for baccalaureate and doctoral degrees,
and has held visiting appointments at Stan-
ford University, the University of Cam-
bridge, and the Imperial College of
Science and Technology in London. He
has also been active as an industrial consul-
tant for many years. He is a fellow of the
American Statistical Association and of
the Institute of Mathematical Statistics,
and was recently elected a member of the
International Statistical Institute. He is
also a member of the American Associa-

tion of University Professors, the Ameri-
can Society for Quality Control, the
Biometric Society, the Royal Statistical
Society, Tau Beta Pi, Pi Tau Sigma, and
Sigma Xi.

Maxwell, also a professor of operations
research, will be concerned mainly with
undergraduate and professional graduate
degree programs in his capacity as as-
sociate director. A specialist in simulation,
scheduling, and information processing,
he earned his baccalaureate and doctoral
degrees at Cornell and has been on the
faculty since 1961. He has been active as a
consultant, and has served as editor and
reviewer for a number of professional
journals. Professional organizations to
which he belongs are the American Insti-
tute of Industrial Engineers, the Opera-
tions Research Society of America, the
Institute of Management Sciences, and the
Association for Computing Machinery.

The organization of the new School
more clearly reflects the functioning of the
academic unit, according to Dean Edmund
T. Cranch. Formerly, the School of In-
dustrial Engineering and Operations Re-
search had jurisdiction over curricular
matters, but the faculty operated within the

Department of Operations Research.
Byron W. Saunders, who had served as di-
rector of the former School, is now dean of
the University faculty, and continues as a
professor in the School.

• Named director of the School of Chem-
ical Engineering for a five-year term was
Julian C. Smith, professor and former as-
sociate dean of the School. Smith, a
specialist in heat transfer and mixing and
separation phenomena, was educated at
Cornell and has been a member of the fac-
ulty since 1946. He has served as chairman
of the College's Graduate Professional
Program Committee and as director of
continuing education. Earlier this year,
while on leave from the University, he
conducted a four-month project for
UNESCO to develop graduate education
in chemical engineering at the Universidad
de Oriente in Venezuela. In 1971-72 he
was a visiting professor at the University
of Edinburgh. Throughout his career, he
has been active also as an industrial
consultant. Smith was recently honored by
election as a fellow of the American Insti-
tute of Chemical Engineers; he was cited
particularly for his textbook, Unit Opera- 28



Bechhofer
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tions of Chemical Engineering, written
with W. L. McCabe and now being issued
in a third edition. He is a member of the
American Chemical Society, the Ameri-
can Society for Engineering Education,
Sigma Xi, Phi Kappa Phi, and Tau Beta Pi.

• In the School of Electrical Engineering,
G. Conrad Dalman has begun a five-year
term as director, and Joseph L. Rosson has
been appointed associate director, also for
a five-year term.

Dalman has taught at Cornell for the
past nineteen years, and before that spent
fourteen years in industrial engineering
and research with RCA, Bell Telephone
Laboratories, and the Sperry Gyroscope
Company. His principal professional in-
terest is research in semiconductor mi-
crowave devices; he was a cofounder of
Cayuga Associates, developers and pro-
ducers of such devices, and is now serving
as a consultant to that firm. During an
academic leave in 1962-63, he helped es-
tablish an electronics research laboratory
at Chiao Tung University in Taiwan, as
part of a United Nations project. Dalman's
undergraduate degree in electrical en-
gineering is from the City College of New

Three schools in the College of Engineering
have new directors this year. They are Robert
E. Bechhofer of the School of Operations Re-
search and Industrial Engineering; Julian C.
Smith of the School of Chemical Engineering;
and G. Conrad Dalman of the School of Elec-
trical Engineering.

York, and his master's and doctor's de-
grees, also in electrical engineering, are
from the Polytechnic Institute of Brook-
lyn. He is a fellow of the Institute of Elec-
trical & Electronics Engineers, and a
member of the American Association for
the Advancement of Science, the Ameri-
can Physical Society, Tau Beta Pi, Eta
Kappa Nu, and Sigma Xi.

Rosson, professor of electrical en-
gineering and formerly assistant director
of the School, has been a member of the
faculty since he completed graduate
studies at Cornell in 1951. His under-
graduate degree in electrical engineering is
from the University of Tennessee. A
specialist in power engineering and in-
strumentation, his activities at the Univer-
sity have included serving as director of
the Extra High Voltage Cable Project,
which was carried out at Cornell from
1959 to 1965 as a cooperative venture with
a group of industrial companies, and he
has been a consultant for a number of firms
in the field of electric power. In recent
years he has served as adviser for Master of
Engineering student project work on the
Cornell electric car. He is a member of the
honorary societies Tau Beta Pi, Eta Kappa
Nu, and Phi Eta Sigma.



Mclsaac

• New appointments in the College ad-
ministrative staff include those of Paul R.
Mclsaac as associate dean for a five-year
term, David C. Johnson as assistant dean
and director of student personnel, Mark
Schwartz as assistant director of engineer-
ing admissions, and Eugene Jr. Wilson as
director of engineering minority pro-
grams.

Mclsaac, professor of electrical engi-
neering, has responsibility for the ad-
ministration of graduate study and
research programs in his capacity as as-
sociate dean. He has just completed a term
as graduate faculty representative in elec-
trical engineering. In addition to his six-
teen years on the Cornell faculty, his
experience includes five years with the
Sperry Gyroscope Company in microwave
research, and many years as a consultant to
industrial firms. He was graduated from
Cornell with the B.E.E. degree, and
earned the M.S.E. and Ph.D. degrees in
electrical engineering at the University of
Michigan. He has been active in the Insti-
tute of Electrical & Electronics Engineers
and its Ithaca section, and is a member also
of the American Association for the Ad-
vancement of Science, and Sigma Xi.

Johnson

Johnson, former director of engineering
admissions, succeeds Donald G. Dickason
in the assistant deanship; Dickason be-
came University dean of admissions and
financial aid this past summer. Johnson
has been associated with the College ad-
missions staff since 1969 and now heads
the student personnel staff, which includes
Schwartz and Wilson. Johnson was
graduated from DePauw University in
1967 and has undertaken graduate work in
education at Cornell. Before coming to
Cornell, he served as admissions coun-
selor and then director of admissions at

College administrators appointed this year are
Paul R. Mclsaac, associate dean, and David C.
Johnson, assistant dean and director of student
personnel.

Ohio Wesleyan University. He is a
member of the National Association of
College Admissions Counselors, the
American Personnel and Guidance As-
sociation, the American Association of
College Registrars and Admissions Offi-
cers, the American Association of Junior
and Community Colleges, and the Ameri-
can Society for Engineering Education.

Schwartz received the B.S. degree in
industrial engineering from Cornell in
1974. While an undergraduate, he was
president of the Engineering Student
Council, served on the College Policy
Committee, and was in charge of admis-
sions for Risley Residential College. Since
his graduation he has worked as an indus-
trial engineer with the Federal Aviation
Administration; in technical sales with the
Union Carbide Corporation; and in the
Department of Psychophysics at Harvard
University.

Wilson is a Michigan State University
graduate and former director of the equal
opportunity program in the engineering
college there. He received an under-
graduate degree in psychology in 1972 and
is a candidate for a master's degree in
student personnel administration. 30



Regular and Visiting Professors Join Faculty
• Among new faculty members this year
is Stanley Humphries, Jr., assistant pro-
fessor of applied physics. Humphries has
served since 1973 as a research associate in
the Laboratory of Plasma Studies, working
on the problem of plasma confinement for
application to controlled thermonuclear
reactors. Humphries holds M.S. and
Ph.D. degrees in nuclear engineering from
the University of California, Berkeley.
Before coming to Cornell, he served as a
staff member at the Lawrence Livermore
Laboratory and as a postdoctoral fellow at
the Los Alamos Scientific Laboratory. He
is a member of the American Physical So-
ciety and the Institute of Electrical & Elec-
tronics Engineers.

• Three assistant professors—James E.
Donahue, Susan S. Owicki, and Charles
F. Van Loan—joined the faculty of the
Department of Computer Science this fall.

Donahue, a recent Ph.D. graduate of the
University of Toronto, earned the B.A.
degree in political science at the University
of Michigan, where he was elected to Phi
Beta Kappa, and the M.S. in computer

31 science at Rutgers University. His spe-

cialty field is programming language and
semantics. He has worked as a member of
the technical staff of Bell Telephone
Laboratories and as a computer scientist
with Combustion Engineering, Inc. He
served as coeditor of Software Engineer-
ing Education, published in 1975 by IBM
of Canada, Ltd. He is a member of the
Association for Computing Machinery.

Owicki, a specialist in languages and
systems, recently completed doctoral
studies in computer science at Cornell. Her
previous degrees are the B.S. in mathema-
tics from Michigan State University and
the M.S. in computer science from Cor-
nell. She has worked as a data process
coordinator at the University of Nebraska,
as a programmer and analyst at the General
Electric Company, and as a programmer
for the Computer Institute for Social Sci-
ence Research at Michigan State Univer-
sity. She is a member of the Association
for Computing Machinery and the honor-
ary societies Phi Beta Kappa and Pi Mu
Epsilon.

Van Loan, a specialist in numerical
analysis, came to Cornell after a year and a
half as visiting research fellow in
mathematics at the University of Manches-

ter in England. He was educated at the
University of Michigan, receiving the
Ph.D. in mathematics in 1973. In 1974 he
was an invited participant in the sixth Gat-
linburg Conference on Numerical
Algebra, held in Munich.

• Michael C. Kelley has been at Cornell
since last January, when he was appointed
assistant professor of electrical engineer-
ing. He has had extensive research
experience using rockets, balloons, and
satellites, including recent electric field
experiments using NASA and Air Force
satellites, a multi-satellite study of iono-
spheric waves, and experiments using high
latitude rockets from a number of launch
sites. Kelley holds the B.S. degree in
mathematics from Kent State University
and the Ph.D. in physics from the Univer-
sity of California, Berkeley. He spent five
years as a research physicist at Berkeley
before coming to Cornell. During part of
this time, he held a joint appointment as an
Alexander von Homboldt fellow at the
Max Planck Institut fur Physik und As-
trophysik, Institiit fur Extraterrestriche
Physik in West Germany. He is a member
of the American Geophysical Union.



• A specialist in environmental law, Neil
Orloff, joined the Department of En-
vironmental Engineering as an associate
professor this fall. Orloff has a background
in engineering, business administration,
and law: he holds the S.B. degree in elec-
trical engineering from the Massachusetts
Institute of Technology, the M.B.A. in
finance, economics, and corporate organi-
zation from the Business School of Har-
vard University, and the J.D. (cum laude)
in corporate and international law from the
Law School of Columbia University. For
the past two years he has served as legal
counsel with the President's Council on
Environmental Quality and previously he
spent two-year periods with the Environ-
mental Protection Agency and the World
Bank. He is a member of the American Bar
Association and the Bar Association of the
District of Columbia, and of Tau Beta Pi,
Sigma Xi, and Eta Kappa Nu.

• Two assistant professors, David L.
Kohlstedt and Rishi Raj, joined the mate-
rials science and engineering faculty.

Kohlstedt has conducted postdoctoral
research at three universities since receiv-
ing his Ph.D. degree in solid state physics
from the University of Illinois in 1970. He
investigated the defect structure of high-
temperature, high-strength materials at the
University of Illinois, studied the mechan-
ical properties of these solids at the Uni-
versity of Cambridge, England, and since
1971 has worked at the Massachusetts In-
stitute of Technology on the plasticity of
mantle minerals at high temperatures and
pressures and on electron microscopic
studies of defects in minerals. Kohlstedt
took his undergraduate degree in physics
and mathematics at Valparaiso University,
graduating with highest honors. He is a
member of the American Geophysical Un-
ion, the American Physical Society, and

the American Association for the Ad-
vancement of Science.

Raj came to Cornell from the University
of Colorado, where he had been a member
of the mechanical engineering faculty
since 1971. A specialist in grain boundary
sliding and materials fracture at high
temperatures, he has a broad background
in science and engineering. He holds the
B.S. degree in pure science from Al-
lahabad University in his native India; the
B.S. (with honors) in electrical engineer-
ing from Durham University in England;
and the M.S. in applied physics and the
Ph.D. in materials science from Harvard
University. His experience includes re-
search positions with the Chase Brass and
Copper Company, the Raytheon Com-
pany, and the Standard Telegraph and
Cable Company, and consultation for the
IBM Corporation. He has received a
number of scholarships and fellowships,
including two prizes from Durham Uni-
versity. He is a member of the American
Institute of Metallurgical Engineers and
the American Institute of Physics.

• David A. Caughey, who joined the Sib-
ley School of Mechanical and Aerospace
Engineering last year as a visiting assistant
professor, was appointed to the regular
faculty this fall. Caughey has been con-
ducting research in his specialty areas—
transonic flowfields, supersonic flow, and
sonic boom—since he completed doctoral
studies in aerospace and mechanical sci-
ence at Princeton University in 1969. After
a year as an exchange scientist at the Com-
puting Center of the Soviet Academy of
Sciences in Moscow, under the auspices of
the United States National Academy of
Sciences, he spent some months as a re-
search associate at Princeton. He worked
at the McDonnell Douglas Research
Laboratories until his appointment to Cor-

nell. Caughey received his undergraduate
education at the University of Michigan,
earning the B.S.E. degree in aeronautical
and astronautical engineering; while at
Michigan he was elected to the honorary
society Tau Beta Pi and received the de-
partment's Outstanding Achievement
Award. He is a member of the American
Institute of Aeronautics and Astronautics.

• New assistant professors in the School
of Operations Research and Industrial En-
gineering are Eric K. demons, David C.
Heath, Bruce W. Turnbull, and Leslie Earl
Trotter, Jr.

Clemons, a specialist in management
information systems and file organiza-
tions, recently completed doctoral studies
in operations research at Cornell. He re-
ceived the M.S. degree from Cornell in
1974, and the S.B. degree in physics from
the Massachusetts Institute of Technology
in 1970. During his graduate years, he
worked on the computer security project
and taught computer science and opera-
tions research courses. He also served as a
consultant in operations research and man-
agement information systems. He is a
member of the Association for Computing
Machinery, the Operations Research Soci-
ety of America, and Sigma Xi.

Heath, a specialist in probability,
theoretical statistics, and game theory,
came here from the University of Min-
nesota, where he had been a member of the
faculty since 1969. His Ph.D. is from the
University of Illinois, Urbana. Heath's
experience includes participation in the
United States-France Exchange of Scien-
tists Program at the University of Stras-
bourg in 1973-74. He is a member of the
American Mathematical Society, the
Mathematical Association of America,
and the Institute of Mathematical Statis-
tics. 32



Turnbull, whose appointment was ef-
fective in December, came to Cornell from
England, where he was a university lec-
turer in mathematical statistics at the
Mathematical Institute of Oxford Univer-
sity and a fellow and tutor in mathematics
at Jesus College, Oxford. He holds B.A.
and M. A. degrees in mathematics from the
University of Cambridge and M.S. and
Ph.D. degrees in operations research from
Cornell. His academic honors include two
mathematics prizes from Cambridge and a
Fulbright scholarship. Turnbull's experi-
ence includes a year of teaching at Stan-
ford University, summer employment
with the Mobil Oil Company (United
Kingdom), and consulting work in statisti-
cal quality control and computer simula-
tion with the Hi-Speed Checkerweight
Company. He is a member of the Opera-
tions Research Society of America, the In-
stitute of Mathematical Statistics, the
American Statistical Association, and the
Royal Statistical Society.

• Visiting and adjunct professors aug-
ment the faculty in several schools and de-
partments this year.

Paul F. Fahey, on leave from the Uni-
versity of Scranton, is a visiting associate
professor of applied and engineering
physics. He has a National Science Foun-
dation Fellowship for the year. A specialist
in biophysics, Fahey is conducting re-
search on membrane mechanics. He holds
three degrees in physics: the B.S. from
Scranton, and the M.S. and Ph.D. from
the University of Virginia.

On campus this fall term to teach the
course in The Computerized Society is
Allan B. Borodin, associate professor of
computer science at the University of To-

33 ronto. The course is jointly sponsored by

the Department of Computer Science and
the University's Program on Science,
Technology, and Society. Borodin earned
his Ph.D. in computer science at Cornell in
1969, and joined the Toronto faculty at
that time. His previous degrees are the
B.A. in mathematics from Rutgers Uni-
versity and the M.S. in computer science
from Stevens University.

Adjunct professors in the School of
Electrical Engineering this year areHarold
F. Mattson, Jr., and Luther D. Rudolph,
both of Syracuse University, who are joint-
ly teaching a course in coding algorithms.
Mattson's doctorate in mathematics
is from the Massachusetts Institute of
Technology, and Rudolph's doctorate in
electrical engineering is from Syracuse.

A visiting assistant professor in opera-
tions research this year is Jacob Zahavi, a
specialist in the application of operations
research techniques in energy systems, in
mathematical programming, and in man-
agement information systems. He has
worked in these areas in the United States
and in Israel, and has taught at the Uni-
versity of Tel-Aviv and the University
of California, Los Angeles. His degrees
are the B.S. in economics and statistics
from Hebrew University in Jerusalem, the
M.S. in operations research from The
Technion in Haifa, and the Ph.D. in sys-
tems engineering from the University of
Pennsylvania.

Visiting from Afghanistan this year is
Ghulam A. Nasir, a specialist in structural
engineering from the Faculty of Engineer-
ing at Kabul University. He is at Cornell as
a visiting lecturer under sponsorship of the
Agency for International Development
(AID), and is teaching the freshman
"mini-course" Structures: Past, Present,
and Future. Nasir holds the B.S. and M.S.
degrees in civil engineering from Kabul
University and the University of Wyo-

ming, respectively. His doctorate in civil
engineering and system engineering is
from Carnegie-Mellon University.

Edward W. Hart, a physicist at the Gen-
eral Electric Company's Research and De-
velopment Center since 1951, is a visiting
professor this year in the Department of
Theoretical and Applied Mechanics and
the Department of Materials Science and
Engineering. A specialist in the mechani-
cal behavior of materials, he is teaching at
the graduate level and collaborating in re-
search on the inelastic behavior of metals
at high temperatures. Hart holds a bac-
calaureate degree in physics from the Col-
lege of the City of New York and a doctor-
ate in theoretical physics from the Univer-
sity of California, Berkeley. His experi-
ence includes postdoctoral work at the
Radiation Laboratory of the University of
California and civilian service as a physi-
cist and electrical engineer with the U.S.
Navy during World War II.

Vijayarenga K. Varatharajulu, a post-
doctoral research associate last year in the
Department of Theoretical and Applied
Mechanics, is a visiting assistant professor
for the current year. He was graduated
from the University of Madras, India, with
the B.S. degree in mechanical engineer-
ing, and earned the M.S. in engineering
mechanics at Pennsylvania State Univer-
sity and the Ph.D. in theoretical and
applied mechanics at Northwestern Uni-
versity.

Appointed visiting assistant professor of
theoretical and applied mechanics for the
spring term is Hilary Ockendon, a lecturer
at Somerville College, Oxford University,
England. A mathematician, she holds
B.A., M.A., and D.Phil, degrees from
Oxford. Her husband, John R. Ockendon,
from St. Catherine's College, Oxford, is a
visiting research associate in geological
sciences for the fall term.



Harriott Named to Fred H. Rhodes Professorship
• When Peter Harriott was a chemical
engineering student at Cornell in the late
1940's, one of his most memorable
courses was Unit Operations Laboratory,
taught by Professor Fred H. Rhodes.

When Harriott joined the Cornell chem-
ical engineering faculty in 1953, one of his
first assignments was to assist Rhodes in
teaching the course, and for many years he
continued to be in charge of the laboratory.

This year Peter Harriott was named the
first Fred H. Rhodes Professor of Chemi-
cal Engineering.

The chair was established in 1971 by
more than five hundred former students
and associates of Professor Rhodes, who
served as director of the School of Chemi-
cal Engineering from 1938 until his re-
tirement in 1957.

In reflecting recently on the influence
Rhodes had on him and many other Cor-
nell chemical engineers, Harriott recalled
especially the stress Rhodes placed on the
value of good technical writing. Student
laboratory reports were expected to be well
prepared, with careful analysis of data
and presentation of the material in concise
and proper form, and they were corrected
entirely by the faculty members super-

Harriott

vising the course. This practice has been
continued through the years, and has con-
tributed to Cornell's distinctiveness in
chemical engineering education, Harriott
said.

After graduating from Cornell in 1949,
Harriott entered the Massachusetts Insti-

tute of Technology for graduate work in
chemical engineering, and received the
Sc.D. degree in 1952. Before returning to
Cornell as a faculty member, he worked
for E. I. duPont de Nemours and Company
and the General Electric Company. He has
been a full professor since 1966.

Harriott is well known for his work in
the area of process dynamics and control.
He introduced course work in this sub-
ject into the Cornell curriculum, and
wrote a text, Process Control, which
was published by McGraw-Hill in 1964
and is still widely used in the United States
and abroad.

Much of his current research is directed
to the production of synthetic fuels from
coal, a process he believes will become a
necessity for the United States within the
next five to fifteen years. He and his
graduate students are conducting research
on nickel catalysts for the production of
methane—studying reaction kinetics and
developing catalysts for long life and high
activity. They are also working on the de-
sign of reactors for liquefying and gasify-
ing coal. The use of coal to produce
clean-burning nonsolid fuels, rather than
for the production of electricity, is en- 34
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vironmentally sound and almost economi-
cally competitive at the present time,
Harriott said; more research is needed to
improve the technology to the point of
commercial feasibility. Other recent re-
search Harriott has conducted is concerned
with crystal growth and with diffusion
phenomena in membranes.

In 1973-74 he spent a sabbatic leave at
the University of Salford in England, con-
tinuing his research on catalysis and reac-
tor design and teaching in graduate
courses. During an earlier leave, in 1966-
67, he held a post as senior postdoctoral
fellow at the Institute for Catalysis in
Lyon, France.

Throughout his teaching career, Har-
riott has maintained contact with industry.
He spent several summers working for
chemical processing and petroleum com-
panies and a year's leave in 1960-61 at the
American Cyanamid Company, and he has
served as a consultant and taught short
courses for industrial organizations.

He is a member of the American Chemi-
cal Society, the American Institute of
Chemical Engineers, and the honorary
societies Tau Beta Pi, Phi Kappa Phi, and
Alpha Chi Sigma.

This picture of Fred H. Rhodes, the Herbert
Fisk Johnson Professor of Industrial Chem-
istry, emeritus, was taken in 1971 on the
occasion of a testimonial dinner marking the es-
tablishment of the Fred H. Rhodes chair in
chemical engineering. Rhodes is shown (at
right) with Professor Kenneth B. Bischoff
(center) and visitors in an Olin Hall office. A
photograph of Rhodes is on the wall behind the
group.

Rhodes first came to Cornell in 1910 as a
graduate student in chemistry. After complet-
ing his doctorate, he taught chemistry for sev-
eral years at the University of Montana and at
Cornell, and then worked in industry for three
years before returning to Cornell as professor
of industrial chemistry.

In 1931 he succeeded in having a one-year
program leading to the advanced degree of
Chemical Engineer introduced into the chemis-
try program. In 1938 the School of Chemical
Engineering was created withing the College of
Engineering, and Rhodes became its first direc-
tor. At that time the chemical engineering fa-
culty numbered only two, including Rhodes
(Charles C. Winding, now an emeritus profes-
sor, was the other member). The School stead-
ily expanded and in 1947 moved into the new
Olin Hall, the first building on the Engineering
Quadrangle.

Professor Rhodes retired in 1957 after al-
most forty years of leadership in chemical en-
gineering education at Cornell.



Sudan Named IBM Professor
and Plasma Lab Director
• Appointed IBM Professor of Engineer-
ing and director of the Laboratory of
Plasma Studies this fall was Ravindra N.
Sudan, professor of electrical engineering
and of applied physics and a specialist in
plasma physics. He has been active in
Laboratory projects and served as chair-
man of the Laboratory steering committee
from 1972 to 1974.

The chair professorship to which Sudan
was named was established in 1962 as a re-
sult of a gift from the International Busi-
ness Machines Corporation.

The Laboratory of Plasma Studies is an
interdisciplinary center for research in
plasma physics and lasers. Some twenty-
five faculty members associated with the
Laboratory represent a variety of disci-
plines, including aerospace, electrical,
and mechanical engineering, physics and
applied physics, and chemistry.

Sudan's recent research has been con-
cerned with theoretical aspects of plasma
physics applicable to thermonuclear fusion
experiments. He is investigating pulsed
high-power electron and ion beams, and
the conditions of stability, microturbu-
lence, and anomalous transport in very
high-temperature plasmas. In the area of

space physics, he has developed theories
explaining the origin of very low fre-
quency radio emissions generated in the
magnetosphere of the earth and the turbu-
lent nature of the equatorial electrojet in
the ionosphere.

Sudan began his university education in
his native India, earning the B.A. degree
from the University of East Punjab in 1948
and the D.I.I.Sc. degree in electrical
techology from the India Institute of Sci-
ence in Bangalore in 1952. He was
awarded the J.N. Tata Endowment Scho-
larship for three years of graduate study in
England, and in 1955 received both the
D.I.C. degree from the Imperial College in
London and the Ph.D.in electrical engi-
neering from the University of London.

After working for several years as an
engineer in England and India, Sudan
came to Cornell in 1958. He began as a re-
search associate in electrical engineering,
working on the application of digital com-
puters to power system problems. In 1959
he was appointed to the faculty.

Sudan is a consultant to the Naval Re-
search Laboratory in Washington, D.C.,
the Lawrence Radiation Laboratory,
Livermore, and several industrial organi-

Sudan

zations. He has lectured on plasma physics
around the world, and has held visiting ap-
pointments at the United Kingdom Atomic
Energy Authority Culham Laboratory in
England, the Institute for Advanced Study
at Princeton University, and a number of
American universities.

He was a member of the Plasma Physics
Workshops held at the International Centre
for Theoretical Physics in Trieste, Italy, in
1965-66 and again in 1970, and he was an
organizer of the Working Group on rel-
ativistic electron beams which met at
Trieste in 1973. He spent a sabbatic leave
last year at the Naval Research Laboratory
as scientific adviser to the director of re-
search; during an earlier leave, in 1970-71,
he was head of the theoretical plasma
physics group at that laboratory.

Sudan is a fellow of the American Phys-
ical Society and a member of the Institute
of Electrical & Electronics Engineers and
Sigma Xi. In 1975 he was chairman of the
1975 Annual Meeting on Theoretical As-
pects of Controlled Fusion. He is a
member of the editorial board of Physics of
Fluids and a correspondent of the interna-
tional journal Comments on Plasma
Physics.
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FACULTY
PUBLICATIONS

The following publications and conferences papers by
faculty members and graduate students of the Cornell
College of Engineering were published or presented
during the period February through April 1975. Ear-
lier publications inadvertently omitted from previous
listings are included here with the date in parentheses.
The names of Cornell personnel are in italics.

• AGRICULTURAL ENGINEERING

Davis, D. C, and Rehkugler, G. E. 1975.
SIMTRAC—a computer program for simulating trac-
tor motions. Cornell University Department of Ag-
ricultural Engineering manual issued as part of project
for the National Institute for Occupational Safety and
Health, Public Health Service, U.S. Dept. of Health,
Education, and Welfare.

Irwin, L. //., and Gallaway, B. M. 1975. Influence of
laboratory test method on fatigue test results for asphal-
tic concrete. In Fatigue and dynamic testing of
bituminous mixtures, pp. 12-46. ASTM special techni-
cal publication 561. Philadelphia: American Society
for Testing and Materials.

Jewell, W. J.; Howley, J. B.; and Perrin, D. R. 1975.
Treatability of septic tank sludge. In Water pollution
control in low density areas, ed. W. J. Jewell and R.
Swan, pp. 445-478. Hanover, New Hampshire: Uni-
versity Press of New England.

Jewell, W. J., and Morris, G. R. (1974). The
economic and technical feasibility of methane genera-
tion from agricultural wastes. In Uses of agricultural
wastes, ed. P. J. Catania, pp. 132-164. Regina, Sas-
katchewan, Canada: University of Regina.

Jewell, W. J., and Swan, R., eds. 1975. Water pollu-
tion control in low density areas. Hanover, New
Hampshire: University Press of New England.

Jewell, W. J., et al. 1975. Egg Breaking and Pro-
cessing Wastes Control and Treatment. Paper read at
6th National Symposium on Food Processing Wastes

37 Research, 9-11 April 1975, in Madison, Wisconsin.

Levine, G., and Wickham, T. 1975. Some Critical Is-
sues in Irrigation Planning for Southeast Asia. Paper
read at Seminar on Water Resource Problems in De-
veloping Countries (Economic Development Insti-
tute), 3-4 April 1975, in Minneapolis, Minnesota.

Loehr, R. C. (1974). Water pollution problems as-
sociated with animal wastes and intensive animal feed-
lots in the United States portion of the Great Lakes
Basin. In International reference group on Great
Lakes pollution from land use activities—Management
programs, effects of research and present land use ac-
tivities on water quality of the Great Lakes, vol. 1, no.
8/9. Prepared by the U.S. section of Task Group A for
the Pollution from Land Use Activities Reference
Group of the International Joint Commission.

• APPUED AND ENGINEERING PHYSICS

Batson, P. E.; Chen, C. H.; andSilcox, J. 1975. Ex-
perimental Determination of Dispersion Curves with
Particular Reference to Bulk Plasmons in Al. Paper
read at Meeting of the American Physical Society, 31
March-3 April 1975, in Denver, Colorado.

Broden, G., and Rhodin, T. 1975. Photoemission
Spectroscopy of Chemical Reactions on Platinum-
Group Metals—Chemisorption of CO on Indium
(100). Paper read at Meeting of the American
Physical Society, 31 March-3 April 1975, in
Denver, Colorado.

Brucker, C, and Rhodin, T. 1975. Photoemission
Studies of Surface Reactions of Oxygen on a (100)
Iron. Paper read at Meeting of the American
Physical Society, 31 March-3 April 1975, in
Denver, Colorado.

Buchwald, M. I., and Wolga, G. J. 1975. Vibra-
tional relaxation of CO2 (001) by atoms. Journal of
Chemical Physics 62(7):2828-2832.

Chen, C. H.; Silcox, J.; and Vincent, R. 1975. Dis-
persion of solid state excitations. Chapter 19 in Phys-
ical aspects of electron microscopy and microbeam

analysis, ed. B. M. Siegel and D. R. Beaman. New
York: John Wiley.

Hui, K.-K.; Rosen, D. I.; and Cool, T. A. 1975. In-
termode energy transfer in vibrationally excited O3.
Chemical Physics Letters 32:141-143.

Jacket, L. D.; Clark, T D.; and Buhrman, R. A.
1975. Length Effects in the Current-Phase Relation
of Superconducting Microbridges. Paper read at
Meeting of the American Physical Society, 31
March-3 April 1975, in Denver, Colorado.

Leiderer, ?.\Nelson, D. R.; Watts, D. R.;
W. W. 1975. Tricritical slowing down of superfluid
dynamics in 3He-4He mixtures. Physical Review Let-
ters 34:1080-1083.

Lovelace, R. V.; Fessenden, T. J . ;Sudan, R. N.; and
Fleischmann, H. H. (1974). Astron E-layer equilib-
ria formed by injection. Physics of Fluids 17:2081-
2089.

Meger, R . A . ; L o v e l a c e , R . V.; Woodall, D M . ; a n d
Fleischmann, H. H. (1974). Effects of magnetic field
gradients on strong relativistic electron rings. Physics
of Fluids 17:2100-2106.

Rhodin, T., and Antonini, J. 1975. Discussion on
experimental studies of clean and chemisorbed
surfaces. In Proceedings of the Battelle material sci-
ences colloquium on the physical basis of hetero-
geneous catalysis, ed. R. Jaffee and E. Drauglis.
New York: Plenum.

Roberto, J. B.\Batterman, B. W.; Kostroun, V. O.;
and Appleton, B. R. 1975. Positive-ion-induced
Kossel lines in copper. Journal of Applied Physics
46(2):936-937.

Silcox, J. 1975. Dispersion of Solid State Excitations
by High Energy Electron Spectrometry. Paper read at
Meeting of the American Physical Society, 31
March-3 April 1975, in Denver, Colorado.

Spalt, H.; Lin, W.; and Batterman, B. W. 1975.
Study of the o> phase in Zr-Nb alloys by Mossbauer
and x-ray diffuse scattering. Journal of Applied Crys-
tallography 8:140.



Tanner, D. B.; Sievers, A. J; and Buhrman, R. A.
1975. Far-infrared absorption in small metallic parti-
cles. Physical Review B 11:1330-1341.

Warlaumont, J. M.; Jacket, L. D.; Brown, J. C;
Clark, T. D.; and Buhrman, R. A. 1975. Current-
Phase Relations in Superconducting Weak Link
Structures. Paper read at Meeting of the American
Physical Society, 31 March-3 April 1975, in Denver,
Colorado.

• CHEMICAL ENGINEERING

Bischoff, K. B. 1975. How drugs work in the body: a
new problem for chemical engineers. Engineer-
ing: Cornell Quarterly 9(4):23-27.

Fontaine, R., and Harriott, P. 1975. Kinetics of the
Methanation of CO over Supported Nickel Catalysts.
Paper read at Conference on Catalytic Conversion of
Coal, 21-23 April 1975, in Pittsburgh, Pennsylvania.

Kaplan, R. H., and Rodriguez, F. 1975. Kinetics of
free-radical polymerization of vinyl pyrrolidone
using a rotating-sector technique. In Polymer pre-
prints, vol. 16, ed. J. E. McGrath, pp." 459-464.
Washington, D.C.: American Chemical Society,
Division of Polymer Chemistry.

Shuler, M.L., and Tsuchiya, H. M. 1975. Determi-
nation of cell numbers and cell size for Thiobacillus

ferrooxidans by the electrical resistance method.
Biotechnology and Bioengineering 17:621-624.

Stevenson, J. F. 1975. You can make an artificial
kidney out of a cow's hide. Engineering: Cornell
Quarterly 9(4): 10-15.

• CIVIL AND ENVIRONMENTAL
ENGINEERING

Abel, J. F. 1975. Nonlinear Finite Element Analysis
of Large, Flexible Pipes. Paper read at Seminar on
Lateral Soil Pressures Generated by Pipes, Piles,
Tunnels, Caissons, held by the Dayton section of the
American Society of Civil Engineers, February 1975,
in Dayton, Ohio.

Acker, W. L. III. 1975. Basic procedures for soil
sampling and core drilling. Scranton, Pennsylvania:
Intext.

Brutsaert, W. 1975. Comments on surface roughness
parameters and the height of dense vegetation. Jour-
nal of the Meteorological Society of Japan 53(1):
96-97.

Cesario, F. J. 1975. Least-squares estimation of trip
distribution parameters. Transportation Research
9:13-18.

1975. A simulation approach to outdoor
recreation planning. Journal of Leisure Research
7(l):38-52.

D'Andrea, R. A., and Sangrey, D. A. (1975). Dis-
cussion of probabilistic analysis and design of a re-
taining wall. Proceedings oftheASCE, Journal of the
Geotechnical Engineering Division 101 nGTl:74-
75.

Sangrey, D.A.; Noonan, D. K. J.; and Webb, G. S.
1975. Variation in Atterberg limits of soils due to hy-
dration history and sample preparation. In Prepara-
tion of specimens for laboratory testing-effect on test
results, special technical publication 691, pp. 1-16.
Philadelphia: American Society for Testing and
Materials.

Slate, F. O. 1975. Low-cost housing for developing
countries. Masalah Bangunan (Regional Housing
Centre, Bandung, Indonesia) 20(1): 13-18.

White, R. N. 1975. Code requirements for nuclear
safety related structures (report of ACI Committee
349, R. N. White, member). Journal of the American
Concrete Institute 72:68-82.

• COMPUTER SCIENCE

Conway, R.W., and Gries, D. 1975. Introduction to
programming, 2nd ed. Cambridge, Massachusetts:
Winthrop.

Salton, G. 1975. A theory of indexing. In Regional
conference series in applied mathematics, no. 18.
Philadelphia: Society for Industrial and Applied
Mathematics.

Severance, D. G., and Duhne, R. (1974). A Prac-
titioner's Guide to Addressing Algorithms: A Col-
lection of Rules-of-Thumb. Paper read at Canadian
National Computing Conference, 4-8 December
1974, in Ottawa, Canada.

• ELECTRICAL ENGINEERING

Ballantyne, J. M.; Clark, M. D.; and Baidyaroy, S.
1975. Electroluminescent metal-insulator-
semiconductor devices. Paper AL5. APS Bulletin
(American Physical Society), series II, 20:556.

Ballantyne, J. M., and Tang, C. L. 1975. Some
aspects of thin-film integrated optical devices. In
Proceedings of 2nd international conference on elec-
trophotography, ed. D. R. White, pp. 206-210.
Washington, D C : Society of Photographic Scien-
tists and Engineers.

Bogan, Z., and Frey, J. 1975. Startup transients
and other differences between P + N and N + P struc-
tures as determined by analysis of TRAPATT diode-
circuit interactions. In Proceedings of 1975 interna-
tional solid-state circuits conference, pp. 96-97'.
Philadelphia: Institute of Electrical & Electronics
Engineers.

Burde, D.H.; McFarlane, R . A.; and Wiesenfeld, J.
R. 1975. Collisional quenching of excited iodine
atoms I(5p5 2 P1/2) by I2. Chemical Physics Letters
32:296-299.

Chan, V. W. S. 1975. A new approach to estimation
in quantum communications. In Proceedings of the
1975 conference on information sciences and sys-
tems, ed. V. D. Vandelinde, pp. 186-187. Balti-
more: Johns Hopkins University.

Chen, B. U., and Tang, C. L. 1975. Generation of
second-harmonic UV radiation using a nonlinear
substrate coated with a UV absorbing thin-film 38
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waveguide. IEEE Journal of Quantum Electronics
QE-11:177-178.

Clark, M. D. 1975. Electron tunneling and elec-
troluminescence by tunnel-injection through
evaporated aluminum oxide films. Materials Sci-
ence Center report 2463. Ithaca, New York: Cor-
nell University.

Clark, M. D.;Baidyaroy, S.; andBallantyne, J. M.
1975. Electron tunneling through evaporated
aluminum oxide films. Paper AL4. APS Bulletin
(American Physical Society), series II, 20: 556.

Clark, M. D.; Baidyaroy, S.: Ryan, F.; and Ballan-
tyne, J. M. (1974). Low-voltage tunnel-injection
electroluminescent devices. In Proceedings of the
international electron devices meeting, pp. 340-
343. New York: Institute of Electrical & Elec-
tronics Engineers.

Fejer, B. G.; Farley, D. T.; Balsley, B. B.; and
Woodman, R. F. 1975. Oblique VHF radar spectral
studies of the equatorial electrojet. Journal of
Geophysical Research 80:1307-13 12.

1975. Vertical Structure of the VHF
back-scattering region in the equatorial electrojet
and the gradient drift instability. Journal of
Geophysical Research 80:1313-1324.

Frey,J. \915. Microwave integrated circuits. Ded-
ham, Massachusetts: Artech House.

Horton, W., h.;Lovelace, R. V.ietal. (1974). Sta-
bility Theory of Dissipative Trapped-Electron and
Trapped-Ion Modes. Paper read at Fifth Conference
on Plasma Physics and Controlled Nuclear Fusion
Research, 11-15 November 1974, in Tokyo, Japan.

Klein, H.; Manheimer, W. M.; and On, E. 1975.
Parametric decay of intense radiation into a whistler
wave. Physics of Fluids 18:269-270.

Linke, S., ed. 1975. Proceedings of the Cornell
international symposium and workshop on the hy-
drogen economy. Ithaca, New York: Cornell Uni-
versity.

Manheimer, W.; On, E.; Boris, J.; Chu, K.; and
Callen, J. 1975. Stabilization of the dissipative
trapped electron instability by mode coupling. In
Proceedings of the annual meeting on theoretical
aspects of controlled thermonuclear research, p.
62. Washington, D.C.: Naval Research Labora-
tory.

McFarlane, R. A. 1975. Review of Electronic
transition lasers. Invited paper read at Fifth Winter
Colloquium on Electronic Transition Lasers, 3-5
February 1975, at Snowmass, Colorado.

Nation, J., andRead, M. 1975. Space charge limits
in unneutralized relativistic electron beams. Jour-
nal of Plasma Physics 13, part 1:127-137.

Ott, E., and Manheimer, W. M. 1975. Theory of
microwave emission by velocity space instabilities
of an intense relativistic electron beam. IEEE
Transactions on Plasma Science PS-3:1-5.

Yang, L., and Ballantyne, J.M. (1974). Epitaxial
growth over optical gratings on GaAs. Applied
Physics Letters 25:67.

• GEOLOGICAL SCIENCES

Barazangi, M.; Pennington, W.; and I sacks, B.
1975. Global study of seismic wave attenuation in
the upper mantle behind island arcs using P waves.
Journal of Geophysical Research 80:1079-1092.

Billing ton, S., and Isacks, B. 1975. Identification of
fault planes associated with deep earthquakes.
Geophysical Research Letters 2:63-66.

Isacks, B., and Stephens, C. 1975. Conversion of
Sn to Lg at a continental margin. Seismological So-
ciety of America Bulletin 65:235-244.

Sbar, M. L.; Jordan, R. R.\Stephens, C. D.; Pick-
ett, T. E.; Woodruff, K. D.; and Sammis, C. G.
1975. The Delaware-New Jersey earthquake of
February 28, 1973. Seismological Society of
America Bulletin 65:85-92.

• MATERIALS SCIENCE AND
ENGINEERING

Balluffi, R. W., and Blakely, J. M. 1975. Special
aspects of diffusion in thin films. Thin Film Solids
25:363-392.

I sett, L.C. 1975. The binding of carbon on Ni (100)
and a stepped Ni surface from equilibrium segrega-
tion studies. Materials Science Center report 2340.
Ithaca, New York: Cornell University.

I sett, L. C, and Blakely, J. M. (1974). An analog
technique for measurement of Auger electron cur-
rents: S on Ni (110). Review of Scientific Instru-
ments 45:1382-1385.

• MECHANICAL AND AEROSPACE EN-
GINEERING

Auer, P. L. 1975. Future Energy Options. Invited
paper read at Spring Meeting of the American Phys-
ical Society, 29 April 1975, in Washington, D.C.

Bartel, D. L. 1975. A Model of the Digit of the
Horse for the Study of Locomotor Disorders. Paper
read at National Science Foundation International
Workshop on the Biomechanics of Voluntary
Human Motion, 14-15 April 1975, at the University
of Florida, Gainesville.

1975. Mechanical analysis and design in
orthopedics. Engineering: Cornell Quarterly
9(4):2-9.

Bartel, D. L.; Marshall, J. L.; Schieck, R. A.; and
Wang,J. B. 1975. The Analysis of Surgical Proce-
dures for Treating Medial Instability of the Knee.
Paper read at 21st Annual Meeting of the Or-
thopaedic Research Society, 27 February-1 March
1975, in San Francisco, California.

Bartel, D. L., and Ulsoy, G. A. 1975. The Effects
of Stem Length and Stem Material on Stresses in
Bone-Prosthesis Systems. Paper read at 21st An-
nual Meeting of the Orthopaedic Research Society,
27 February-1 March 1975, in San Francisco,
California.

Bill, R. G., Jr., andGebhart, B. 1975. The transi-
tion of plane plumes. International Journal of Heat
and Mass Transfer 18:513-526.

Booker, J. F. 1975. Discussion on "Full journal
bearings under dynamic duty: Impulse method of
solution and flapping action" by H. Blok. Journal
of Lubrication Technology 97(2): 178-179.

de Boer, P. C. T. 1975. Specific power of internal
combustion engines. Appendix F of Survey of ad-
vanced propulsion systems for surface vehicles by
F. R. Riddell. Institute for Defense Analyses report
no. P-1073.

deBoer, P. C. T.; McLean, W. J.; and Homan, H.
S. 1975. Performance and emissions of hydrogen
fueled internal combustion engines. In Proceedings
of the symposium-course on hydrogen energy fun-
damentals, ed. T. N. Veziroglu. Miami Beach,
Florida: University of Miami.



Fagelson, J. J., and McLean, W. J. 1975. Analysis
of hydrogen as a reciprocating engine fuel. In Pre-
prints, vol. 20, pp. 114-126. Philadelphia: Ameri-
can Chemical Society, Division of Petroleum
Chemistry.

George, A. R. 1975. The interactions Between
Sound and Turbulence. Invited paper, 27 March
1975, at Virginia Polytechnic Institute and State
University, Blacksburg, Virginia.

1975. Research on helicopter noise.
Final report, contract DAHCO4-74-C-0001, AD-
A007261, U.S. Army Research Office.

Jaluria, Y., and Gebhart, B. 1975. On the
buoyancy-induced flow arising from a heated
hemisphere. International Journal of Heat and
Mass Transfer 18:415-431.

McLean, W. J. 1975. Alternative Automotive
Fuels—Some Prospects and Problems. Paper read
at Spring Meeting of The Combustion Institute,
Central and Western Sections, 21-22 April 1975, in
San Antonio, Texas.

Pera, L., andGebhart, B. 1975. Laminar plume in-
teractions. Journal of Fluid Mechanics 68 (part
2):259-271.

Phoenix, S. L. 1975. Probabilistic inter-fiber de-
pendence and the asymptotic strength distribution
of classic fiber bundles. International Journal of
Engineering Science 13:287-304.

Torrance, K. E., and Mahajan, R. L. (1974). Fire
Spread over Liquid Fuels: Liquid Phase Paramet-
ers. Paper read at 15th Symposium (International)
on Combustion, 25-31 August 1974, in Tokyo, Ja-
pan.

VanMoorhem, W. K., andGeorge, A. R. 1975. On
the stability of plane shocks. Journal of Fluid
Mechanics 68 (part 1):97-108.

Wang, K. K. 1975. Friction welding—an interpre-
tive report. WRC Bulletin no. 204 of the Welding
Research Council.

• OPERATIONS RESEARCH AND INDUS-
TRIAL ENGINEERING

Bechhofer, R. E., and Tamhane, A. C. (1974). An
iterated integral representation for a multivariate
normal integral having block covariance structure.
Biometrika 61 (3):615-619.

Billera, L. J. (1974). On games without side pay-
ments arising from a general class of markets. Jour-
nal of Mathematical Economics 1:129-139.

Billera, LJ., and Bixby, R. E. (1974). Market rep-
resentations of n-person games. Bulletin of the
American Mathematical Society 80(3):522-526.

Magazine, M. J.; Nemhauser, G. L.; and Trotter,
L. E., Jr. 1975. When the greedy solution solves a
class of knapsack problems. Operations Research
23:207-217.

Nemhauser, G. L., and Trotter, L. E., Jr. 1975.

Vertex packings: Structural properties and al-
gorithms. Mathematical Programming 8:232-248.

Santner, T. J. 1975. A restricted subset selection
approach to ranking and selection problems. Annals
of Statistics 3:334-349.

Taqqu, M. S. 1975. Weak convergence to fractional
Brownian motion and to the Rosenblatt process.
Zeitschrift fur Wahrscheinlichkeitstheorie und Ver-
wandte Gebiete 31:287-302.
Taylor, H. M. 1975. Optimal replacement under
additive damage and other failure models. Naval
Research Logistics Quarterly 22:1-18.

1975. A stopped Brownian motion for-
mula. Annals of Probability 3:234-246.
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