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PREFACE 

The general approach to addressing water resource management problems has 
changed in scope and complexity. Formerly, a single governmental agency 

was relatively autonomous in its decisions; now other governmental agencies 
and private groups have a voice. The impact of water resource decisions is 

appreciated as never before by the general public. It is this kind of complex 
decision-making world which awaits graduates of water resource management 
programs. 

Water resource management education poses an important, yet difficult, 
challenge to the university community and resource managers. Few would 
argue the fact that students must develop a basic understanding of water 
resource systems, but are we achieving this? Certainly with all the changes in 

public attitudes on environment and ecology, the time is ripe for a critical 
evaluation of educational objectives~ methods, and attitudes. 

Water resource management problems are usually complex and inter­
disciplinary, with the public integrally involved in the decision-making 
process. These kinds of problems do not fit well into conventional lecture 
format. Problem solving and decision making under uncertainty are too 
important to be omitted from our educational programs. One possible 
solution available to university professors is the computer simulator used as 
an integrative teaching tool. 

Robert T. Lackey 
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ABSTRACT 

Computer-implemented learning exercises involving large system management 
should become an important natural resource educational tool. DAM 

illustrates the principles of managing a large multiple-use reservoir system. 

Stages in the development of DAM were: ( 1) model conceptualization; (2) 
model quantification and implementation; and (3) model refinement. The 
finished product is based on the use of economic and quantity numerical 

accumulators and a random number generating function. Management realism 

and role switching enhance DAM's value as a tool for acquainting students 

with management based on total system understanding. 



INTRODUCTION 

Actual management experience is a valuable commodity to practicing water 
resource managers. A manager's decision-making adeptness usually increases 

with the amount of field management experience that he possesses. Resource 

agencies employing managers seek those with experience, those who have 
made many decisions, and those who have had time to receive useful 

feedback or to observe responses to these decisions. Methods of providing the 
equivalent of management experience are vital to the training of water 

resource management personnel. Due to time and financial constraints placed 

on management training programs, as well as general public unwillingness to 

utilize natural resource systems as experimental case studies, efforts to 
provide long-term field management experience to natural resource manage­

ment trainees are rare (Titlow and Lackey 1974, Lackey 1973). 

Using computer-implemented learning exercises in water resource education 

can provide management experience to students in the classroom. Use of 

learning exercises does not totally substitute for actual field management 

experience, but does allow students to evaluate the response of a natural 

resource system to their management decisions. This contrasts with other 

teaching methods, such as case studies, during which students can only 

evaluate management strategies applied by other people. 

Learning exercises are computer-implemented models of realistic management 

situations. When using a learning exercise, students make management 

decisions for a particular system, analyze the impact of their decisions on the 

system, and revise their management strategies accordingly. Computer­

implementation minimizes time lag between making decisions and evaluating 

results, thus allowing management efforts to continue until an optimal 

strategy has been attained. 

There are two methods of using computer-implemented learning exercises. 
Direct card deck manipulation requires some familiarity with computer 
facilities since each user must keypunch his management decisions on data 
cards and submit these cards to the computer center. There is typically a 
delay of at least several hours before the management output is ready. With 
the remote terminal, each student simply types the numbers representing his 
management decisions directly into the main computer system via a direct 

hookup. 

Among the documented attributes of learning exercises are: ( 1) students 

become actively engaged in the learning process instead of passively listening 
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to a lecture; (2) students are aware of good or bad decisions as quickly as the 
computer can process their management plans; (3) there is a great deal of 

competition between student groups or individual students during exercise 

use; (4) students working in groups learn to cooperate with each other, which 
is a necessity for a career in water resource management; and (5) simulation 

of natural resource management gives students insight into the inter­

relationships among system components (Downey 1971). 

Among the negative features associated with learning exercises are: ( 1) high 

cost required for proper utilization; (2) extensive development time; (3) the 
danger of teaching incorrect relationships and concepts; (4) the problem of 

interpersonal rivalries due to intensive involvement; (5) the relatively high 

level of abstractness; (6) the tendency to emphasize quantitative factors over 

qualitative factors; and (7) the danger of transferring exercise results to 

specific real-life situations (Bare 1971). 

There are two general classes of computer-implemented learning exercises­

large, interactive system exercises, and specific subsystem exercises emphasiz­

ing the management of a particular system component while involving 

relatively few system interactions. Large system exercises stress inter­

relationships between components, as in management of estuaries, reservoirs, 

or river drainages while specitic subsystem exercises usually illustrate 
particular management principles, such as the stock-recruitment relat ionship 

in salmon fisheries management. Large system exercises are being received 

with increasing interest. The idea of allowing students to actively manage 

resource systems in which economic and political factors are considered, as 

well as biological factors, is especially appea~ing (Paulik 1969). A general 

weakness . in natural resource management is the reluctance of decision­
making agencies to adopt a total system viewpoint (Newell and Newton 
1968). 

There have been extensive applications of simulators and computer­
implemented learning exercises in manufacturing, marketing, corporate 
structure, transportation, communications, medicine, facility planning, arti­

ficial intelligence, and in a large variety of military and space fields (Paulik 
1969). However, learning exercises have been used sparingly in water resource 
education. There is a dearth of published material concerning previously 
developed learning exercises in water resources, in part because simulation 
models are difficult to express in the usual publication format (Garfinkel 
1968). 

Examples of current learning exercises are TROUT, SCRAP, and FARMS. 
TROUT and SCRAP are specific subsystem exercises. TROUT was developed 
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to illustrate the principles of managing a rainbow trout fishery (Titlow and 

Lackey 1973). Robert H. Giles, Jr. and Charles H. Lobdell formulated 
SCRAP at Virginia Polytechnic Institute and State University. Students 

manage for optimal yearly harvest of a deer population when using SCRAP. 

FARMS is a large-system exercise which was developed to evaluate land use 

and big game populations in British Columbia. The model incorporates plant 

production and succession, wildlife habitat and food selection, and dynamics 
of wildlife herds (Walters and Bunnell 1971 ). 

Complex management situations are created by the impounding of large 

multiple-use (e.g., hydroelectric power, recreation, and flood control) 

reservoirs. Due primarily to rapidly increasing demands for electrical energy 

and flood control, the number of large reservoirs in the United States 

increases significantly each year. Large reservoir systems are exceedingly 

difficult to manage because of: ( 1) speed of development around the 

reservoir; (2) nature of developmental controls; (3) strength and influence of 

local governments; (4) amount and allocation of financial assistance; (5) 

extent of public sewage treatment and water supply facilities; (6) type of 

secondary road systems; (7) quality of recreational facilities; (8) effects of 

river pollution; and (9) range of local public services (e.g., police and fire 

protection, refuse collection) (Burby, Donnelly, and Weiss 1972, Wirth and 

Associates 1971 ). 

In order to effectively manage a newly impounded reservoir system, 

participating management personnel must appreciate the total system. The 

complexity of interactions between a variety of system demands (i.e., 
physical, chemical, biological, economic, political, and sociological demands) 
makes cooperation and compromise an integral part of successful reservoir 

system management. A spirit of cooperation and compromise can best be 
derived by providing multi-discipline orientation during management training 
programs. Allowing management trainees to experimentally apply their 

knowledge of reservoir management principles in the field is not practical. 
The potential values (e.g., economic, recreational, industrial) of newly­
impounded reservoir systems are too great to entrust to inexperienced 
decision-makers. There exists a need for a method of allowing prospective 
reservoir management personnel to test their management strategies within 

the confines of a classroom. 
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METHODS 

Study Area 

Much of DAM, the computer-implemented simulator to be illustrated here, is 

based on information about Smith Mountain Lake, a hydroelectric and flood 

control project located on the Roanoke River in south-central Virginia. The 
reservoir is located approximately 80 km from Roanoke, Virginia, and is 

bounded by four counties-Franklin, Campbell, Pittsylvania, and Bedford. 

The dam was completed in 1965 by the Appalachian Power Company as a 

pump-storage facility for the annual production of approximately 400,000 

kilowatts of electrical power. 

Model Conceptualization 

The general objective of model conceptualization was to determine the basic 

relationships involved in reservoir management. This objective was ac­

complished by accumulating information about the Smith Mountain Lake 

area. Personnel from numerous federal, state, and local agencies were 

interviewed by telephone and in person. Information from available literature 

on general reservoir management problems and possible solutions was also 

used extensively. 

The initial phase of model conceptualization involved the delineation of 

management units and major decision areas. Five management units were 

selected: ( 1) a regional planning commissioner; (2) a fisheries manager; (3) a 
power company executive; (4) a recreation specialist; and (5) a city mayor. 

Each major decision area was assigned to a management unit (Table 1 ). 

Also, a range of management alternatives was deduced for each major 

decision area. For example, an antiquated secondary road system is a major 
problem in the Smith Mountain Lake area. Correspondingly, road con­
struction was designated as a major decision area for DAM. A user of DAM 
can select the number of miles of secondary roads he wants to construct, 
improve, and maintain. 

DAM may be used either by a single student sequentially assuming each 
management role or by a group of students selectively occupying the five 

management positions. The choice of several management units for DAM 
allows for role switching during group use of the learning exercise. Members 

of a management group may either assume different roles (e.g., the regional 
planning commissioner becomes the power company executive) with sue-
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TABLE 1 
Decision Areas 

(Choices in each area are made each year) 

Regional Planning Commissioner 

Decision 
Range Unit Cost 

Decision Area Y=Yes, N=No (dol I ars/y.ear) 

Development Controls 
None Y-N 

Option to counties Y-N 

Subdivision regulations Y-N 

Land-use plan Y-N 150,000 

Financing Land-Use Plan 
Request county funds Y-N 
Apply for federal funds Y-N 

Sell bonds Y-N 

Sewage Treatment 
Inspect septic systems Y-N 
Extend sewage systems Y-N 800,000 
Construct treatment plant Y-N 3,000,000 

Water Supply 
Inspect private wells Y-N 
Extend water supplies Y-N 400,000 
Construct water supply facility Y-N 2,000,000 

financing Utility Improvements 

Increase utility rates Y-N 
Apply for federal funds Y-N 

Ro~d Construction and Maintenance 
Miles of construction 0-100 45,000 
Miles of improvement 0-1,000 15,000 
Miles maintained 0-1,000 1,000 
Number of br1dges constructed 0-100 100,000 

Public Services 
Hire deputy sheriffs 0-100 8,000 
Construct fire stations 0-100 20,000 
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Construct landfills 0-100 20,000 

Construct schools 0-100 50,000 
Hire agricultural agents 0-100 9,000 

Fisheries Manager 

Decision Unit Cost 
Decision Areas Range (dollars/year) 

Research 
Study effects of water level Y- N 10,000 
fluctuation 
Monitor water quality Y-N 5,000 
Stocking feasibility study Y-N 10,000 
Study population dynamics Y-N 10,000 
of largemouth bass 
Comprehensive creel census Y- N 10,000 
Study gamefish/roughfish ratio Y-N 5,000 
Study nutrient limiting factors Y-N 10,000 
Study effects of water Y-N 10,000 
discharge on plankton 
Study fishery effects of Y-N 10,000 
artificial reefs 

Stocking 
Largemouth bass (3 to 4 in.) 0-1,000,000 1.50 
Rainbow trout (6 to 8 in.) 0-1,000,000 2.00 
Coho salmon (3 to 4 in.) 0- 1,000,000 1.65 
Striped bass (2 to 3 in.) 0-1,000,000 5.00 
Muskellunge (5 to 6 in.) 0-1,000,000 4.25 
Bluegill sunfish ( 1 to 2 in.) 0-1,000,000 0.12 
Threadfin shad (1 to 2 in.) 0-1,000,000 0.15 
White bass (2 to 3 in.) 0- 1,'000,000 3.00 

Other Management Techniques 
Fertilization (number of acres) 0-20,000 100 
Chemical eradication of fish 0-20,000 80 
(number of acres) 
Introduce artificial reefs 0-1,000 1,000 
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Public Services 
Recreational land grant 0-100,000 2,000 
(number of acres) 
Install navigational lighting Y-N 10,000 
Hire fish- and game-wardens 0-100 10,000 
Conduct boating safety classes Y-N 
Pass licensing ordinance Y-N 
for boaters 
Implement water surface Y-N 
zoning regulations 

Recreation S~ecialist 
Decision Unit Cost 

Decision Area Range (dollars/year) 

Constructing Recreational Facilities 
Swimming beaches 0-100 60,000 
(7 acres each) 
Rental cottages 0-100 15,000 
Public access sites 0-100 20,000 
( 4 acres each) 
Parks ( 100 acres each) 0-100 300,000 
Marinas 0-100 70,000 
Floating fishing docks 0-100 20,000 

Public Services 
Construct scenic road 0-100 35,000 
(number of miles) 
Purchase wildlife management 0-100,000 2,000 
land (number of acres) 
Promotional campaign 0-12 10,000 
(number of months) 
Design and publish Y-N 20,000 
up-to-date maps 

Power Com~an}'.'. Executive 
Decision Unit Cost 

Decision Area Range (dollars/year) 

Operational Constraints 
Minimum flow (numbE?r of 0-1,000,000 60 
cubic feet per second) 
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Flood control (number of 

vertical storage feet) 

Fluctuation control during 

spawning periods 

Land Management 

Sell (number of acres) 

Buy (number of acres) 

Lease (number of acres) 

Public Services 

Construct a visitor center 

Hire public relations men 

Equipment Maintenance 

At damsite (number of dollars) 

City Mayor 

Decision Area 

0- 70 

Y - N 

0-100,000 
0-100,000 
0- 100,000 

Y- N 

0- 100 

0-100,000,000 

Decision 

Range 

Immediate Plans for Sewage Treatment Improvement 

No plans Y-N 

Construct holding pond 

Install manual chemical feed 

facilities 

Install automatic chemical 

feed facilities 

Y - N 

Y - N 

Y - N 

Future Plans for Sewage Treatment Improvement 

No plans Y - N 

Expand present plant 

Construct new plant 

Y-N 

Y-N 

Financing Sewage Treatment Improvements 

Apply for federal funds Y-N 

Increase sewage service charges Y - N 

Request county funds Y - N 

Financial Aid 

To regional planning commission 

(number of dollars) 

0- 1,000,000 

24,000 

90,000 

2,000 

200,000 
15,000 

0-1,000,000,000 

Unit Cost 

(dollars/year ) 

1,500,000 
250,000 

1,000,000 

2,500,000 
15,000,000 

0-1,000,000 
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cessive management years or may retain the same roles throughout the 

management period. 

Reservoir systems response to the applications of each management alter­

native was based on previously accumulated information and verified by 
contact with appropriate personnel in the Smith Mountain Lake area. For 

instance, interviews with the Virginia Commission of Game and Inland 

Fisheries and Appalachian Power Company established that a minimum flow 

regulation of 650 cubic feet per second (cfs) was necessary for protecting the 

fishery in the river below Smith Mountain Lake. In addition, the local Coast 

Guard Aux ii iary stated that permanent navigation of the river below the dam 

required a guaranteed flow of 6000 cfs. The Commission recommended that a 

minimum flow regulation of 650 cfs be included in the project license 
application for Smith Mountain Lake, and Appalachian Power complied. The 

regulation required for navigation (6000 cfs) would be too costly to 

Appalachian Power Company in terms of loss of generating head. The student 

manager, assuming the role of power company executive, must dec ide on a 

minimum flow regulation when using DAM. Choosing a flow regulation of 

less than 650 cfs will result in lawsuits, while one of 6000 cfs or greater could 

cost the power company executive his job. System response to other 

management alternatives was determined in a similar manner. 

Flow charts were used to clarify interactive system response to the 

simultaneous application of two or more management alternatives. For 
example, during the use of DAM, the city mayor may give financial assistance 

to the regional planning commissioner who may use the money to develop 
the reservoir area. With an $8,000 donation, the regional planning com­

missioner could hire another deputy sheriff, resulting in a decrea?e in the 
number of burglaries and auto accidents in the reservoir area. Also, additional 
enforcing agents will facilitate establishing water surface zoning regulations 

and boat licensing ordinances by the fisheries manager. 

Finally, the economic aspects of DAM were considered during model 
conceptualization. A cost or revenue was affixed to each management 

alternative. For example, consultation with a county secondary road engineer 

led to the cost of road construction being set at $45,000 per mile, 

improvement at $15,000 per mile, and maintenance at $1,000 per mile. 

Analysis of the total budget of the Virginia Department of Outdoor 

Recreation led to an annual budget allocation fluctuating between zero and 
$500,000 for the recreation specialist of DAM. Contact with several real 
estate agents in the Smith Mountain area established an average per acre land 
value of $2,000. 
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Model Quantification and Implementation 

The objective of model quantification was to summarize the reservoir system 
in preparation for computer implementation. Funding probabilities and 
expectations for the occurrence of stochastic events included in DAM were 
verified by personal contacts. For example, discussion with the Of,fice of 
Economic Opportunity established a probability of 0.20 for obtaining federal 
funds to finance the design and implementation of a Land-Use Plan in the 
Smith Mountain Lake area. Contact with Appalachian Power Company and 
the U.S. Army Corps of Engineers established the probability of a serious 
flood in the Smith Mountain drainage basin of the Roanoke River. 

Quantification of DAM is based on the use of two types of numerical 
accumulators, economic and quantity, and a random number generating 
function. The budget accumulator of the recreation specialist is an example 
of an economic accumulator. Suppose that the recreation specialist is advised 
that he has a budget allocation of $250,000 for management during a year. 
He decides to construct two public swimming beaches ($60,000 each), four 
public access sites ($20,000 each), and two marinas ($70,000 each). The 
budget accumulator would total $340,000 at the end of the year and the 
recreation specialist would be fired for exceeding his budget allocation by 
$90,000. 

The quantity accumulator is used in determining management results based 
on total value. For example, the fisheries manager may stock striped bass 
each year and by so doing increase the value of the striped bass quantity 
accumulator. Suppose that the fisheries manager chooses to stock 40,000 
striped bass during his first year of management, 20,000 during the second 
year, and 40,000 during the third year. Depending on other factors (e.g., 
whether or not the power company executive controls water level fluctuation 
during spawning periods), successive high stocking rates of striped bass will 
increase the value of the striped bass accumulator past a critical number. The 
fisheries manager will then be advised that the stocking has resulted in the 
establishment of a striped bass fishery in the reservoir. The number of striped 
bass which the fisheries manager can stock is, of course, controlled by budget 
limitations. 

The random number generating function in DAM has several uses. Budget 
allocations for the various management units vary in accordance with the 
current value of the random number generating function. Several managers 
have the option to apply for financial assistance when using DAM. The value 
of the random number generating function is the criterion for determining 
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whether an application for funding is approved or declined. An example of 

this involves the option of the regional planning commissioner to implement a 

Land Use Plan with federal funds. He has two chances out of 10 each year of 

having his application accepted. 

The occurrence of stochastic events during the use of DAM is also control led 

by the random number generating function. These events include: ( 1) 

flooding of the river valley below the dam; (2) explosion of a generator a! the 

dam; (3) fish kills; (4) serious boating accidents with resultant loss of life; (5) 

contamination of the underground water supply as a result of septic system 

seepage; and (6) plankton blooms. Depending on the flood control 
regulations established by the power company executive, the yearly prob­

ability of a serious flood during the use of DAM ranges from 0.01 to 0.20. A 

probability range governing the occurrence of each stochastic event is 

similarly programmed into DAM. 

DAM was programmed in PL/1 for an interactive terminal (Appendix I). Each 

of the five management units of DAM is represented by a separate subroutine. 

Calculations, with the exception of those involving the random number 

generating function, are confined to the subroutines. The subroutines are 

called in sequence, which enables the value of all variables to be established 
before processing the management results each year in the main program. 
Subroutines also list decisions made by the five unit managers each year. 
Output results for each year of management follow these decision lists. 

The PL/1 version of DAM, as implemented _on an I BM 370 under TSO 
(time-sharing) requires approximately 35 minutes of connection time, 

approximately 5 seconds of execution time, and produces from 220 to 250 
lines of output. 

A DO loop is used to maintain management carry-over from one year to the 
next. Each group of student managers sets the unit value of the DO loop in 

accordance with the number of years they want to manage DAM. The 

management duration of at least five years is suggested, at which time the 
"typical" reservoir system would be highly developed and management 

alternatives would be highly developed and management alternatives would 
be limited. 

Model Refinement 

Model refinement involving the detection of simulation flaws was 
accomplished by exercising the model over a wide range of management 
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alternatives. For example, interviews with citizens in the Smith Mountain 
Lake area indicated a definite need for more public access sites. The general 
opinion was that one public access is needed for every 64 km of reservoir 
shoreline. Since Smith Mountain Lake has a total shoreline of 640 km, a 
minimum of ten access sites would be required to satisfy the 
recreation-seeking public. However, too many access sites would be 
considered an invasion of privacy by reservoir property owners. Exercising 
the option of the recreation specialist in DAM to develop public access sites 
over a wide range of values verified that the response of DAM was in accord 
with the information. If the recreation specialist constructs too few access 
sites (<10), he is advised that tourists are complaining about the lack of 
public access sites in the reservoir area. If he constructs too many. (>20), he 
receives a statement that private landowners in the area are upset over the 
increasing number of public access sites. 
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RESULTS 

Introduction of DAM requires from 15 to 30 minutes (Appendix 11 ). First, 

the instructor should briefly familiarize the class with learning exercises (e.g., 

what are they? what is their value?). Next, members of the class form 

management groups ( 1 to 5 members per group). Each group member is then 

given a hand-out which describes the reservoir system and a set of instructions 

specific to the management role (roles) he is to assume (Appendix 111 ). 
Sufficient time should be taken to answer any questions class members may 

have cont;erning the instruction sheets. Each management group should 

arrange meeting times and places for analysis and implementation of 

management strategies. Each group should manage Franklin Lake for a 
minimum of nine years. General class discussion of final management 

summaries for DAM requires about 60 minutes. 

Response of students to the use of DAM was evaluated during development 

of the exercise. Many students at first seemed skeptical about the value of 
learning exercises. Several students voiced displeasure at the volume of 

information provided for decision-making and at their inability to make 
"right" decisions. Difficulty in obtaining financial assistance was the source 
for many of these complaints. Most students exhibited enthusiasm for the use 

of DAM, especially during analysis of management output. A group usually 

demonstrated a progressive increase in understanding of the principles 
involved in the management of DAM. Management cooperation among group 

members became more apparent with each strategy revision. 
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DISCUSSION 

DAM is an unusual learning exercise in water resource education because 

several viewpoints- biological, chemical, physical, political, economic, and 
sociological - must be considered simultaneously during management 

activities. Most water resource learning exercises concentrate on a specific 

component of a system . For instance, a student's primary concern when using 

TROUT is maximizing sustained yield of rainbow _trout (Titlow and Lackey 

1973). FARMS is also based on the premise that computer simulation models 

can be used as management games to bring together decision-makers on 

resources (Walters and Bunnell 1971 ). In their game, a simple intervention 

scheme allows users to control harvest rates of game and trees, stocking rates 

of cattle, range-burning practices, and grazing intensities. Aspects of learning 

exercises common to both FARMS and DAM include: (1) involvement with 

multiple-use management; (2) indusion of a variety of management roles; (3) 

a wide range of management alternatives associated with each management 
role; (4) use of sub-models in the programming technique; (5) application to 

teaching general management principle.s; (6) simulation of real management 

situations in order to provide insight into the interrelationships among system 

components; (7) demonstration of the interdisciplinary conflicts attendant 

with and the degree of cooperation necessary for multiple-resource 

management; and (8) potential for utilization by students in a variety of 

fields (e.g., economics, regional planning, natural resources). 

The specific purpose of DAM is to provide students with an understanding of 

the principles of managing a large multiple-use reservoir. An important part of 

the learning process involves the various pressures exerted much like those in 

real management situations. Each unit manager is given specific objectives 

which he must strive to attain or risk losing his job. A manager cannot make 

decisions which totally satisfy everyone. For example, if the city mayor 

decides to assume financial responsibility for sewage treatment plant 

expansion, the city populace becomes disgruntled because they feel that the 
residents of the surrounding county are responsible for overloading the 
present sewage treatment plant. If the mayo'r shuns this responsibility, the 
State Water Control Board will place a moratorium on all sewer connections 
in the city. The lack of clearcut answers is unsettling for students oriented 
toward obtaining a "correct" answer. 

Allowing students to switch roles emphasizes inherent management conflicts 
and increases total system appreciation. In role switching, the fisheries 
manager may realize some of the fundamental problems facing the regional 
planning commissioner, while the regional planning commissioner learns to 
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appreciate the basic management objectives of the power company executive. 

An element of cooperation among managers is usually derived from such 

management interactions. 

There is no "best" management scheme for DAM. In practice, each group of 

users continues managing DAM until they can agree on a final management 

plan which includes: (1) an outline of the final management strategy; (2) an 

analysis of the final management decisions of each manager; and (3) an 

explanation and defense of the recommended strategy. These management 

summaries are then compared and analyzed in a class discussion. 

The most commonly suggested improvement of DAM involves the 

reversibility of certain management . decisions. For example, many students 

feel that they should have the option to release as well as hire employees. It 

was also suggested that the need for public services be graduated according to 

the year of management. For example, the number of landfills needed to 

serve the reservoir area should increase each year in accordance with the 

increase in population density. 

Changes in DAM should be carefully considered. Providing more information 

on which to base management decisions or incorporating artificial statements 

9f management success into the programming structure could be detrimental. 

One must analyze the realistic management situation before modifying DAM. 

How much information does a fisheries manager in charge of a 20,000-acre 

reservoir have about the fish populations present? Is an executive of a power 

company likely to be congratulated for adhering to minimum flow 

recommendations? While there will probably be some favorable comment, it 

is virtually impossible to make management decisions to the GOmplete 

satisfaction of everyone involved in a large scale management situation. 

Realistically, the complaints will outnumber the compliments regardless of 

the capabilities of the management personnel. The educational value of DAM 

will be diminished if realism is not maintained in the management experience. 

Large-system learning exercises, such as DAM, have great potential in natural 

resource education. All management personnel must be cognizant of one 

another's objectives and problems to ensure cooperation in management 

activities. Use of large-system exercises may prove to be the best method of 

providing essential multi-discipline orientation in the training of prospective 

management personnel. 
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INSTRUCTOR'S GUIDE TO DAM 

I. Computer Management Games 

Management of natural resources is difficult due to the complexity of large 
entities such as a lake, a river system, or a watershed. To better understand 
these environmental systems, they are being studied by breaking them into 

their important components, modeling each component mathematically and 
by computer simulation, analyzing the relationships between these 
components, then reassembling the modeled components into an ecosystem 
simulator. 

Simulators are often used by ecosystem managers to enhance their 
understanding of the system and its responses to external changes. 
Simulations can also be modified into computer-implemented teaching games 
for instruction of management personnel and graduate and undergraduate 
students in resource management. Such computer-implemented games are 
invaluable in teaching resource management because they allow the student 
to acquire management experience on a valuable resource without putting the 
resource in jeopardy. Also, many more students can train on these games than 

could possibly work on such ecosystems. 

Effective resource management is based on prior management experience. 
Computer games, in part, offer this experience by confronting the student 
with situations in which he must use his acquired knowledge, and promptly 

learn the consequences of his decisions. Student evaluation of these 
consequences results in a very valuable learning experience. Students 
participating in remote terminal computer implemented teaching games were 

found to: 

1) receive insight into the nature and interrelationships of the systems 

involved 

2) become actively involved in the learning experience in contrast to 
the passive listening to lectures 

3) compete in the game, thus adding interest to the classroom 
experience 

4) interact in various ways, thus learning the achievements possible 
through cooperation 
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5) receive immediate reinforcement for their management decision, 

good or bad. 

Computer management games offer new initiative and opportunities for the 

student, in that he may try out his own ideas and concepts of management, as 

well as test those being taught, and see how each measures up in solving the 

problems presented. 

II. DAM: Purposes 

DAM is a large computer-i mplemented teaching game based mostly on 

20,000-acre Smith Mountain Lake, near Roanoke, Virginia. DAM was created 

to allow students the opportunity to experience the complex and varied 
management situations created by large multiple-use reservoirs. The game has 

five player positions, each position representing one of the five major interest 
groups that use or live in the reservoir area. The positions are: regional 

planning commissioner, fisheries manager, recreation specialist, power 
company executive, and city mayor. 

The objective of each player is to develop his aspect of the resource as best he 

can, within his budget. However, the other players' uses of the resource often 

conflict and each of the five playing positions must interact and cooperate if 
the resource is to be used to its maximum potential. 

Ill. Use of DAM 

DAM was written to be played by junior and senior university students in 
resource management, but considerable interest in it has been shown by all 

levels of undergraduate and graduate students, in and out of resource 
management. 

DAM has been used in two ways: 

1) as an assigned project for students in resource conservation 

2) as a subjective testing device to evaluate the skills of seniors in 
resource management against those of freshmen and sophomores just entering 
resource management. 

DAM may be assigned as a short project encompassing 2 to 3 weeks of 
out-of-class time (possibly to replace a week of lab time), or as a quarterly 
project (to replace a term paper). It is suggested that you: 
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1) Give the students a 20-30 minute indoctrination lecture on 

problems of multiple-use resource management and the purpose 

of computer-implemented teaching games. 

2) Give each student the Student's Guide to DAM. 

3) Explain, then demonstrate, the use of the remote terminal, 

preferably by executing a one-year run of DAM. 

4) Allow adequate time for questions and, later, time for problems 

and consultation. 

5) Require the student to develop a five -year management plan for 

the Franklin Lake area and submit the final year of computer 
output of such a plan. 

6) Require the student to write a short paper on problems involved 

in being one of the five players, indicating with which players the 

position chosen conflicts most and how these conflicts may be 

resolved. 

As DAM is a long exercise, the length of the outlines and papers required 

should be adjusted to match the amount of time and credit the student will 

be given. 

If DAM is to be used as a comparison mechanism for management skills 

between freshmen and seniors, it is important that the two groups be on 

similar ground on most other skills required in the game. To assure this, a 

smaller game (TROUT) is used by both groups. This not only makes the 

groups more similar in background but also reduces the "game shock" of 

immediately starting on as massive an exercise as DAM. 

To use TROUT and DAM as comparative devices it is suggested yqu: 

1) Give the student a short lecture on the purposes of computer 

implemented teaching games and the objectives for managing 

trout fisheries. 

2) Give each student a Student's Guide to TROUT. 

3) Explain, then demonstrate, the remote terminal, preferably by 

managing TROUT for 3 to 5 years. 
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4) Be sure to allow time for questions and consultation. 

5) After one week, require the student to hand in a 5-year 
management plan for TROUT, with the ·computer output from 

implementing such a plan. 

6) After a short period of playing TROUT, all students should be 

introduced to DAM. 

The outputs from DAM should be evaluated for comparison using the most 
concrete criteria the outputs offer. For example, check how well the students 
utilize their budgets. Also, the important facilities of water, sewage, fire 
protection, schools, waste disposal, and secondary roads can be compared to 
purely recreational facilities. Admittedly, such comparisons are subjective, 
but considerable information can be obtained on the quality of management 
insight developed from the curriculum in use. 

IV. Terminal Use 

Since there are several types of remote terminals available, no specifics can be 
given to the instructor to insure the student is receiving adequate information 

on use of the remote terminal. However, the student clearly should know the 
logon and logoff procedures, the game execution procedures, and methods to 
prematurely terminate the game if he chooses to leave in mid-run. It is also 
important to have someone he can readily contact if terminal difficulties 
develop. 

Because DAM is a time-consuming game, it is easy to assign more students to 
the game than one terminal will effectively permit; therefore, care must be 
used in determining terminal load, and it may be necessary to contact other 
Departments to share their terminals. 
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APPENDIX Ill 

Student's Guide to DAM 
(as used at VPI & SU) 
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Student's Guide to DAM 

I. Introduction 

As our renewable natural resources come under increasing utilization, 

conflicts between resource users become more severe. DAM provides students 

an opportunity to manage a multiple-use renewable natural resource, a 

reservoir. Rather than having to wait for years for the results of your 

management decisions, a computer will provide rapid answers to what would 

probably have happened. 

There are four basic principles associated with DAM. First, resource users' 

interests inevitably conflict. Second, there is no simple, prescribed system for 
resolving user conflicts. Third, no matter what decision is made, users will 

consider it inappropriate or wrong. Fourth, a resource manager always starts 

with limited knowledge of the system at hand, but must make decisions based 
on the best available information. 

11. Objectives 

The objective of this exercise is to provide your ~nstructor with a nine-year 

summary and justification of your recommended management procedures. 
Your final management plan should be summarized (3 to 4 pages) and then 

systematically justified (5 to 6 pages). You will undoubtedly have to manage 

DAM many times to improve your management plans. 

111. General Information 

Franklin Lake was impounded by the lntermontane Electrical Power 

Company (IEPCO) to provide hydroelectric power. Filling was completed last 

month. Surface area of the lake is 20,000 acres at maximum pool elevation, 

and the mean depth is 70 feet. The drainage basin covers 1,020 square miles. 
Most of the surrounding land is privately owned, being used primarily for 
farming and grazing. I EPCO owns 2,500 acres of shoreline property. The 

climate is moderate, with an average annual rainfall of 45 inches. Soil and 
rock composition has been generally declared suitable for septic systems and 

there is a plentiful supply of pure groundwater. 

Franklin Lake is located in a geographical area of medium population density. 
There are several small cities (i.e., population 25,000 to 100,000) within a 
50-mile radius. There are no other large bodies of water (i.e., over 5,000 

acres) within a 100-mile radius. The lake is bordered by land in four counties. 
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A Regional Planning Commission, composed of two representatives from each 
county, was formed to coordinate development in the area. Each county 

government makes an annual allotment of $5,000 to the Commission. 

Franklin Lake is inhabited by native warmwater fish species. Fishes present 
include largemouth bass, smallmouth bass, crappie, sunfish, channel catfish, 

flathead catfish, bullheads, carp, suckers, threadfin shad, and golden shiners. 
The State Department of Fish and Game has allocated $35,000 for reservoir 
fisheries research during the next five years. 

The State Department of Fish and Game has recommended that minimum 
flow for the river below the Franklin Lake dam be set at 650 cubic feet per 
second (cfs). According to the local Coast Guard Auxiliary, a guaranteed 
minimum flow of 6,000 cfs is needed to permit navigation of the river. A 
consultant from the Army Corps of Engineers has recommended that at least 
3 vertical feet (60,000 acre-feet) of storage be maintained for flood control. 
According to Federal Power Commission guidelines, a minimum of $150,000 
per year should be spent on equipment maintenance at the Franklin Lake 
dam. 

The State Department of Outdoor Recreation and Department of Fish and 
Game both receive state and federal funds for the financing of activities in the 
Franklin Lake area. The State Highway Department provides funds for road 

construction and maintenance. There are currently ninety miles of secondary 
roads in the reservoir area. 

The city of Sparkle (population 100,000) is located forty miles upstream on 
the Rancid River, the main tributary to Franklin Lake. During the past ten 
years, the sewage treatment plant in Sparkle has become increasingly 
overloaded. This overloading has resulted mainly from extensive development 
in rival population centers in the surrounding county. Tre.mendous amounts 
of raw sewage (up to 7% million gallons per day) must bypass treatment 
during rainy periods. Complaints about rising pollutant levels, especially 
phosphates and sludge, are becoming more numerous. The State Water 
Control Board has delegated the responsibility for improving the situation to 
the city government. However, the citizens of Sparkle believe that residents in 
the surrounding county should be responsible. The planning budget allocation 
of the Sparkle city government averages $100,000 per year. 

IV. Terminal Use 

88 

A. The computer terminal is located in 321 Cheatham and is 
available from 8:00 a.m. to 5:00 p.m., Monday through Friday, 



and by appointment at other .times. If you have any difficulty, 

contact: 

1. Larry P. Hough ( 125A Cheatham) 
2. Gary F. Martel (122 Cheatham) 
3. Richard D. Clark ( 114 Cheatham) 

4. Ed L. Hampton ( 1 08 Cheatham) 

5. Joseph E. Powers (108 Cheatham) 

8. Procedure for using DAM 
( 1) Take seat at terminal 
(2) Hit "ON" and hit "RETURN" keys 

Terminal response: ENTER LOGON 
(Punch "RETURN" and wait for green "PROCEED" light 

after typing every entry) 

(3) You type: logon forest2/fore02 
Terminal response: FOREST 2 LOGON IN PROGRESS 

AT .... READY 

(4) You type: exec program(DAM) 

C. Procedure for terminating DAM 
( 1) You type: logoff 

Terminal response: FOREST2 LOGGED OFF AT .... 

(2) Hit "OFF" 

V. Correction Procedures 

If you make an error in entry in input for one of the variables, one of two 

things will happen. If the error was incorrect language, as not putting single 
quotes around a name, as FRED instead of 'FRED', you will receive an error 

message and you will be returned to the top of the management position you 
are .playing for reentry. You must then reenter all the variables asked for. 

If the error is numerical on your part, the computer will not react. If after 
hitting the "RETURN" key you notice an error, you may correct that error 
at the end of the input section for each year. The computer will always ask: 

ENTER OUTPUT CORRECTION BELOW. After the correction request is 
typed, enter corrections in the form VARIABLE=VALUE, with two spaces 
or more between each variable corrected (i.e., NOCHA=1 FP=3). After 

entering all input corrections, enter a semicolon to terminate the correction 
procedure. Entered corrections must not exceed 70 columns. !f___Q2_ 
corrections are required, enter a semicolon and press the return key. 
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VI. Decision Alternatives 

Regional Planning Commissioner 

You have been selected as .head of the Regional Planning Commission. Your 

objective is to control development around Franklin Lake in a manner that 

will provide maximum benefit to the residents of the surrounding four 

counties. Your highway budget allocation for the first year of management 

totals $200,000. You must make all of the decisions below you are allowed. 

P-1. TOTMGT 

P-2. LANDEV 

P-3. FINAN 

P-4. NAME1 

P-5. SEWTRE 
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Enter the number of years you will be managing DAM 
( 1-9) 

Development Control ( 1-4) 

1 - If you want to establish no control 

2 - If you want to let each county establish separate 

controls 

3 - If you want to establish a common set of 

subdivision regulations for all counties 

4 - If you want to establish a comprehensive "Land Use 

Plan" at a cost of $150,000 

"Land Use Plan" Financing (0-3) 

0 - If a Land Use Plan was not established 

1 - If you want to request additional funds from 

county governments 

2 - If you want to apply for federal funds 

3 - If you want to sell bonds to county residents 

Enter your name in single quotes (i.e., 'JOHN') 

Sewage Treatment Alternatives ( 1-3) 

1 - If you want to allow private septic systems and 

require semi -annual inspections 



P-6. WATRE 

P-7. FNCE 

P-8. ACCON 

P-9. ACIM 

P-10. ACMAIN 

P-11. BRIBUI 

2 - If you want to . extend existing county sewage 

treatment facilities in order to service the Reservoir 

area at a cost of $800,000 

3 - If you want to construct a sewage treatment plant 

for the Reservoir area at a cost of $3,000,000 

Water Supply Alternatives ( 1-3) 

1 - If you want to allow private water supplies and 

require semi -annual inspections 

2 - If you want to extend existing county water 

supplies in order to service the Reservoir area at a cost 

of $400,000 

3 - If you want to construct a public water supply 

facility for the Reservoir area at a cost of $2,000,000 

Financing Public Utilities (1 -3) 

1 - If no costs were associated with your decisions for 

sewage treatment and water supply 

2 - If you want to sell bonds and increase public utility 

rates in the surrounding counties 

3 - If you want to apply for federal funds 

How many miles of secondary roads do you want to 

construct (at $45,000/mile)? Enter number of miles 

(0-99) 

How many miles of secondary roads do you want to 

improve (at $15,000/mile)? Enter number of miles 

(0-999) 

How many miles of secondary roads do you want to 

maintain (at $1,000/mile)? Enter number of miles 

(0-999) 

How many bridges do you want to construct at 
$100,000 each? (0-99) 
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P-12. SHER 

P-13. AGENT 

P-14. SCHOOL 

P-15. FS 

P-16. LDFILL 

Fisheries Manager 

How many deputy sheriffs do you want to hire at 

$8,000/man/yr? (0-99) 

How many agricultural extension agents do you want 

to hire at a cost of $9,000/agent/yr? (0-99) 

How many schools -do you want to construct at 

$50,000/school? (0-99) 

How many fire stations do you want to construct at 

$20,000/fire station? (0-99) 

How many sanitary landfills do you want to construct 

at $20,000/landfill? (0-99) 

You are a fisheries manager employed by the State Department of Fish and 

Game. Your objective is to optimize the fishing experience for Franklin Lake 

anglers. Your budget allocation for the first year of management is $200,000. 

You must make all of the decisions below you are allowed. 

F-1. NAME2 

F-2. SBSPA 

F-3. MONIT 

F-4. FEAS 

F-5. POPDY 

F-6. CC 
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Enter your name in single quotes (i.e., 'FRED') 

If you want to study the effects of water level 

fluctuation on the fishery at a cost of $10,000, enter 1; 

if not, enter 0 

If you want to monitor water quality throughout the 
year at a cost of $5,000, enter 1; if not, enter 0 

If you want to make a stocking feasibility study at a 

cost of $10,000, enter 1; if not, enter 0 

If you want to study the population dynamics of 

largemouth bass, at a cost of $10,000, enter 1; if not, 

enter 0 

If you want to establish a comprehensive creel survey, 

at a cost of $10,000, enter 1; if not, enter 0 



F-7. RATIO 

F-8. LIMIT 

F-9. PLANK 

F-10. REEFS 

F-11. STOCK 

If you want to determine the rough fish/gamefish ratio, 

at a cost of $5,000 enter 1; if not, enter 0 

If you want to determine the nature of inorganic 

nutrient limiting factors, at a cost of $10,000, enter 1; 

if not, enter 0 

If you want to study the effects of power generation 

on the plankton community, at a cost of $10,000, 

enter 1; if not, enter 0 

If you want to determine the effects of introducing 

artificial reefs on the fishery, at a cost of $10,000, 

enter 1; if not, enter 0 

If you want to stock any fish this year, enter 1 and 

start at LM; if not, enter 0 and skip to FEAT. 

(LM) Enter the number of largemouth 

bass (3 in-4 in) you want to stock 

at $150/109 

(TROUT) Enter the number of rainbow trout 

(6 in - 8 in) you want to stock at 

$200/100 

(SALMON) Enter the number of coho salmon (3 

in - 4 in) you want to stock (at 

$165/100) 

(SB) Enter the number of striped bass (2 

in - 3 in) you want to stock at 

$500/100 

(MUSKIE) Enter the number of muskellunge (5 

in-6 in) you want to stock (at 

$425/100) 

(BG) Enter the number of bluegill sunfish 

(1 in-2 in) you want stocked (at 

$14/100) 
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F-12. FERT 

F-13. CHETRE 

F-14. AR 

F-15. LANPUR 

F-16. NAVLIT 

F-17. WARDENS 

F-18. SAFEBO 

F-19. LICBOA 

F-20. ZONING 

Recreation Specialist 

(SHAD) 

(WB) 

Enter the number of threadfin shad 

(1 in-2 in) you want stocked (at 

$15/100) 

Enter the number of white bass (2 

in-3 in) you want stocked (at 

$300/100) 

Enter the number of acres you want to fertilize (at 

$100/surface acre) 

Enter the number of acres you want to treat 

chemically for rough fish (at $80/surface acre) 

Enter the number of artificial reefs you want to 

introduce (at $1,000/reef) 

Enter the number of acres of land you want to 

purchase and grant to the Department of Outdoor 

Recreation (at $2,000/acre) 

If you want to install a navigational lighting system, at 

a cost of $10,000, enter 1; if not, enter 0 

Enter the number of wardens you want to hire (at 

$10,000/warden/yr) (0-99) 

If you , want to conduct weekly safe boating classes, 

enter 1; if not, enter 0 

If you want to pass an ordinance requiring all boat 
operators to be licensed, enter 1; if not, enter 0 

If you want to establish water surface zoning 
regulations, enter 1; if not, enter 0 

You are employed by the State Department of Outdoor Recreation. Your 

objective is to maximize the recreational potential of the Franklin Lake area. 
Your budget allocation for the first year of management totals $250,000. 
You must make all of the following decisions: 
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R-1. NAME3 

R-2. SWB 

R-3. COTTGE 

R-4. PAS 

R-5. PARKS 

R-6. MARINE 

R-7. FD 

R-8. SCNRD 

R-9. WMA 

R-10. AD 

R-11. MAPS 

Enter your name in single quotes (i.e., 'SAMUEL') 

Enter the number of 7-acre public swimming beaches 

(with snack bar, dressing rooms , and park ing facilities) 

you want to construct (at $60,000/beach) (0-99) 

Enter the number of rental cottages on 1/2-acre sites you 

want to construct (at $15,000/cottage) (0-99) 

Enter the number of 4-acre public access sites (with 

boat launch, shore fishing, and picnicking) you want to 

build (at $20,000/site) (0-99) 

Enter the number of 100-acre parks you want to 

develop (at $300,000/park) (0-99) 

Enter the number of full -service marinas on 2-acre sites 

you want to construct (at $70,000/marina) (0-99) 

Enter the number of floating fishing docks (including 

emergency aid facilities) you want to place on Franklin 

Lake (at $20,000/dock) (0-99) 

Enter the number of miles of scenic road you want to 

construct (at $35,000/mile) (0-99) 

Enter the number of acres of land you want to 

purchase for use as a wild I ife management area and 
hunting preserve (at $2,000/acre) (0-999) 

If you want to conduct an advertising campaign to 

promote recreation in the Franklin Lake area, enter the 

number of months this year it should run (at a cost of 

$10,000/month) (0-99) 

If you want rn produce up-to-date maps highlighting 

recreational facilities in the Frankl in Lake area, enter 

1; if not, enter 0 (cost=$20,000) 
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Power Company Executive 

You are an executive of the I ntermontane Electrical Power Company. Your 

objective is to minimize company operational costs at Franklin Lake. You 

must make the following decisions: 

E-1. NAME4 

E-2. MF 

E-3. FC 

E-4. WLF 

E-5. SEL 

E-6. BUY 

E-7. LEASE 

E-8. VC 

E-9. PRM 

E-10. MTN 

96 

Enter your name in single quotes (i.e., 

'SHAHE RAZAD') 

Enter the number of cubic feet per second of minimum 
flow that you want to establish for the river below the 

dam (at a cost of $60/cfs/yr) (0-999,999) 

Enter the number of vertical feet of storage that you 

want to maintain in the reservoir for flood control (at 

$24,000/storage foot/yr) 

If you want to regulate water level fluctuation to 
benefit striped bass spawning, enter 1; if not, enter 0 

( Cost=$90, 000/y r) 

Enter the number of acres of land you want to sell (at 
$2,000/acre) (0-99,999) 

Enter the number of acres of land you want to buy for 

additional resource protection (at $2,000/acre) 
(0-99,999) 

Enter the number of acres of land you want to grant to 
the State Department of Outdoor Recreation 
(0-99,999) 

If you want to construct a visitor center and a picnic 
area at the Franklin Lake dam, at a cost of $200,000, 
enter 1; if not, enter 0 

Enter the number of public relations men you want to 

add to your staff, at a cost of $15,000/man/yr (0-99) 

Enter the number of dollars you want to spend on 
equipment maintenance at the Franklin Lake dam 
(0-999,999,999) 



City Mayor 

You are the mayor of Sparkle. Your objective is to handle the sewage 

treatment problem in a manner that will be most beneficial to the citizens of 

Sparkle. You must make all of the following decisions you are allowed. 

M-1. NAME5 

M-2. NOCHA 

M-3. FP 

Enter your name in single quotes (i.e., 'EZEKIEL') 

If you will not be changing the current sewage 

treatment method, enter 1 and skip down to (FP); 

otherwise enter 0 and respond to (HP) 

(HP) If you want to construct a holding 

(SMF) 

pond for raw sewage at a cost of 

$1,500,000, enter 1; if not, enter 0 

Note-use (SMF) Q! (AF) 

If you want to install a semi-manual 

chemical feed facility for phosphate 

removal and construct 

post-treatment sludge settling 

lagoons (~t a cost of $250,000), 

enter 1; if not, enter 0 

(AF) If you want to install an automatic 

chemical feed facility for both 

phosphate and sludge removal, at a 

cost of $1,000,000, enter 1; if not, 

enter 0 

Future Sewage Treatment Plans ( 1-3) 

1 - If you want to make no further plans for sewage 

treatment expansion 

2 - If you want to plan future improvements that 

include a 15-million gallon/day treatment capacity 
increase and addition of tertiary treatment facilities, at 

a cost of $2.5 million 

3 - If you plan for a completely new sewage treatment 

plant, at a cost of $15 million 
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M-4. SFNCE 

M-5. CITMON 

Financing Improvements ( 1-4) 

1 - If you have no cost associated with your sewage 

treatment decisions in Sparkle 

2 - If you want to apply for federal funds 

3 - If you want to increase sewage service charges 

4 - If you want to request funds from the surrounding 

local county governments 

Enter the number of dollars you want t o give to the 

regional Planning Commission for financial aid 

(0-$9,999,999) 

Reminder - If you have no corrections to enter in the correction request, 

simply enter a semicolon (;) 
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