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ENVIRONMENTAL ENGINEER .. ... WHITHER GOEST THOU?1 

By Roy F Weston, 2 P.E. 

The Twentieth Century, to date, has been a fabulous period in the history of 
the world and in the development of the United States. The period has 
experienced the most dramatic changes in human life style, convenience, 
and comfort that the world has known. All but a small minority in our U.S. 
society routinely enjoy the benefits of food, clothing, housing, health care, 
conveniences, leisure, and mobility that were unavailable to even the ex
tremely wealthy in prior times. 

The United States has been a leader in the upgrading of its citizens' stan
dard of living. This upgrading has occurred in a society with a democratic 
political system and free enterprise economic system. It has occurred during 
a period of high improvement in labor productivity, large increases in per 
capita use of energy, and an ample supply of natural resources. Also, it has 
occurred during a period in which it has been learned that the processes of 
living, making a living, and improving the standard of living may create 
conditions that have an adverse impact on the health and welfare of seg
ments of our society, and on elements of the natural and man-made environ
ments. 

The occurrence of adverse impacts demonstrated the need for a branch of 
engineering concerned with the prevention and/or correction of adverse im
pacts on health, welfare, and the environment. Consequently, the engineer
ing discipline's predecessors to environmental engineering came into being. 

Prior to the 1940's, these predecessors worked primarily on activities related 
to public health. They were generally called sanitary or public health engi
neers. Their primary concerns were the control of disease associated with 
polluted water, contaminated food, vector control, and working conditions. 
Water pollution was just emerging.as a national problem. 

1The Annual Thomas R. Camp Lecture, presented at a meeting of the Environmental Group, 
March 7, 1979. 

2Chairman and President, Weston Designers-Consultants, West Chester, PA. 
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The government-sponsored environmental programs of those days were un
der the general direction of the medical profession. The sanitary and public 
health engineers frequently worked as members of interdisciplinary teams. 
They learned to understand the support sciences and to work with and use 
scientists in the development of engineering solutions to health problems. 

In the 1940's and 1950's, the primary environmental activity was water 
pollution control. All of the states passed water pollution control legislation, 
and the Federal government sponsored training and research and instituted 
its first grants for sewage treatment construction. Air pollution control and 
solid waste disposal were emerging as national problems. The handling, 
treatment, and disposal of radioactive wastes and radiation protection were 
addressed, but did not develop into a major environmental engineering ac
tivity. The regulatory concept of pollution control without regard to cost 
became prevalent during this period. 

Sanitary engineering was first officially defined in 1943. The American Sani
tary Engineering lntersociety Board was formed in 1955. It adopted the 
following definition of Sanitary Engineer: 

"The professional occupational title 'Sanitary Engineer' shall apply to ..... (those) who have 
fitted themselves by suitable specialized training, study, and experience (a) to conceive, design, 
appraise, direct and manage engineering works and projects developed, as a whole or in part, 
for the protection and promotion of the public health, particularly as it relates to the improve
ment of man's environment, and (b) to investigate and correct engineering works· and other 
projects that are capable of injury to the public health by being or becoming faulty in concep
tion, design, direction, or management. 

"The practice of sanitary engineering includes the following activities: 

I. Surveys, reports, designs, reviews, direction, management, operation, and investigation of 
works or programs for: 

a. Water supply, treatment, and distribution. 

b. The collection, treatment and disposal of community wastes, viz., sanitary sewage, 
industrial wastes, and refuse, including salvage and reclamation of useful components 
of such wastes. 

c. The control· of pollution of surface waterways and ground waters, and of surface and 
subsurface soils. 

d. Milk and food sanitation. 

e. Housing and institutional sanitation. 

f. Insect and vermin control or eradication. 

g. Rural, camp, and recreation place sanitation. 

h. The control of atmospheric pollution and air quality and of light, noise, vibration, and 
toxic materials, including application to work spaces in industrial establishments (in
dustrial hygiene engineering). 

i. The prevention of radiation exposure. 

j. Other fields that have as their major objective the control of environmental factors 
affecting health. 
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2. Professional research and development work supporting the activities listed in I. 

3. Responsible teaching of sanitary engineering subjects in educational institutions of recog
nized standing. 

It should be noted that sanitary engineering is interdisciplinary. Also, it is 
significant that sanitary engineers accepted the responsibility for correcting 
the problems created by others. They assigned themselves the responsibility 
of being the "clean-up profession." However, they did not require of them
selves that they perform this function economically. 

During this period, the primary environmental control activity was correct
ing existing water pollution problems (i.e., catching-up). Most of the prob
lems of water pollution control were not directly health related. They in
volved fish and wildlife protection, aesthetics, nuisance control, and resource 
degradation and use. 

The new technologies were oriented toward improvement of treatment pro
cesses to meet more restrictive treatment standards, and development of 
techniques for assessing environmental impact for establishing pollution con
trol requirements to meet ambient environmental quality standards. Thus, 
the interests of the 1950's initiated a broader base for what is now called 
environmental engineering. 

During the 1960's, the profession responded to the obvious need for better 
management of our resources. It embraced the concepts of air, water, and 
land resources management. In addition, it endorsed the concepts of waste 
recovery and reuse. Resources economics emerged as a technical discipline, 
and a number of environmental engineers entered the resources economics 
field. 

The change in emphasis from health to general environment, plus the bias of 
non-civil engineers and the industrial sector against the word "sanitary," 
created the climate for changing the name of the American Academy of 
Sanitary Engineers to the American Academy of Environmental Engineers 
(1965). 

It was in the 1960's that the profession accepted, for the first time, leadership 
of pollution control programs by a lawyer. The concept of non-degradation 
of the environment evolved during this period, as did the democratic process 
concepts of public participation and citizens' and class action lawsuits. The 
1960's produced Earth Day and ended with the passage of the National 
Environmental Protection Act (NEPA) in 1969. 

NEPA broadened the base of environmental concern far beyond that 
perceived by most members of the environmental engineering profession. 
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The act introduced the concepts of: current responsible trusteeship for 
succeeding generations; assurance of safe, healthful, productive, and aesthet
ically and culturally pleasing environment; attainment of the widest range 
of beneficial uses of the environment without degradation, risk to health or 
safety, or other undesirable and unintended consequences; preservation of 
important historic, cultural and natural aspects of our national heritage; 
maintenance, wherever possible, of an environment which supports diversity 
and variety of individual choice; achievement of a balance Between popula
tion and resource use which will permit high standards of living and a wide 
sharing of life's amenities; and enhancement of the quality of renewable 
resources and an approach to the maximum attainable recycling of deplet-
able resources. · 

The act introduced the concepts of environmental impact assessment and 
the need for environmental impact statements. The rules and regulations 
required a comparison of the "no action" alternative with the proposed 
action. 

The concepts are basically sound and, when properly applied, can enhance 
the public good. The initial environmental impact assessment activities re
sulted in overkill. Nevertheless, they provided the background and techno
logical base from which it is now possible to develop sound assessment docu
ments. 

As we entered the 1970's there was broad-based public support for environ
mental protection and a general feeling that abatement programs were not 
moving fast enough. Therefore, Congress passed water and air pollution 
control laws that scrapped the control logic developed during the 1950's and 
60's in favor of across-the-board treatment standards based on pre-selected 
level of ava,ilable technology. 

While I personally considered this approach a step backward, Congress took 
a step forward by placing a high priority on planning. The planning con
cepts of PL 92-500 are sound. Unfortunately, the timing and the choice of 
implementation agencies produced some boondoggles. Nevertheless, there 
were sound methodologies and excellent plans developed by the program. 
Some of this work substantiated what many of us knew; the super treatment 
of point sources will not, in itself, solve our water pollution problems. 

During the course of the 1970's, environmental management has been recog
nized by the United Nations as a global problem. The United Nations' 
Environmental Program concept encompasses both the natural and man
made resources available at a given time for the satisfaction of human needs. 
The concept embraces all fields covered by NEPA and endeavors to assure 
an understanding of the interrelationships among environment, economic 
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development, resource management, and the overall quality of life. The 
NEPA and UNEP concepts of environment and environmental protection 
demonstrate a concern for economics. In recognition of the fact that econom
ics must be of concern in environmental matters, WESTON established its 
econENVIRONomics Division in 1973. 

A partial list of the laws that compose the body of environmental law is 
given below. On the basis of this list, it can be seen that, over the years, the 
concept of environment and environmental engineering has broadened. 

Legislation Pertaining To Environmental and Health Protection 

Date 
1899 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1972 

1973 

1974 

1975 

1976 

Public Law 
33 USC 401-413 

PL 88-379 

PL89-80 

PL 89-665 

42 use 7401 
amended by 
PL 90-148 

PL 85-624 

PL91-190 

PL 92-574 

PL 85-264 

PL92-340 

PL 92-516 

PL 95-87 

PL 92-532 

PL 92-500 

PL 92-574 

PL 92-532 

PL 92-583 

PL 93-205 

PL 93-577 

PL 93-523 

PL 93-319 

PL 93-627 

PL 94-163 

PL 89-272 

Title 
Rivers and Harbors Act 

Water Resources Research Act of 1964 

Water Resources Planning Act of 1965 

National Historic Preservation Act of 1966 

Clean Air Act (amended in 1970, 1973, 1974, 1977) 

Wild and Scenic Rivers Act (amended 1972, 1974) 

National Environmental Policy Act of 1969 (NEPA) 

Occupational Safety and Health Act . 

Fish and Wildlife Coordination Act 

Ports and Waterways Safety Act of 1972 

Federal Pesticide, Fungicide & Rodenticide Act (amended 
1975, 1978) 

Surface Mining Control & Reclamation Act of 1972 

Marine Mammal Protection Act (amended 1973, 1977) 

Federal Water Pollution Control Act Amendments of 1972 
(amended 1974, 1975, 1976, 1977, 1978) 

Noise Control Act of 1972 (amended 1976) 

Marine Protection, Research and Sanctuaries Act of 1972 

Coastal Zone Management Act of 1972 (amended 1976, 
1978) 

Endangered Species Act (amended 1976, 1977, 1978) 

Non-nuclear Energy Research and Development Act of 
1974 

Safe Drinking Water Act (amended 1977) 

Energy Supply and Environment Coordination Act of 1974 

Deep Water Port Act of 1974 

Energy Policy and Conservation Act (amended 1976, 1977) 

Resource Conservation and Recovery Act of 1976 (origi
nally PL 89-272 1965; amended 1970, 1973, 1975, 1976) 
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Toxic Substances Control Act (TOSCA) 

1977 

PL94-469 

PL 95-192 

PL95-91 

Soil and Water Resources Conservation Act of 1977 

Department of Energy Organization Act of 1977 

National Energy Act 1978 

1978 

(Series of 5 Laws) 

PL 95-604 Uranium Mill Tailings Control Act 

The preceding brief review of the past leads to the following assessment of 
the current situation: 

1. Environmental engineering it not a monolithic profession. Instead, it 
is a conglomerate of engineering specialties that have a common pur
pose relative to human health, welfare, and the quality of life. The 
different specialties will always be needed. There will always be a 
need for those who can effectively solve micro or local problems and 
those who must concern themselves with the macro problems (i.e., the 
big picture). Each must have a basic understanding of the fundamen
tal principles that should govern the decisions and actions of the 
other. The predecessors to the environmental engineer demonstrated 
understanding and vision in their categorization of the elements of 
environmental engineering and in their recognition of the commonal
ity of purpose. The environmental engineer can be proud of his heri
tage. 

2. The environmental movement has gained momentum in a relatively 
short period of time, i.e., thirty years or less. The time has been short 
for the development and the practical demonstration of all the many 
methods, processes, apparatus, systems and facilities needed to pro
vide management and engineering solutions to existing and potential 
problems. It is not surprising that program implementation has 
lagged behind expectations. The management and technological 
problems associated with program implementation and a technologi
cal leadership void have led to the perception that environmental 
quality control is a legal rather than a technological problem and that 
resources management is an accounting problem. 

3. Current public support of the environmental movement remains 
strong. Real need, plus a combination of special interest forces, will 
keep the movement aggressive for some time to come. However, there 
is increasing evidence that the public expects progress at a reasonable 
cost. 

4. The concept of environment and environmental protection has ex
panded with time from a primary interest in health protection, to a 
primary interest in pollution control, to an interest in all aspects of the 
environment, including both natural and man-made elements. At the 
same time, the proliferation of chemicals and the impact of some 
chemicals on human health has brought about a strong, renewed 
interest in public health. 
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5. During the course of the development of environmental protection 
technology, certain substances have been established as hazardous to 
human health. At the same time, chemists and physicists have im
proved analytical capabilities so that many of these hazardous sub
stances can be detected in concentrations well below the concentra
tion levels that are known or believed to be harmful. These circum
stances have raised the controversial issue of possibility versus proba
bility. TOSCA endeavors to address this issue with the concepts of 
"acceptable" or "unreasonable" risk. 

6. To date, the primary activity of the environmental engineer has been 
that of correcting problems created by others. For the most part, this 
activity has been pollution control or control of environmental qual
ity through engineering. The profession has developed the concepts 
and designs necessary to achieve technically sound and economical 
solutions to individual problems. The concept of combining preven
tion with cure and of management of the total resource has achieved 
effectiveness with economy. 

7. Currently, inconsistencies and conflicts are occurring that indicate the 
need for coordination and integration of the individual pollution con
trol programs, e.g., air, water, solid waste. In addition, in many in
stances, there is evidence of a need to improve the quality of operation 
of control facilities. 

8. The handling, processing, and disposal of radioactive wastes, particu
larly nuclear power wastes, never became a significant environmental 
engineering activity. This important activity involving the correction 
of problems created by others has not been appropriately addressed 
by environmental engineers, is currently in limbo, and is of primary 
significance in the nation's energy programs. 

9. The environmental movement has been in existence long enough that 
the peak of catch-up engineering design activity is past in some tech
nological areas (i.e., water pollution control); is just approaching for 
some (i.e., air pollution control, hazardous waste disposal); and will 
be some time in the future for others. However, the regulations, in 
general, are becoming more strict and more specific (i.e., priority 
pollutants), and the need for more sophisticated treatment and/or 
control procedures will provide a continuing need for design, opera
tion, and management services. In spite of the progress that has been 
made and the public support of the environmental movement, the 
delays in programs have led to new laws. 

10. The body of law that has evolved provides the opportunity for envi
ronmental regulations to impact significantly, not only our natural 
environment, but also the social, economic, and institutional elements 
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of our society. Each law is based on real need for environmental 
protection. However, it is becoming obvious that environmental con
siderations and regulations have the potential for significant adverse 
impact on productivity, energy availability, and resource manage
ment. Actions or no actions, in the name of the environment, have the 
potential for adversely influencing our overall quality of life. Al
though there appears to be controversy as to what is or is not an 
appropriate level of control, a need for balance in control is obvious to 
all, i.e., a balance in benefits versus costs, rewards versus risks. 

The past is just the prologue to the future. In looking to the future, certain 
projections can be made: 

1. Environmental engineering will continue to be a multidiscipline engi
neering profession and will continue to be a profession that relies 
heavily on the coordinated and integrated efforts of multidiscipline 
technology teams. 

2. Environmental engineering will continue to require expertise at both 
the micro level, involving detailed management, problem solving (in
cluding research), design and operations oflocal systems and facilities, 
and the macro level involving the establishment of policy and overall 
programs and systems management. The need for better coordination 
and integration of the separate environmental engineering disciplines 
will increase significantly so that the general environmental engineer
ing will become more important. 

3. Environmental engineering problems, as we know them today, will 
become more complex, requiring more sophisticated technological so
lutions, more effective analytical and implementation systems, and 
better management techniques. Some unsolved problems requiring 
solution include: management and control of the manufacture, use, 
and/or release of toxic substances to the environment; the recovery, 
reuse, and/or environmentally-sound disposal of waste (i.e., including 
nuclear power wastes); the control of non-point sources of pollution; 
control and treatment of combined sewer overflows; the management 
of environments in which the natural quality does not meet regula
tory standards; pollution prevention as opposed to cure; the exploita
tion of energy sources; and the development and operation of im
proved energy conversion systems (they now lose 60 percent or more 
of the available energy) and the minimization of energy use. Unsolved 
existing problems, plus the problems associated with new housing, 
commercial, industrial, recreational and other development, all add 
up to unbelievable challenges for the future. 

4. Just as development has improved the standard of living but in doing 
so has created health and environmental problems, so the current 
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environmental movements and legislated programs have the potential 
of solving the problems created by development while at the same 
time, directly or indirectly, limiting or reducing the benefits from 
development. Environmental engineers must assure that measures to 
protect natural environment, e.g., air, water, and land (as indepen
dent resources without regard to cost; consideration of "no action" 
alternatives when "hard" evaluation criteria are not available; and 
the prohibition or limitation of use of materials for which environ
mental acceptability information may not be adequately available) 
do not unduly limit production, constrain energy development, or 
waste resources (including capital resources). Since environmental 
considerations can determine how and where people live, how and 
where they make their living, and whether or what people can pro
duce or use to improve their living standard, environmental engineers 
should respond to the challenge to conceive and design economical 
management and control systems to attain the objectives of the law 
without undue reduction in other living standards. The economical 
solution of environmental problems is mandatory. This will require 
efficient administration and sound interpretation, and implementa
tion and correction of deficiencies of the law. 

5. Environmental engineers at the policy level must develop methods, 
procedures, systems, and programs to evaluate the potential impact of 
governmental programs on the total quality of life, as well as the 
natural environment. They should endeavor to arrive at publicly
acceptable techniques for evaluating risk and for decision-making in 
the presence of uncertainty. 

6. Non-technical constraints of social and political nature may require 
the development of "hard" cost/benefit and risk/benefit criteria for 
evaluating alternatives and for aiding in the decision-making process. 
Environmental engineering may be the technological discipline that 
needs a new brand of economics (social economics) that can be used 
to evaluate alternatives better than present-day, self-interest econom
ics. In any event, the environmental engineer must become more in
volved in public debate and a more effective communicator. 

The challenges to the environmental engineer are staggering. The principles 
and technologies, developed and in the process of development, by environ
mental engineers are badly needed by society. The implementation of sound 

, technologies on a cost-effective basis is imperative. Those with environmen
tal engineering training and experience have backgrounds for making signif
icant contributions to society. 

I hope there are young persons who think of themselves as environmental 
engineers that have the courage, determination, and wisdom to lead the 
profession to the fulfillment of its destiny. 





SELECTIVE WITHDRAWAL STRUCTURE FOR DICKEY DAM 

By David P. Buelow I and Richard]. DiBuono, 2 M ASCE 

Introduction 

Dickey Lake is the main component of the proposed Dickey-Lincoln School 
Lakes hydroelectric power development project on the Saint John River in 
northern Maine. During the preconstruction planning phase of the project, 
the need was identified to control the quality of water discharged, from 
Dickey Lake and, ultimately, Lincoln School Lake, in order to minimize 
impacts of the project on the downstream environment. The Saint John 
River in the vicinity of the project is entirely within the State of Maine; 
however, two miles downstream from Lincoln School Lake, it forms the 
international boundary between the United States and New Brunswick 
Province, Canada. Effects of the project on water quality were therefore 
viewed from both the state and international standpoint. 

A preliminary design has been developed for a selective withdrawal structure 
for Dickey Dam capable of controlling the quality of water discharged from 
the project. This paper highlights studies performed by the New England 
Division, U.S. Army Corps of Engineers relative to design considerations for 
the structure and discusses its ability to meet objectives. 

Project Description 

The proposed Dickey-Lincoln School Lakes project will be located on the 
upper Saint John River in the northern part of the State of Maine (Figure 
1). The• project purposes are flood control and power generation. Dickey 
Lake will be the primary facility impounded by the 335-foot high Dickey 
Dam and will contain 7. 7 x 106 acre-feet of storage at maximum pool eleva
tion, 910 feet ms!. Lincoln School Lake, the secondary facility, will be im
pounded on the Saint John River by Lincoln School Dam, 90 feet high, 11 
miles downstream from Dickey Dam. The Dickey project will be operated to 
provide peaking power during periods of high electrical demand. Usable 
storage of 2.9 x 106 acre-feet between elevations 868 and 910 feet ms! is 
available for power production. The proposed operation will result in high 
rates of discharge from Dickey Lake for variable, but normally short, periods 
during any day. Initial development at Dickey Lake calls for four 190 mw 
generators powered by Francis turbines fed by 27-foot diameter penstocks. 
One of the turbines will be reversible to allow for the pumpback of water 
into Dickey Lake from Lincoln School Lake. Ultimate development at Dick
ey will include two additional 190 mw reversible turbines. Discharges 

I. Hydraulic Engineer, New England Division, Corps of Engineers, Waltham, Massachusetts 
2. Chief, Hydraulic Design and Water Quality Section, New England Division, Corps of Engi

neers, Waltham, Massachusetts 
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through each turbine for power production will be about 10,000 cfs, and 
pumpback will be at the rate of about 8,000 cfs per reversible turbine. The 
penstock headworks will be located on a hill on the right bank of the river. 
The penstock inverts will be at elevation 810 feet ms! and the selective 
withdrawal structure will be a part of the head works. 

I 

DICK~:~ ,_.,..11,"""": i~ l 

·:~ 

Figure I. Location Map 

\. 
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Dickey Lake will be operated to store the spring snowmelt runoff of the Saint 
John River that normally occurs during April, May and June and accounts 
for about two-thirds of the total annual runoff. The pool will be drawn down 
during the winter and refilled in the spring. It will remain high during the 
summer and autumn until winter when the maximum power demand in 
New England occurs. The annual capacity factor for Dickey is about 15%, 
meaning that it is capable of being operated at full capacity 15% of the time 
during the year. 

Lincoln School'Lake will have a maximum storage capactiy of about 86,000 
acre-feet and will be operated to reregulate discharges from Dickey Lake and 
to provide lower pool storage for the Dickey Dam pumped-storage feature. 
The powerhouse will contain three Kaplan turbines with one 10 mw and 
two 30 mw generators that will produce intermediate load power. The maxi
mum discharge rate will be 16,000 cfs. A minimum discharge of 1,000 cfs 
will be maintained at all times. 
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Coordination 

At the outset of preconstruction planning, it was anticipated that the pro
posed Dickey Lake, because of its morphometry, climatic and hydrologic 
setting, and planned mode of regulation for peaking power generation, 
would possibly have significant impact upon the quality of water in the 
Saint John River, particularly on the temperature regime. Water quality 
investigations were initiated to serve both as a basis for defining environmen
tal impacts and for designing the outlet works at Dickey Dam to meet 
downstream objectives. 

Establishment of the water quality objectives and related environmental 
criteria entailed a significant amount of coordination with the various water 
resources, environmental protection and fish and wildlife management agen
cies of the State of Maine, also with Northern Maine Regional Planning 
Commission, which prepared the 208 Water Quality Plan for the Saint John 
River basin, and the U.S. Environmental Protection Agency. Since the Saint 
John River is. an international stream, discussions regarding desired water 
quality conditions were also held with officials of the Province of New Bruns
wick and the Canadian Department of the Environment (Environment Can
ada). Coordination with the Canadians on both the provincial and Federal 
level was restricted to an informal exchange basis pending the initiation of 
formal negotiations between the two nations on the Dickey-Lincoln School 
Lakes project. The informal exchange of ideas and information regarding 
the water quality aspects of the project with the Canadians was facilitated 
by the Canada-United States Committee on Water Quality in the Saint 
John River[l]. This Committee has been charged with the responsibility of 
establishing water quality criteria for the international portions of the Saint 
John River. To a large extent, these criteria have predominated in the water 
quality investigations of the Dickey-Lincoln School Lakes Project. 

Surprisingly, however, none of the coordination just described led to the 
establishment of specific streamflow temperature objectives. Thus it was de
cided to ascertain and use the natural temperature regime of the river as a 
basis for designing the selective withdrawal structure and to measure, 
through mathematical model simulation, the structure's effectiveness in 
eliminating or minimizing adverse discharge water temperatures urider sim
ulated hydro-power generation. This decision has met with general agree
ment. 

Design Considerations 

Dickey Lake will be a deep, cold water, dimictic lake [2]. Preliminary simu
lations of the lake's thermal regime using a generalized mathematical model 
indicated that strong temperature stratification would develop and would be 
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characterized by a shallow 15 to 25 foot epilimnion zone and a deep and 
cold hypolimnion in the bottom 280 feet of the lake. Hypolimnion tempera
tures will remain around 39°F all year; summer epilimnion temperatures 
will range from 59°F to 72°F. Although some warming of Dickey Lake 
discharge waters was expected to occur in the Lincoln School Lake reregu
lating pool, it was recognized that, to meet the adopted natural temperature 
objective range for the river downstream from Lincoln School Lake, with
drawal of water from the epilimnion would be necessary. 

TYP. 
TRASH RACK 

(PARTIAL) 

MAXIMUM POOL 
EL. 910.0 

MIN. POOL 
EL. 868.0 

TYP. SELECTOR GATE 

EL. 800.0 

SELECTOR GATE CONTINUES 
DOWN IN SLOT TO EL. 759.0 

Figure 2. Typical Selective Withdrawal Structure 

The prime consideration for design of the withdrawal system was the need to 
insure total reliability of the discharge capacity required for power genera
tion. This meant that fixed-level orifice intakes could not be located within 
the 42-foot active storage zone; this put the highest acceptabJe invert eleva
tion in the upper portion of the hypolimnion under normal summer pool 
level conditions. A high-lev<;l weir with adjustable crest elevation was chosen 
for the preliminary design of the withdrawal structure. A facility of this type 
is capable of meeting both the discharge reliability requirement and the 
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epilimnion withdrawal criteria. This design concept was translated into a 
plan for a structure composed of a series of selector gates, each 20 feet by 86 
feet. Four gates will service each penstock, and, when positioned with a 
minimum submergence of 23 feet, will provide the required 10,000 cfs dis
charge. The weir crests will therefore be located in the lower portion of the 
epilimnion. Figure 2 is a sketch of the proposed selector gate structure. 

Ease and flexibility of operation are inherent in the structure design. 
Changes in weir crest elevation can be made by raising or lowering the entire 
gate. This method of operation is much mor~ convenient than a similar 
segmented gate arrangement that requires that entire bulkhead sections be 
lifted and removed in order to adjust the crest elevation. Relatively fine 
adjustment of the selector gates to maintain desired flow and withdrawal 
characteristics will also be possible. Flexibility of operation stems from the 
fact that the gates can be set at any elevation at or below the 23-foot submer
gence or they can be lifted to create a deep orifice intake at the penstock 
invert elevation, 810 ft msl. Thus, the temperature of the discharge can be 
controlled with maximum flexibility, and selective withdrawal can be made 
for any downstream objective (natural, cold water or combination). 

The one complicating factor that will affect the use and final design of the 
selector gate structure is the fact that at least one of the turbines at Dickey 
Dam will have to be reversible. During low power demand each day, water 
will be pumped back through the penstock into Dickey Lake. Present think
ing is that the pumpback flow will be directed over the top of the selector 
gates; however, analysis of flow conditions has not been performed. A deter
mination of the need for a hydraulic model study and evaluation of pressure 
relief panel requirements will follow in the next stage of project design. 

Evaluation Of Performance 

A physical hydraulic model study of the proposed selector gate structure was 
conducted at the U.S. Army Engineer Waterways Experiment Station 
(WES) in Vicksburg, Mississippi [3]. Purposes of the study were to identify 
and define any unique withdrawal characteristics of the structure, to modify 
the WES generalized selective withdrawal mathematical algorithms based 
upon the findings, and to incorporate them into a mathematical model of 
the lake's heat budget that would allow simulation of the actual operation of 
the two-lake system. An undistorted scale model of the intake structure and 
local topography of Dickey Lake was used to observe the selective with
drawal and pumpback mixing characteristics, and a distorted scale model of 
the entire Dickey-Lincoln School Lakes development was used to define the 
hydrodynamics of the system. 
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Performance of the selector gate structure was evaluated in terms of its 
effectiveness in meeting the natural stream temperature objective immedi
ately downstream from Lincoln School Dam and in controlling diurnal vari
ations in temperature 18 miles downstream at Fort Kent, Maine. 

A sensitivity analysis was performed, using the mathematical model devel
oped at WES; it indicated that selector gate operation with a 23-foot sub
mergence, and with pumpback directed over the top of the gates, provided 
the warmest possible discharge temperatures. Predictions of discharge tem
peratures from Lincoln School Lake for selected study years were then made. 
The temperatures generally fell within the objective temperature range, and 
it was evident that cooler discharge temperatures from Dickey Lake would 
have resulted in non-attainment of the objective. 

Unsteady flow and temperature routings were performed for the Saint John 
River downstream from the project using regulated Lincoln School Lake 
discharges and discharge temperatures as initial conditions. The results of 
this study are presented on Figure 3. It can be seen that after construction of 
the project, temperatures will be lower than natural. The diurnal variations 
will 'be similar in pattern, but, under hydropower operation, the magnitude 
of variation will be slightly greater. In addition, the times of maximum and 
minimum temperature and the rate of change of temperature will be differ
ent from natural, depending primarily upon the time of day that the flows 
from hydropower generation pass Fort Kent. 
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Conclusions 

A preliminary design for a selective withdrawal structure for the penstock 
intakes at Dickey Dam has been formulated. The structure, consisting of a 
series of selector gates, will provide the warmest possible temperature of 
water discharged from Dickey Lake into Lincoln School Lake for hydro
power generation. This in turn makes it possible for the temperature of the 
discharges from Lincoln School Lake to meet the downstream temperature 
objective for the Saint John River. The water temperature regime farther 
downstream will be modified; however, diurnal variations are expected to be 
similar in pattern and of slightly greater magnitude. 
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Conversion Factors, U.S. To SI Units 

MULTIPLY 

feet 
miles (U.S. statute) 
acre-feet 
cubic feet per second 

BY 

0.3048 
1.609 
1233.482 
0.0283 

degrees Celsius= (degrees Fahrenheit - 32)/1.8 

TO OBTAIN 
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cubic metres 
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MEETINGS HELD- TECHNICAL GROUPS 

Computer Group 

October 24, 1979. Dinner meeting at MIT Faculty Club. Speaker, Dr. Ziad Ramadan, Project 
Manager, Multisystems, Inc. Subject, "The Massachusetts Bay Transportation Authority Inte
grated Cost and Scheduling Control Systems." Attendance 43. 

December 11, 1979. Dinner meeting at MIT Faculty Club. Speaker Mrs. Donna Cheney, Partner, 
Harvard Associates. Subject, "Word Processing in an Engineering Office." Attendance 29. 

Construction Group 

September 19, 1979. Dinner meeting at MIT Faculty Club. A Panel Discussion, "Wetlands Con
struction. Participants, James C. Colman, Director, Division of Wetlands Protection, Depart
ment of Environmental Quality Engineering; Roderick C. Gaskell, Investigator and Technical 
Advisor, Wetlands and Water Resources, Department of the Attorney General; Charles P. 
Margi, Principal, J & C Homes, Inc.; Gregor I. McGregor, attorney; and Anton T. Moehrke, 
Assistant Attorney General, Environmental Protection Division. Moderator, Charles Rosselli, 
Vice President of the Construction Group. This was an official BSCE Section meeting. Atten
dance 68. 

Environmental Group 

November 7, 1979. Dinner meeting at Purcell's Restaurant. Speakers, Robert A. Weimar, Project 
Engineer, Camp Dresser & McKee; and Dean R. Johnson, Research Director, Massachusetts 
Special Legislative Commission on Water Supply. Subject, "Well Contamination - A Solvable 
Problem." This was an official BSCE Section meeting. Attentance 60. 

The Environmental Group, in cooperation with MIT, is also sponsoring the 1980 Thomas R. 
Camp Lecture Series on "Water and Wastewater Engineering"; six lectures beginning January 
29, 1980. 

Geotechnical Group 

September 12, 1979. Dinner meeting at Joseph's Aquarium Restaurant. Speaker, Dr. Ernest T. 
Selig, Professor, University of Massachusetts, Amherst. Subject, "Geotechnical Aspects of Rail
road Track Performance." Attendance 43. 

December 18, 1979. Dinner meeting at Mugar Hall, Tufts University. Speakers, Denis L. Rossi, 
Senior Staff Corrosion Engineer, Heath Consultants, Inc.; David R. Cogley, Senior Staff Scien
tist, GCA Technology Division; and Harold L. Gordon, Electrical Engineer, Stone & Webster 
Engineering Corporation. Subject, "Underground Corrosion Considerations in Stray Current 
and Chemical Waste Environments." Attendance 63. 

The Geotechnical Group also is sponsoring a Lecture Series on Embankment Dams; six lectures 
beginning October 17, 1979. 
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Hydraulics Group 

October IO, 1979. Evening meeting at Parsons Water Resources Laboratory, MIT. Speaker, 
Frank Gilbert, Supervisor, Equipment and Systems Testing, Stone & Webster Engineering 
Corporation. Subject, "The Three Mile Island Incident." This was an official BSCE Section 
meeting. Attendance 18. 

December 6, 1979. Evening meeting at Parsons Water Resources Laboratory, MIT. Speaker, B. 
H. Adams, Project Manager, Klienschmidt & Dutting, Inc. Subject, "Small Hydro Develop
ment in New England." Attendance 42. 

Structural Group 

October 3, 1979. Evening meeting at the Green Building, MIT. Speaker, Dr. John W. Reed, 
President, Jack R. Benjamin and Associates, Inc., Palo Alto, California. Dr. Reed presented the 
paper for which he received the 1979 T. R. Higgins Lecturership Award of the American 
Institute of Steel Construction, entitled "Human Response to Wind-Induced Motion of Build
ings" co-authored by Robert]. Hansen and Erick Vanmarcke. Attendance 90. 

December 12, 1979. Evening meeting at Ell Student Center, Northeastern University. Panel 
discussion on "New 1979 Massachusetts Building Code - Structural Aspects." Speaker, George 
S. Brattin, State Code Commission Staff; H. William Hagen, Loads Advisory Committee; 
Michael W. C. Emmerson, Soils Advisory Committee; and Howard Simpson, Seismic Advisory 
Committee. This was an official BSCE Section Meeting. Attendance 80. 

The Structural Group is also sponsoring a Lecture Series on "Structural Renovation & Rehabil
itation of Buildings; six lectures beginning October 9, 1979. 

Transportation Group 

September 27, 1979. Lucheon meeting at Nick's Restaurant. Speaker, Representative Louis R. 
Nickinello, Massachusetts Legislature. Subject, Current Transportation Legislation. Attendance 
39, 

LECTURE SERIES 

Professional Engineers Refresher Course 

In addition to the Lecture Series noted above, offered by the Environmental, Geotechnical and 
Structural Groups, the BSCE Section, with the cooperation of MIT, has arranged for two 
refresher courses of lectures for those preparing to take the examination for professional registra
tion; twelve evenings for each, one beginning September 18, 1979, the other on January 19, 
1980. 

MONTHLY LUNCHEON SERIES 

A new monthly lucheon series is being held this year. The first one was held on November 13, 
1979, in the Great Hall at Quincy Market, Boston. The speaker was Joseph C. Lawler, Chair
man, Camp. Dresser & McKee, Inc. 
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WESTERN MASSACHUSETTS BRANCH 

Dinner Meetings Held 1978-1979 

Date 

9/26/78 

11/14/78 

2/6/79 

4/10/79 

5/30/79 

Topic and Speaker 

Tqµr of the Springfield Water Treatment 
Plant-John H. Willis of Camp, Dresser & 
McKee 

The MBTA Trolley and Transit System
A. R. Goodlatte of the MBTA Ooint 
Meeting with Connecticut Section) 

Water Hammer & Air Entrapment-Peter 
Glazier of Johns-Manville Corp. Ooint 
Meeting with UMASS Student Chapter) 

Opportunities for Civil Engineers Upon 
Graduation-Joseph S. Ward, President
Elect of ASCE National 

Why Nuclear Power?-William E. 
Semanic of Northeast Utilities 

Location 

Westfield 

East Windsor, 
Connecticut 

UMASS 

UMASS 

South Deerfield 

Attendance 

36 

100 

40 

70 

35 



ANNOUNCEMENT 

Freeman Hydraulics Prize 

The Boston Society of Civil Engineers, now a section of the American Soci
ety of Civil Engineers, announces an annual prize of $2,500 for an exception
ally useful paper in the field of hydraulic engineering. To qualify for the 
prize, the paper submitted must be comprehensive. It must trace the historic 
development of a thesis, explain its theoretical basis and give detailed practi
cal examples of, and cite pitfalls avoided by, its application. The paper must 
be original in its overall presentation, though it can cover the state-of-the art 
in a superior manner. It should be well illustrated and edited. 

All papers submitted shall become the exclusive property of the Boston 
Society of Civil Engineers Section American Society of Civil Engineers - a 
non-profit, tax-exempt, professional organization. The papers or major parts 
thereof shall not be or have been submitted for publication to or published 
by any other organization - public, private, or academic. The Section will 
publish all prize-winning papers in its regular journal and will encourage 
publication in the Journal of Hydraulics Division, ASCE, and may also 
publish the papers separately or in special collections. More than one prize 
may be awarded in a given year, but this might necessitate deferment of 
future prizes. While non-prize-winning papers submitted may qualify for 
publication in the journals, authors of such papers will be given the option of 
withdrawing them. 

The prize is available through the generosity of the late John R. Freeman, 
one of the great civil engineers of the early part of the century, who left a 
substantial sum of money to the Boston Society of Civil Engineers for pur
poses such as this. Papers will be judged by the Section's John R. Freeman 
Fund Committee. They should be submitted by registered mail to the Free
man Fund Committee, c/o Boston Society of Civil Engineers Section Ameri
can Society of Civil Engineers, 80 Boylston Street, Boston, Massachusetts 
02116. Prize(s) (if any) will be awarded in December of each year and 
papers, to be eligible, must be received by the Committee before July. Inter
ested applicants are invited to correspond with the Committee before pre
paring final applications. 

The John R. Freeman Fund Committee 

David R. Campbell, Lawrence C. Neale 
Donald R. F. Harleman, Harry L. Kinsel 

Lee Marc G. Wolman, Chairman 
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