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ABSTRACT

An important part of the process of assessing the environmental

impacts of coal-fired energy development in the Southwest is the transfer

of information between electric utilities, federal agencies, and the

interested public. There are, however, several problems associated with

the transfer of information among the different groups. The acquisition

of factual material on power projects by the interested public, for

example, is adversely affected by the sufficiency, convenience, and

credibility of present sources. Efforts of electric utilities and

federal agencies to effectively communicate impact information are

hindered by the inability of existing sources to selectively transfer

information and to rapidly transmit information on the cumulative impacts

of many combinations of power plants. This research concerns the develop-

ment and evaluation of a computerized information system designed to

selectively transfer information on both the cumulative and individual

impacts of several electric generating facilities located in the south-

western United States.

The information system incorporates features of management infor-

mation systems, environmental information systems, and an issue-oriented

system developed at The University of Illinois, making it a hybrid system

capable of communicating impact information derived from a variety of

sources. Specifically, the system is able to either retrieve textual

material stored in a base information file or to execute on-line

viii
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simulation models and routines in order to describe environmental

impacts. Interactions with the information system are performed at a

remote computer terminal by an information specialist who, with the

assistance of supporting documents, helps users select information of

interest.

Evaluation of the system was carried out by demonstrating it to

prospective users from electric utilities, government agencies, and the

interested public in Arizona. The response of the users to the system

shows that this type of communications technology is a viable means of

transmitting environmental information. The results of the evaluation

also indicate that the system's usefulness is more likely to depend on

its credibility than on its convenience and that computer models are an

effective way of describing cumulative impacts caused by a series of

power plants.



CHAPTER 1

INTRODUCTION

An important part of the process of assessing the impacts of

coal-fired power plants in the Southwest is the movement of impact infor-

mation among the electric utilities, federal agencies, and the interested

public. Presently, information is transferred mainly through the use of

environmental impact statements, public hearings, environmental period-

icals, the mass media, and personal contacts. Unfortunately, the use of

these information sources to gain a knowledge of environmental impacts

can lead to problems of sufficiency, convenience, and credibility

(Kimball, 1974; Rubin et al., 1973). Furthermore, existing sources have

limited usefulness in selectively transferring information to individuals

who have specific needs, and they are also unable to communicate rapidly

information on cumulative impacts caused by many combinations of power

plants. Because of these problems, there is a need to improve the

communication of environmental information.

The primary objective of this research has been to develop a

computerized information system that can improve the transfer of infor-

mation on the environmental impacts caused by a single coal-fired power

plant as well as the cumulative impacts resulting from a series of

plants. In order to provide these kinds of impact information, the

system utilizes an interactive computer that is programmed to retrieve

1
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and process stored information and to operate mathematical models that

simulate cumulative or individual impacts. Information is obtained from

the system through interactions at a remote computer terminal where

information is displayed to a user in response to commands which define

the power plants and impacts the user wants to review. The combination

of stored information and simulation models to describe impacts along

with the interactive acquisition of information make the system a unique

source of impact information.

A second objective has been to evaluate the information system by:

(1) determining the response of a sample of prospective users from

Arizona to the system's usefulness, convenience, credibility, and

accuracy; and (2) obtaining feedback from those users on the implementa-

tion of the system, its advantages and disadvantages, improvements, the

computer models, and the environmental impacts covered.

Four Corners Program 

Research carried out on the information system has been part of a

team research project called the Four Corners Program. The purpose of

this program has been to collect, develop, and communicate information on

the environmental impacts of power developments in the Southwest. Work

on the collection and development of impact information has emphasized

the use of models to simulate the impacts of power plants on air quality,

groundwater, surface water, regional economics, and Indian social sys-

tems. Results of this research are reported in "Coal-Fired Energy

Development on Colorado Plateau: Economic, Environmental, and Social

Impacts," edited by Roefs and Gum (1974).
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The second phase of the program has involved the communication of

impact information. In this phase, research on the transfer of environ-

mental information from the electric companies and federal agencies to

the interested public has already been completed as part of an analysis

of public participation in the planning of coal-fired electric generating

stations (Kimball, 1974). Research in progress deals with the assessment

and communication of the effects which energy developments have on Indian

social systems.

Organization of the Dissertation 

The remainder of the dissertation is divided into four chapters.

Chapter 2 focuses on the limitations of present methods used to acquire

and communicate impact information and how the computerized information

system would attempt to avoid them. Chapter 3 describes the information

system and its operation. Methods, results, and discussion of the system

evaluation are covered in the fourth chapter. The last chapter provides

a review and conclusions.



CHAPTER 2

THE ACQUISITION AND COMMUNICATION OF
ENVIRONMENTAL IMPACT INFORMATION

Several sources of information are used by the interested public,

electric utilities, and federal agencies to acquire and communicate

information on the impacts of coal-fired electric generating stations.

The basic information sources consist of environmental impact statements

which are prepared by federal agencies under the National Environmental

Policy Act of 1969 (P.L. 91-190), environmental reports prepared by

electric utilities for the federal agencies responsible for assessing the

impacts of proposed projects, public hearings held by those agencies as

part of the assessment process for each project, public information

meetings held by the utilities to inform citizens of power plants being

planned, and, finally, environmental periodicals and newsletters,

personal contacts, and mass media.

If difficulties arise in the movement of information among groups

(see Figure 1), the entire process of assessing impacts may be adversely

affected. The intent of this chapter is to identify problems associated

with the flow of information and to indicate how the computerized infor-

mation system would assist in the exchange of environmental information.

4
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The Acquisition of Impact Information 

The interested public does not normally produce its own informa-

tion on the impacts of power plants; thus, it is necessary for them to

seek out desired information from existing sources. However, the use of

present sources of information does not guarantee that the public will

acquire the information it needs. The reason for this lies in the

sufficiency, convenience, and credibility of those sources.

Sufficiency

Each of the information sources utilized by the public plays a

part in meeting total needs. Reliance on any particular source, though,

may cause insufficient knowledge about important issues or facts

surrounding the development of coal-fired power projects. An example of

this is the use of the mass media to acquire information. Results of a

survey conducted by the Task Force on Education at The University of

Arizona (1974, p. 19) show that the mass media were used more often than

other sources to obtain information on environmental issues by a sample

of 853 individuals from Arizona. The mass media may be successful in

outlining environmental issues, but, as Schoenfeld (1973, p. 17) points

out, they "have continually failed to provide the specific, hard-hitting

information the public needs . . . ." Thus, individuals normally relying

on the media for information on environmental issues may have to turn to

other sources when factual material on environmental effects is needed.

Other sources have also failed to provide adequate coverage of

the environmental effects of power projects. Hearings conducted by the
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U. S. Senate, Committee on Interior and Insular Affairs (1971), for

instance, provided a timely forum for the viewpoints of individuals and

groups concerned about southwestern energy development, but the hearings

lacked the kind of factual information needed to analyze environmental

impacts. The Southwest Energy Study, completed under the direction of

the U. S. Department of the Interior (1972), was supposed to remedy the

problem of inadequate information, yet it failed to rigorously assess

cumulative impacts, and it did not have the basic environmental data upon

which to predict impacts (Kimball, 1974, p. 76).

Inadequacies found in available information sources have caused

members of the interested public to rely on a number of different sources

in order to become properly informed about the impacts of power plants.

But since it is difficult to obtain and review the material which is

needed, members of the interested public are more likely to base their

opinions on limited information.

Convenience

Seeking information on the impacts of power plants is a time-

consuming process. The main reason for this is the distribution of

information; it is located in places which are sometimes miles apart. It

is located in university libraries, the offices of electric companies and

federal agencies, and in organizations like the Colorado Plateau Environ-

mental Advisory Council and the Sierra Club. The cost, in time, of

searching for pertinent information precludes the formation of an

informed public and causes people to rely on sources that are convenient,
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but are not necessarily sufficient for their needs (i.e., the mass media).

Besides the inconveniences of searching for information, there is the

chore of reading the material that is obtained. The more material, the

more difficult it is to analyze.

Credibility

The public's acceptance of environmental information is affected

by the credibility of the source of information. This is especially true

when the source is another person (Andersen, 1972; Dick, McKee and Wagar,

1974; McGuire, 1969). Credibility also affects the use of other sources

like the mass media (Westley and Severin, 1964). The credibility of an

individual is influenced by how others perceive his expertise as well as

his motivation to communicate information that is free from distortion or

bias (McGuire, 1969, p. 182). For interpersonal communication, it has

been found that the lower the credibility of the source, the lower the

chances that the information originating from the source will be accepted

(Hovland, Janis and Kelley, 1953, p. 39).

In a situation where the primary producers of impact information

on a project are also the major supporters of the project, that is, the

electric utilities, it is not amazing that members of the public have

viewed information generated by the utilities with suspicion. Likewise,

federal agencies preparing environmental impact statements on power

plants have suffered credibility problems. This is exemplified by a

comment received by the U. S. Department of the Interior, Bureau of

Reclamation, on its initial impact statement on the Navajo power plant
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from Brecher (1972, p. 147) of the Native American Rights Fund. He

asserts that: "The draft statement for the Navajo Project, rather than

exhibiting the spirit of disinterested and independent inquiry, accepts,

totally without corroboration, the data and conclusions of the power

companies." Though the information from the utilities might well have

been accurate and objective, its acceptance in this case was adversely

affected by the lack of corroboration as well as the implied lack of

trust in the electric companies.

The Communication of Impact Information 

Electric utilities and federal agencies use printed matter (e.g.,

environmental reports, impact statements, and brochures) and public

meetings to communicate impact information to the interested public.

Although these methods are used extensively to transmit information, they

do have serious shortcomings -- particularly in the communication of

cumulative impacts and the selective transfer of information.

Cumulative Impacts

Coal-fired energy projects in the Southwest produce numerous

impacts on the natural and human environments of the region. Cumulative

impacts occur when the impacts from two or more plants combine to produce

an impact greater than the individual impacts from each of the plants.

The combination of impacts may result in a cumulative impact that is a

linear or non-linear function of the individual impacts. The only

impacts that are currently handled effectively are those that are linear.
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Linear effects can be presented in table form as the sum of the

individual impacts of the power plants being considered. Air quality

changes in an area where plants are operating, for example, are linear,

so a pollutant concentration at a certain point can be expressed simply

as the sum of the concentrations coming from each of the generating

facilities.

Non-linear effects like those described by the social models

dealing with Indian social systems (i.e., Hopi and Navajo) are not

easily covered because the cumulative effect of multiple power plants on

a social variable is an exponential function of the individual effects

(Oswald, 1974, pp. 184-186). This means that the cumulative effect of

each combination containing two or more plants must be separately

calculated. Thus, for a set of 10 plants, over 1,000 cumulative impacts

would have to be determined. In report form, it would be rather cumber-

some to display so many combinations. A way of cutting down on the

combinations would be to present only those which seem to be particularly

relevant, but then a person would not be free to select any group of

plants that is of interest.

Selective Information Transfer

The methods used by the electric utilities and federal agencies

to convey information to the interested public are not designed to

respond to specific requests for impact information; they are designed to

transfer information on several environmental topics. As a result of

this, the public gets a certain amount of material that is unrelated to
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their information needs. If there is a large amount of this material,

there is the danger of the public becoming "overloaded" with information.

Such a condition inhibits the analysis and evaluation of impacts (Thorne,

1974).

A common way of transferring information on coal-fired power

plants has been through the distribution of environmental reports and

statements (see, for example, Salt River Project, 1974, and U. S.

Department of the Interior, Bureau of Reclamation, 1972a). Such docu-

ments contain a great deal of information on proposed generating

facilities, making them valuable to persons interested in assessing

impacts. However, their use is hindered by the amount of irrelevant

material that must be processed before the desired information is found

-- if it is even in the report. Public information meetings of the

utilities and public hearings have similar problems, foremost of which is

the lack of control a person has over the delivery of information to

him. It is only when there is a dialogue that an individual has the

ability to control the flow of information.

Improving the Flow of Information 

The computerized information system developed in this research is

a method of improving the flow of information among the electric

utilities, federal agencies, and the interested public. It is not meant

to replace existing sources of impact information. Instead, it is meant

to complement and support them.
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The Interested Public

The main attribute of the information system that would enable it

to avoid most of the problems associated with the sufficiency, conve-

nience, and credibility of present sources used by the interested public

is its ability to rapidly retrieve information that is stored in a base

information file. Impact information in the file could come from a

variety of sources and be periodically updated when necessary. This

capability is non-existent in other sources of environmental information

dealing with the impacts of coal-fired energy development.

By drawing upon different sources to provide information on

impacts selected for review by individuals using the system, there is a

greater chance that the material presented adequately covers the impact.

The diversity of information sources used would also have a positive

influence on the system's credibility. These advantages, however, are

based on the assumption that the information system is operated and

maintained by a non-partisan group seeking to objectively collect and

communicate information.

Electric Utilities and Federal Agencies

The information system would also be a solution to the problems of

communicating information on cumulative impacts and selectively trans-

mitting information to the interested public. It communicates cumulative

impact information through the use of computer programs representing

mathematical models that simulate environmental impacts and computational

routines that process stored quantitative information; the selective
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transfer of information is accomplished by an interactive computer

language composed of entry terms representing specific power plants and

impacts.

The use of models and routines to describe the cumulative effects

of multiple power plants offers the following advantage over present

methods: the rapid analysis of linear and non-linear impacts resulting

from any relevant combination of plants. Some potential disadvantages of

using computer techniques are the concealment of information (Thorne,

1974, p. 10), faulty descriptions of impacts due to erroneous assumptions

or data, and the time it takes to develop computer models. Ways of

avoiding the disadvantages include the proper documentation and calibra-

tion of models and the utilization of existing simulations.

The selective transfer of information from the system to a user

is done by having the system respond to specific requests for impact

information. Requests are made by entering commands at a computer

terminal that represent the power plants and impacts selected for

review -- the system reacts to the commands by displaying impact infor-

mation or notifying the user that the information is unavailable. Since

the user controls the interactions with the system, the amount of

irrelevant information is kept to a minimum, and it is less likely that

the user would become "overloaded" with information.



CHAPTER 3

THE HYBRID INFORMATION SYSTEM

The information system to be considered in this chapter is a

communications technology designed to provide information that can be

used to assess the environmental impacts of individual or multiple coal-

fired power plants located in the Southwest. The Hybrid Information

System (HIS) incorporates features of existing information systems in its

design and operation, making it a unique way of transferring information

on environmental impacts. Topics covered here include the background of

the system, its design and development, and, finally, its operation.

Background 

The principal forerunners of the hybrid system are managerial and

environmental information systems. Managerial information systems con-

tribute to the design and development of the HIS because of their use of

computer models to provide information for management and their use of

information specialists to assist system users to obtain information.

The HIS is also similar to interactive environmental information systems

that deal with the retrieval of bibliographic or factual information on

environmental matters.

Another predecessor to the hybrid system is an issue-oriented

system developed at The University of Illinois (Lamont, 1973). It

14
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established both the precedent and the feasibility of constructing an

information system on a current issue.

Management Information Systems

Information systems for management personnel in corporations are

widespread. Kriebel, Van Horn and Heames (1971, p. 1) define a

Management Information System (MIS) as a system "composed of people,

equipment, policies and organization structure, and are concerned with

the information and decision processes which guide and control the

behavior of an enterprise."

Management systems vary in their design and operational complexity

according to the peculiar circumstances under which they operate. On one

level, their main activities may revolve around data collection,

processing, and retrieval; yet, at a higher level of development, they

may use predictive or optimization models to assist management in making

decisions. Predictive models are used to estimate future sales of goods;

optimization models help to select "best" courses of action as in the oil

industry where linear programming models are used for selecting optimum

production plans (King and Cleland, 1972, p. 19).

Along with the analytical and informational aspects of a MIS,

there is the human component of the user-system interface (Kirk, 1973;

Li, 1972). Problems with this interface in the past have produced

changes in the method of operating managerial systems. Early attempts of

the International Business Machines Corporation  (IBM) to have executives

use a MIS (Dunlop, 1971) illustrate how interface problems can affect an
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information system's operation. The operation of the information system

at IBM called for the executives to interact with the system via their

own computer terminals. The managers, however, made few personal

inquiries of the system. Infrequent use of the system by management was

due, in part, to difficulties the executives had in operating terminals

and communicating with the computer system (Dunlop, 1971, p. 230). The

latter problem was a result of troubles they had in adapting to the

language terms necessary for interacting with the system. Compounding

these difficulties was the resistance of the executives to typing at

computer terminals -- a task they thought could be handled better by

someone else.

A solution to these interface problems was to have an information

specialist interact with the system rather than the executive. Since the

specialist was more familiar with the system, the computer language, and

the information available from the system, requests for information were

dealt with much more efficiently.

Environmental Information Systems

Palmlund (1974, p. 19) considers an environmental information

system to be "a coordinating arrangement for the selection, storage,

analysis, retrieval and dissemination of information, knowledge and data

relating to the environment." Existing environmental information systems

operating on interactive computers can be categorized into two kinds:

(1) bibliographic and (2) data-based. The bibliographic variety

retrieves references that are associated with a particular subject chosen
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by a user from a computerized bibliography. Data-based systems contain

files of data that can be retrieved and manipulated by a user.

The success of both systems depends not only on the information

stored in their files, but also on the method of acquiring information.

Usually material residing in base information files is randomly accessed

through the use of index files. The structure of the index files, along

with the search technique used with those files, determines the speed

with which an inquiry is answered as well as the degree to which the

information retrieved deals with the subject chosen by the user.

An example of a computerized environmental information system is

the RECON system developed by the Oak Ridge National Laboratory

(Gillcrist, 1974). It employs descriptors like authorship, keywords, and

subject categories to search through its index files to find information

in its base literature file. Moreover, with this system, combinations of

descriptors can be used for system inquiries. This is useful since

requests formed from a combination of descriptors results in a more

selective search of the literature file.

Selectivity is also necessary for the effective operation of

data-based information systems. The STORET system of the Environmental

Protection Agency, for example, receives water quality data from 33,000

monitoring stations that collect and analyze water samples at the rate of

50,000 per week (Environmental Protection Agency, 1973b, p. 206), but
f

that data does not have enough referencing parameters to allow for the

selective retrieval of desired data (Muir, 1974, p. 13). As a result,
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the water quality data that is retrieved by the system must be processed

further to obtain data having the appropriate characteristics.

An Issue-Oriented Information System

The information system considered now involves the transfer of

information to people who are concerned about a particular issue. This

system differs from the previous systems because it is not necessarily

meant to be used on a continuing basis. It is used only as long as a

community of users requires information on the issue covered by the

system. An experiment testing the use of such a system was performed by

a group of graduate students at The University of Illinois (Lamont,

1973).

In their experiment, an issue-oriented information system was

devised using the university's PLATO computer system which consisted of a

CDC 1604 computer and PLATO IV plasma display terminals. The issue

selected for the system dealt with a controversial plan being proposed by

county planners in Illinois to convert a stream into a storm sewer.

Opposing this plan were environmentalists who wanted to preserve the

stream.

The system was designed to display information sequentially on

the history of the issue, current plans, alternatives, advantages and

disadvantages of the plans, and actions that citizens could take regarding

the issue. Additional information was available by selecting branching

sequences on areas like runoff rates, pollution, and what other cities

have done. Included in the system were questions on the issue, a
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dictionary of terms, and a comment mode that allowed users to type in

comments dealing with the information presented to them.

Research completed on the system indicated that such a communica-

tions technology could be successfully applied to community issues. The

HIS to be described in the next section is also an issue-oriented system,

but it differs from the one in Illinois with respect to the scope of the

issue (i.e., regional versus local), the user's control over the informa-

tion received from the system, and the sophistication of the interactive

software.

System Design and Development 

The hybrid system is composed of an information base, interactive

computer software, a hardware configuration, an information specialist,

and supporting documentation. The information base is the source of the

system's information on the environmental impacts of power plants.

Impact information obtained from the information base is derived from

documents and computer models. The storage and control programs that

make up the interactive software of the system are the means by which the

information base is created and accessed. Hardware of the system com-

prises an interactive computer, random access devices, and a remote

computer terminal. Information is physically processed, stored, and

displayed by these hardware components. The information specialist, with

the assistance of supporting documents, helps the user obtain and

evaluate information.
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The Information Base

An important part of the HIS is its information base. In order

to meet a wide spectrum of information needs related to coal-fired energy

development in the Southwest, the information base consists of two parts:

(1) a randomly accessible storage file and (2) on-line simulation models

and computational routines. Formation of the information base begins

with the selection of power plants to be covered by the information sys-

tem. Following this selection is the classification of environmental

impacts, development of computer models and routines, and the acquisition

and preparation of impact information.

The Power Plants. Most of the coal-fired power plants in the

Southwest are multi-unit generating facilities. Generating units at a

plant site can be divided into those that already exist, those that are

under construction, or those that are proposed. The generating units of

each plant site covered by the hybrid system are listed in Figure 2. The

dates of operation for the power plant units that are under construction

or proposed are tentative, as are the generating capacities of the

proposed plants.

Impact Classification. The classification of environmental

impacts for the HIS (see Figure 3) incorporates impact categories found

in other classifications (Dee et al., 1973; Dole and Papetti, 1973;

Leopold et al., 1971), as well as categories that are more specifically

related to coal-fired energy development in the Southwest. Under this

classification, impacts are categorized in terms of the natural or the

human environment. The impacts on the natural environment affect the
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Existing Power Plants

Date of OperationMegawatt Capacity

1. Four Corners (1-5)*	 2162 1963
2. Mojave (1-2) 1580 1971
3. Cholla (1) 120 1962
4. San Juan (2) 345 1973

Power Plants Under Construction

5. Huntington Canyon (1)	 430 1974
6. Huntington Canyon (2)	 430 1977
7. Navajo (1-3) 2310 1974-76
8. San Juan (1) 345 1976
9. Cholla (2-3) 500 1976-77

Proposed Power Plants

10. San Juan (3) 500 1980
11. Southern Nevada 1600 1980
12. Kaiparowits (1) 1000 1980
13. Kaiparowits (2) 1000 1980
14. Kaiparowits (3) 1000 1980

Figure 2. Power Plants by Generating Units. -- The number of generating
units are enclosed in parentheses (Source: Figure 1 of the
pamphlet in Appendix C).



THE NATURAL ENVIRONMENT

Biota 
Vegetation
Fish and wildlife

Water 
Groundwater

Groundwater consumption
Drawdown changes
Groundwater quality
Groundwater legal aspects

Surface water
Surface water consumption
Local water quality
Surface water legal aspects

Air
Sulfur dioxide
Nitrogen dioxide
Particulates
Visibility

Land 
Land uses
Chemical-physical factors
Reclamation
Coal consumption

THE HUMAN ENVIRONMENT

Economics 
Local economics
Regional economics

Native Americans 
(Acculturation, stress,
population, etc.)

Human Interest 
(Archaeology, aesthetics,
historic, recreation, etc.)
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Figure 3. Classification of Environmental Impacts. -- Source: Figure 3
of the pamphlet in Appendix C.
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air, biota, land, and water of the region, while the impacts on the human

environment affect economies on a local and regional level, human

interests, and Native Americans.

Computer Models and Routines. The classification of impacts

appearing in Figure 3 includes a number of impacts that have been simu-

lated by models developed during the first year of the Four Corners

Program. The models completed in that research effort (Roefs and Gum,

1974) consist of:

(1) air pollution models that estimate air quality changes due to

the sulfur dioxide, nitrogen dioxide, and particulates emitted

by a power plant;

(2) a visibility model that estimates the reduction in visibility at

a location caused by particulates coming from power plants;

(3) a groundwater model that predicts head declines in the confined

and unconfined areas of the Navajo Sandstone and the Mesaverde

Formation on Black Mesa;

(4) a mass-balance water quality model that estimates increases in

the salinity of the Colorado River due to withdrawals of river

water for cooling purposes;

(5) a regional economic model that predicts the total dollar outputs

of three separate regional economies as a function of the power

generated by a set of plants; and

(6) a social model that predicts changes in social variables that

describe aspects of the Hopi and Navajo social systems.
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The models on visibility, quality of the Colorado River, regional

economics, and Indian social systems were used by the HIS in an on-line

capacity. The groundwater model and the air pollution models were not

used on-line because of their computational requirements. Instead, the

results of those models were stored in the base information file, where

they could be quickly retrieved, or, in the case of cumulative air

quality changes, they would be available for processing by a subroutine.

Information Acquisition and Preparation. The collection of

information on impacts not covered by the models is the final step needed

to complete the system's information base. Impact information gathered

from various sources is prepared for storage in the system by editing it

for clarity and conciseness. Included in the impact descriptions are the

citations from which the information was obtained.

Quantitative material that is to be processed by a routine in the

main control program must also be prepared for entry into the system.

For example, previously calculated air pollutant concentrations are

entered into the system only after they have been put in the format

required by the subroutine that will retrieve and process them.

Interactive Software

Two computer programs make up the interactive software of the

information system. They are a storage program that enters information

into the base information file and a control program whose primary func-

tion is to provide environmental information to a user on the power plants

and impacts selected for review.
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The storage program creates the base information file by taking

information input at a terminal and then writing it on that file. In

order to permit the retrieval of stored information, the program also

creates a second file that indexes the location of material in the base

file. Updating of the base file is accomplished through the addition of

new material and by the deletion or replacement of obsolete material. A

source listing of the storage program is found in Appendix A.

The acquisition of impact information from the information base

of the HIS is done by using the control program listed in Appendix B.

The retrieval of stored information by the program is done by initially

accessing the index file for the location of the information in the base

file, then by reading that information off the base file and displaying

it at the terminal. In addition to the retrieval of information, the

control program calls upon subprograms that either process information or

simulate impacts.

Quantitative information stored in the base file is processed in

two steps. First, the control program calls the subprogram that is to

process the impact information under consideration. Second, the sub-

program retrieves the information and performs the computations needed

to transform the retrieved information into a meaningful form.

Subprograms simulating impacts are called into operation when the

impacts they simulate are chosen for review. For example, if the impact

on the water quality of the Colorado River is chosen, the control program

calls a routine named WATQAL which then simulates the increase in total
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dissolved solids at different points along the river caused by the with-

drawal of cooling water by the power plants being considered (Dove et

al., 1974, pp. 52-60). Other subprograms simulate impacts on visibility,

regional economics, and Indian social systems.

System Hardware

The computer hardware utilized by the HIS is composed of a

DECsystem-10 computer (KI-10 central processor), magnetic disks (RPO3

disk drives), and a cathode ray tube (CRT) terminal (Tektronix 4010).

This hardware configuration is characterized by the speed with which it

retrieves, processes, and displays information. The quickness of the

computer system in handling information is important because it results

in a responsive dialogue between the system and the user. In other

words, the computer rapidly responds to requests for information and the

user does not have to wait long periods of time before the system

displays the desired information or gives a message indicating the

information is not yet available.

A second important feature of the hardware configuration is the

ability of the CRT terminal to communicate with the interactive computer

via a telephone hook-up. By being able to communicate with the computer

in this way, the terminal can be operated wherever there is a telephone

and, consequently, the use of the information system is not restricted to

people living in one geographic area.
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The Information Specialist

The information specialist acts as a mediator between the infor-

mation available from the information base and the user. Activities of

the specialist include typing the entry terms corresponding to a user's

request for information at the terminal, answering questions on the

information displayed, and helping the user formulate requests for impact

information on the different power plants.

Supporting Documents

The final component of the system is the documentation that

supports its operation. Documents include a pamphlet that gives an

overview of the system and a list of references that are cited by the

system in describing impacts (see Appendix C for copies of the pamphlet

and references). The pamphlet was written to help users interact with

the information system and includes an introduction to the system, a

discussion of the power plants and impacts covered, and a review of the

system's operation. Also contained in the pamphlet are model descrip-

tions along with interpretive material for impacts on the natural and

human environments. The list of references indicates how recent the

impact information is, and what the principal sources of information are

for each plant. These references can be used when more detailed descrip-

tions of impacts are required by users.

System Operation 

The acquisition of impact information from the HIS depends on

decisions made by a user. These decisions concern the selection of power



28

plants and impact categories the user wants to examine. He is assisted

in this selection procedure by the information specialist and the

pamphlet.

At first, the user selects a decision set consisting of an

individual power plant or any combination of power plants. The user then

chooses an impact on the natural or human environment caused by the

decision set. If the set contains multiple plants, a cumulative impact

must be chosen. Next, the user looks in the pamphlet to see if impact

information is available on the chosen power plant(s). When no impact

information is available, the user may either revise the decision set or

choose a new impact. Once the information specialist is notified of the

user's selection, the proper entries are made at the terminal by the

specialist. The control program then responds with the information.

Here, the user may ask questions on the information displayed or elect to

continue.

In order to proceed, one of four options must be chosen: (1) add

more power plants to the decision set; (2) select an entirely different

decision set and a new impact; (3) keep the same decision set, but

examine a new impact; or (4) stop the program. There are other branching

options within some of the simulation subroutines, but one of the above

options is mandatory after using a subroutine. The selection procedure

is repeated until the user wants to end the session.



CHAPTER 4

THE SYSTEM EVALUATION: METHOD,
RESULTS, AND DISCUSSION

The basic intent of the evaluation was to find out how valuable

the information system is to three groups of prospective users repre-

senting electric utilities, government agencies, and the interested

public. In order to determine the system's value to those users, the

following hypotheses were tested:

1. The groups will rate the information system as being more useful 

than other sources of information as a means of assessing the

impacts of coal-fired energy development in the Southwest.

2. The groups will rate the information system as being more

convenient than other information sources as a way of obtaining

impact information.

3. The groups will rate the information system as being more

credible than other sources of impact information.

4. The groups will rate the information system as being more

accurate than other sources of impact information.

Testing of the hypotheses was supplemented by obtaining feedback

from the users on different aspects of the hybrid system and on the

information presented.

29
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Method 

Evaluation of the HIS was carried out through a series of demon-

strations in which users became familiar with the characteristics of the

system. The sessions with the system were conducted under the auspices

of an experimenter who acted as the information specialist. Feedback

from the users concerning the information system was directly recorded by

a questionnaire and indirectly by the control program which monitored the

interactions made with the system.

The Users

The information system was evaluated by 35 persons in Arizona

representing electric utilities, government agencies, and the public

interested in coal-fired energy development. Most of the users from the

interested public were drawn from environmental organizations.

Potential participants were contacted by telephone. During the

telephone conversations the purposes of the HIS and its evaluation were

explained. One or more pamphlets describing the system were sent to

individuals or groups expressing a willingness to participate in the

evaluation. The number of people typically scheduled for a session with

the system ranged from 1 to 3; but on one occasion 4 people were present

and on another there were 5. For each demonstration arrangements were

made to either have the users come to The University of Arizona or to

move the computer terminal to them -- whichever was most convenient under

the circumstances. Material on the background of the users was collected

by a preliminary questionnaire completed prior to a demonstration.
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Results of that questionnaire are summaried in Table 1. A copy of the

questionnaire appears in Appendix D.

Recording User Feedback

Feedback from the users concerning their interactions with the

HIS was measured by a final questionnaire found in Appendix D and the

control program. The final questionnaire contained questions that asked

the users to rate the system and other information sources in terms of

usefulness, convenience, credibility, and accuracy. These ratings were

used to test hypotheses. Additional questions dealt with various aspects

of the system and the information reviewed. The selections of power

plants and impacts made during a session as well as the time spent

examining the information displayed were monitored by the control

program.

Procedure

A session with the HIS was initiated by the information specialist

providing a brief description of the system to the user(s). This intro-

duction served to reiterate what the users had read about the system in

the pamphlet which they received before the demonstration. The introduc-

tion stressed that the main purpose of the hybrid system was to transfer

information to the users on the impacts of coal-fired energy development

in the Southwest. The users were also informed that the results of the

evaluation were to be made available to them. Next, the information

specialist told the users that: (1) he was to be a mediator between them

and the impact information available from the system, (2) he would
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explain any of the information or terms displayed that were not under-

stood, and (3) he would only answer uninvolved questions on the computer

models -- more involved questions would be saved for discussion after the

demonstration.

After the introductory remarks, the specialist handed out a list

of references cited in the impact descriptions contained in the base

information file along with copies of a map locating the power plants and

a table showing what impact information was available on the plants. If

additional information was required (e.g., definition of social variables

for an Indian social system), the users referred to the pamphlet.

Then the specialist instructed one person, when two or more were

present, to select any of the environmental impacts associated with

Huntington Canyon unit 1 and Cholla units 2-3 in order to determine a

preference between the two power plants. The purpose of giving this task

was to simplify the initial interactions so that those attending the

demonstrations could become familiar with the system's operation and the

role of the information specialist in a short period of time. As each

selection was made, the appropriate commands were entered at the terminal

by the specialist and the system responded with information. After the

user had examined the information, another selection was made. When the

task was completed, the other users were instructed to begin submitting

sets of power plants and impacts they wanted to review. In this way,

everyone was eventually given an opportunity to interact with the system.

A session continued until there were no longer any requests for impact

information. The mean duration of a session was 55 minutes. This
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included the time spent by the information specialist answering questions

on the system and on the information displayed. Upon completion of the

demonstration, the final questionnaire was distributed.

Results 

The results of the evaluation are reported in terms of the

ratings given the information sources, the responses made to various

characteristics of the HIS, and the reaction of the users to the impact

information that was examined.

Ratings of the Information Sources

Analysis of variance was used to assess the effects that the

group classifications and the sources of information had upon the ratings

of usefulness, convenience, credibility, and accuracy. Tukey's "honestly

significant difference" procedure was the analytical method of deter-

mining the significance of differences between the mean ratings of the

information sources.

A split-plot design for the analysis of variance consisted of the

groups as the treatments and the information sources as the subtreatments.

There were 10 subjects per group. The questionnaires supplying ratings

from the electric utilities were chosen randomly from the 12 completed by

that group; questionnaires of the government agencies and the interested

public were the 10 which had the fewest number of incomplete responses.

Missing values were estimated by a technique developed by R. L. Anderson

(1948). The number of incomplete responses that were estimated are
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indicated in the succeeding tables. The ratings of the information

sources were made in response to questions 1-4 of the final questionnaire.

Usefulness. Table 2 summarizes the results of the analysis of

variance. It shows that the only statistically significant effect on the

ratings was the source of information (2. < .001). Table 3 shows the

ratings of usefulness given the information sources by the groups.

Comparisons of the information system's mean rating with the ratings of

the other sources revealed that it was significantly greater than the

mass media (newspapers or television) as well as public hearings

(jas < .01).

Convenience. The analysis of variance appearing in Table 4 pre-

sents two effects that reach significance -- those of the information

source (a < .001) and the interaction of source and grouping (11 < .05).

The information system received significantly higher ratings for

convenience (Table 5) than did impact statements, public hearings, and

personal contacts (iEs < .01). It was not significantly more convenient

than the mass media or environmental periodicals.

Credibility. Of the three factors considered in the analysis of

variance displayed in Table 6, the only one having a significant effect

on the credibility ratings was the source of information (E. < .001). The

ratings of credibility in Table 7 yielded two sets of significant differ-

ences: the first between the mass media, which received the lowest

rating of credibility, and the information system; the second between the

media and impact statements.
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Table 2.	 Analysis of Variance (ANOVA 45) for the Ratings of Usefulness.

Source of Variance d.f. MS

A	 (Groups) 2 272.47 .21 NS

B	 (Information Sources) 5 6,420.80 12.42 <.001

C	 (Subjects) 9 702.82

AB 10 306.97 .59 NS

CA 18 1,283.92

CB 45 730.27

ABC 90 404.64

Error A 18 1,283.92

Error B 134* 517.01

*Adjusted for 1 estimated value
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Table 4.	 Analysis of Variance (ANOVA 45)

38

for the Ratings of Convenience.

Source of Variance d.f. MS F P

A	 (Groups) 2 843.89 .54 NS

B	 (Information Sources) 5 5,124.47 10.07 <.001

C	 (Subjects) 9 1,230.02

AB 10 1,015.22 2.00 <.05

CA 18 1,554.69

CB 45 429.90

ABC 90 542.69

Error A 18 1,554.69

Error B 134* 508.87

*Adjusted for 1 estimated value
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Table 6.	 Analysis of Variance
of Credibility.

(ANOVA 45) for the Ratings

Source of Variance d.f. MS F P

A	 (Groups) 2 255.02 .27 NS

B	 (Information Sources) 5 4,235.80 8.52 <.001

C	 (Subjects) 9 1,206.75

AB 10 831.52 1.67 NS

CA 18 949.97

CB 45 655.99

ABC 90 406.95

Error A 18 949.97

Error B 133* 497.33

*Adjusted for 2 estimated values
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Accuracy. The results of the analysis of variance in Table 8

show that the source of information was the only significant effect on

the accuracy ratings ( R. < .001). Significant differences (a < .01)

occurred between the information system and the two sources receiving the

lowest ratings of accuracy: the mass media and public hearings (Table 9).

Responses to the System

Questions 5-12 of the final questionnaire obtained feedback from

the users on different aspects of the HIS. Those responses are reported

here for the entire sample of 35 users since the analyses of variance

indicated that the response to the information sources was unaffected by

the group classifications.

Question 5 asked the users to rank order several organizations

according to how effectively they could develop and maintain such an

information system. The results showed that the users considered a

university to be the most effective organization. It was followed by a

government agency, a private organization, and finally a power company.

Questions 6-8 obtained feedback from the users on advantages, disadvan-

tages, and improvements. Their answers are summarized in Table 10-12.

Question 9 asked the users if they would be willing to use the informa-

tion system again on another subject -- all but two replied affirmatively.

Question 10 was used to find out if there were any additional impacts the

users felt should have been covered. Table 13 lists the impacts

recommended by the users. The next two questions were concerned with the

users' appraisal of cumulative impacts. In response to question 11,

which asked if cumulative impacts should be considered as carefully as
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Table 8.	 Analysis of Variance (ANOVA 45) for the Ratings of
Accuracy.

Source of Variance d.f. MS F P

A	 (Groups) 2 311.24 .26 NS

B	 (Information sources) 5 5,160.44 12.57 <.001

C	 (Subjects) 9 790.15

AB 10 552.66 1.35 NS

CA 18 1,176.02

CB 45 523.91

ABC 90 331.27

Error A 18 1,176.02

Error B 130* 410.70

*Adjusted for 5 estimated values
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Table 10. Advantages of the Hybrid Information System
as Suggested by the Users.

Advantages	 Frequency

Quickness	 22

Large amount of information in one place	 10

Retrieval of specific information	 9

Easy to update	 5

Convenient	 4

Cumulative impacts	 4

Flexible	 4

Comparisons of impacts	 3

Succinct	 2

Can be displayed to many people	 1

Can serve as a basis for discussions	 1

Availability	 1
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Table 11. Disadvantages of the Hybrid Information System as
Suggested by the Users.

Disadvantages	 Frequency

Validity and accuracy of inputs unknown	 13

Expense of the system	 8

Lack of information on models and assumptions	 5

Some displays difficult to interpret	 5

Location and access to terminal	 3

No choice of models or inputs	 2

Lack of absolute answers	 2

Dependence on technician	 2

Not a "real time" system

Cannot ask "what if" questions

Unable to scan as a written report

Too specific a topic	 1
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Table 12. Improvements of the Hybrid Information System as
Suggested by the Users.

Improvements	 Frequency

Display data and assumptions	 5

Better displays of cumulative impacts 	 4

Update the system	 3

Have more supporting documentation	 2

Improve models and input data	 2

Have hard copy results	 1

Tabular displays of information 	 1

Definition of terms	 1

Comparison of alternative power plant sites	 1

Expand to other energy systems

Cover secondary effects of power plants	 1

Change model assumptions and input "on-line"	 1

47



Table 13. Additional Impacts Recommended by the Users.

Impacts	 Frequency

Impact of sulfur dioxide on visibility	 1

Displacement of other fuels due to coal	 1

Impacts of different performance levels of
pollution control equipment 	 1

Impacts of other air pollution sources 	 1

Synergistic effects 	 1

Political considerations	 1
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individual impacts, 1 of the 35 users replied negatively. The mean

rating of how adequately cumulative impacts were covered by the system

(question 12) was 57 on a scale of 0, representing inadequate coverage,

to 100, or completely adequate.

Reaction to the Information

Data on the reactions of the users to the impact information

which they examined were measured directly by having them rate the infor-

mation in terms of its bias, clarity, and completeness (questions 13-15).

Table 14 reports the results of the ratings. The different sample sizes

for the impact categories appearing in the table reflect user preferences

in selecting impacts. Ratings of the information presented on local

economics have not been included in the tables because that category

received far more ratings than were possible. It was requested once

during the demonstrations, yet it got at least 12 ratings each for bias,

clarity, and completeness. The extra ratings were probably caused by

confusion over what the difference was between local and regional

economics.

Multiple comparisons of the mean ratings associated with the

impact categories were made using Scheffé's method because of the unequal

sample sizes. No significant differences were found among the mean

ratings for the impacts with respect to their bias, clarity, or complete-

ness (Rs > .05). In addition, a t test showed that there was an insignif-

icant difference ( .E. > .05) between the grand mean of the bias ratings and

a hypothesized value of 0, or unbiased rating for the impact information

examined by the users.
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Reaction to the information was recorded indirectly by monitoring

impact selections and the time spent on each selection. The monitoring

results for the main impact categories are depicted in Table 15.

Included in the table are the origins of the impact information that was

displayed to the users (i.e., whether it was from a document or a

simulation).

Discussion 

The results of the evaluation did not lead to the acceptance of

the stated hypotheses. That is, the ratings given the HIS by the

prospective users on its usefulness, convenience, credibility, and

accuracy were not always greater than the ratings given the other sources

of information. Nevertheless, the overall ratings did show the system to

be more valuable than the mass media and public hearings as sources of

impact information and just as valuable as environmental impact state-

ments, environmental periodicals, and personal contacts, the three

sources which the users had historically relied upon the most to obtain

information on coal-fired energy development.

The information system's usefulness, for example, was considered

to be essentially the same as the three primary sources of information

but greater than the mass media and public hearings. Furthermore, the

system was judged to be more convenient than impact statements, public

hearings, and personal contacts, although, in terms of credibility, it

was only significantly greater than the mass media. The rated accuracy

of the system was better than that of either the mass media or public

hearings.
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Table 15.	 Interactions with the System.

Impact Categories and
Origins of Information Frequency

Total
Time

(minutes)

Time per
Display
(minutes)

Natural Environment

Air
(simulation 59 249 4.22

Biota
(documents) 27 73 2.70

Land
(documents) 19 63 3.32

Water
(documents) 23 76 3.30
(simulation) 19 84 4.42

Human Environment

Native Americans
(simulation) 20 289 14.45

Local economics
(documents) 1 4 4.00

Regional economics
(simulation) 18 159 8.83

Human interest
(documents) 6 35 5.83
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Analysis of the ratings showed that they were affected by the

differences in the sources of information and not by the group classifi-

cations. This means that the responses of the users to the information

sources, including the hybrid system, were due to differences in the

source characteristics. Thus, the favorable reaction of the users to the

information system is an indication that it is a viable means of

communicating information to various groups involved in an environmental

issue.

Another result of the evaluation with implications for the infor-

mation system came from a regression analysis of the relationship between

the usefulness of the information sources and their convenience,

credibility, and accuracy as rated by the users. That analysis

(F(3,187) = 103.16, R2 = .62, EL< .001) showed that credibility accounted

for over 60% of the variance in the ratings of usefulness, the dependent

variable, convenience accounted for 2% of the variance, and accuracy less

than a percent. The relative unimportance of accuracy can be attributed

to a first-order correlation of .95 with credibility. A conclusion that

can be drawn from the analysis is that the value of the system, as

measured by usefulness, is more likely to depend on its credibility than

on its most salient characteristic -- its convenience. Stated another

way, the system's convenience alone is not enough to make it valuable or

useful to people interested in assessing the impacts of coal-fired power

plants, it must also be credible.



54

User Comments

The majority of comments made on the hybrid system dealt with the

convenience of having a large amount of environmental information in one

place that can be rapidly accessed for different kinds of impact infor-

mation. Of equal importance were two disadvantages mentioned by several

users which might adversely affect the use of simulation models. The

disadvantages involved the lack of information on: (1) the validity and

accuracy of inputs and (2) the models and their assumptions. There was

information available on the models and their input data in both the

pamphlet and in a research report (Roefs and Gum, 1974); however, the

users seemed to want that information to be available from the informa-

tion base of the system as well. The need for greater background

material on the models and inputs was also the most frequently mentioned

improvement for the HIS.

The Information

The main result of the evaluation with respect to the information

presented was that the computer models, with the assistance of the infor-

mation specialist, were able to describe environmental impacts to a wide

variety of users. Supporting this conclusion were the ratings of bias

and clarity for the impact categories whose information was derived

exclusively from models (i.e., air, Native American, and regional

economics). Those ratings did not vary in any meaningful way from the

low ratings of bias or the relatively high ratings of clarity given the

categories covered by textual material. The ratings for completeness

were not as conclusive.
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A positive response to the coverage of cumulative impacts further

supported the use of the models to communicate environmental information.

Indirect indications of the users interest in the models were reflected

in the number of selections made for impacts simulated by computer models

and the time spent reviewing those impacts.

Applications

The reaction of the users to the HIS suggests that it would be a

useful way of communicating information on the environmental impacts of

other issues. However, the information system would be most effective

when applied to a problem that has alternative solutions -- each having

different environmental impacts. In such an application, the system

would have a distinct advantage over existing information sources because

of its ability to quickly compare the impacts of different alternatives

that are selected by the users. Moreover, the HIS can incorporate models

that simulate environmental impacts, giving it an even greater

flexibility in comparing alternatives.

Important factors in any future application of the hybrid system

will be the organization operating the system and the way in which it is

implemented.

As far as the system's operation is concerned, the results of the

evaluation imply that groups advocating certain positions on an issue

(e.g., power companies and private organizations on the development of

coal-fired power plants) would not be the best ones to develop and

maintain an issue-oriented information system. The main reason for this

is that an organization closely identified with a particular controversy
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might have difficulties establishing its credibility to people of

opposing viewpoints. When an organization operating such an information

system has credibility problems, research on the HIS indicates that these

problems will have an adverse effect on the system's usefulness to other

individuals.

Applications of the hybrid system will also depend on the method

of implementation, that is, the manner in which interested individuals

will use the system. For the purposes of the evaluation use of the

information system was by appointment, but this method would be ineffi-

cient if large numbers of people wanted to interact with it. Therefore,

an approach is needed that exposes the system in an efficient and effec-

tive way to a significant number of individuals who are actively involved

in a particular issue.

One possible approach would be to have the HIS as the primary

source of information for persons engaged in a workshop concerned with

the issue covered by the system. By implementing the HIS in this manner,

several advantages are apparent. First, many individuals would have an

opportunity to use the system; second, the interactions between the work-

shop participants would clarify information needs and thus direct their

requests for information from the system; third, utilization of the

system would help to reduce a reliance on the expertise of the partici-

pants which is sometimes inadequate (Kimball, 1974, p. 79); and fourth,

the diversity of individuals interacting with the system would facilitate

the rapid identification of gaps in its information base (Walters, 1974).



CHAPTER 5

REVIEW AND CONCLUSIONS

The principal objectives of the Four Corners Program have been to

study the effects of coal-fired energy projects on the natural and human

environments of the Southwest and to effectively communicate information

on those impacts to interested individuals. Work on the first objective

has mainly involved the development of simulation models dealing with air

quality, surface water, groundwater, regional economics, and Indian

social systems. Work on the second objective has concerned the develop-

ment and evaluation of the Hybrid Information System.

The hybrid system was conceived not only as a way of communi-

cating information from the models to interested parties, but also as a

means of remedying some of the problems associated with the use of present

sources of impact information. Specifically, the interactive computer

system is a method of selectively transferring information on the

cumulative as well as the individual impacts of many alternative sets of

power plants -- a capability that is not present in sources currently

used by utilities and government agencies to transmit information. From

the public's perspective, the information system is a method of acquiring

material on power plants that largely avoids the problems of sufficiency,

convenience, and credibility often associated with the use of other

sources of impact information.
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Operation of the information system depends on a hardware

configuration consisting of a time-sharing computer, random access

storage devices, and a remote graphics terminal. Interactive software of

the system is made up of a storage program that enters information into a

randomly accessible base information file and a control program that

either retrieves information from the base file or executes subprograms

(i.e., simulation models or computational routines) in order to describe

an impact selected by a user. The combination of stored information and

on-line subprograms constitutes the information base of the system.

Acting as mediator between the information available from the HIS and the

users is an information specialist who, with the aid of supporting docu-

ments, helps users select and examine impact information.

Evaluation of the information system was based on a sample of

prospective users who interacted with the system during a series of

demonstrations. Users were drawn from electric utilities, government

agencies, and the interested public in Arizona. Their responses to the

system were recorded directly through a questionnaire and indirectly by

monitoring their interactions with the system. Of primary interest in

the evaluation was the measurement of the users response to the useful-

ness, convenience, credibility, and accuracy of the system. The evalua-

tion was also designed to record feedback from the users on different

aspects of the HIS and on the information that was examined.

Research dealing with the development and evaluation of the

system has led to these conclusions:
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1. The information system is more valuable than the mass media and

public hearings as a source of information on the impacts of

coal-fired energy development and just as valuable as environ-

mental impact statements, environmental periodicals, and personal

contacts.

2. The usefulness of the information system is more likely to depend

on its credibility than on its convenience.

3. Computer models are an effective way of communicating information

on both the cumulative and individual impacts of many different

sets of power plants so long as they are supported by an infor-

mation specialist and documentation on their assumptions as well

as inputs.

4. The favorable response given the system suggests that there are

other environmental issues to which it could be applied.

However, the success of future applications will depend on the

organization operating the system and the method of

implementation.

In closing, the research has shown the HIS to be a viable way of

communicating information to various groups interested in assessing the

environmental impacts of coal-fired power plants located in the South-

west. Further research is now needed to determine efficient and effec-

tive ways of applying this type of communications technology to other

environmental issues. For a start, it is recommended that the informa-

tion system be implemented in an issue-oriented workshop as the primary

source of information on topics being discussed by the workshop



participants. This method of implementing the system would provide a

framework for investigating a wide range of factors influencing its

operation.
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THE INTERACTIVE STORAGE PROGRAM
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ii*************************************************************
THIS IS THE INTERACTIVE STORAGE PROGRAM OF THE HYBRID INFOR-
MATION SYSTEM. IT IS ABLE TO ENTER NEW INFORMATION TO THE
INFORMATION BASE (POWER4DAT), UPDATE INFORMATION, AND PERFORM
EDITING ON THE BASE INFORMATION FILE.***************************************************************

DIMENSION IT(50),LND(70,15),INDEX(16,50,4),SLARAY(70,14)
#,LAD(14),ICMD(20),ITT(40)
COMMON IPL,LC,INDEX

ICMD AND ITT ARE ARRAYS CONTAINING THE ENTRY TERMS FOR POWER
PLANTS AND IMPACT CATEGORIES.

DATA(ICMD(LN),LN=1,14)/5HFC	 ,5HM	 ,5HC1	 ,5HS32
#5HHC1	 ,5HN	 75HSJ1	 ,5HC23	 ,5HSJ3	 ,5HHC2	 ,5HSN
#5HK1	 ,5HK2	 ,5HK3	 /

DATA (ITT(I),I=1,22)/5HS02	 ,5HNO2	 ,5HPART ,5HVIS	 ,5HCWQs
#5HRE	 ,5HDDC	 ,5HGWC	 ,5HSWC	 ,5HVEG	 ,5HFW	 ,5HLU
#5HCPF	 ,5HREC	 ,5HGWQ	 ,5HSWLA ,5HLWQ	 ,5H 1-I I
f5HLE	 ,5HNA	 ,5HGWLA ,5HCC	 /

93	 CONTINUE
CALL DEFINE FILE (1,10,K,'IDEX.DAT . ,0,0)

THE INDEX ARRAY (INDEX) OF RECORD LOCATIONS OF IMPACT INFOR-
MATION ON THE DIFFERENT POWER PLANTS IS CREATED BY READING
THE PERMANENT FILE IDEX.DAT.

IPL=A POWER PLANT
LCT=AN IMPACT
DO 71 IPL=1,15
DO 72 LCT=1,40
MP=(40 .11 (IPL-1))+LCT

READ(1fMP,14)(INDEX(IPL,LCT,IE),IE=1,2)

LSREC=THE LAST RECORD OF THE IDEX.DAT FILE,

IF(IPL.EQ.1.AND.LCT.EQ.1)LSREC=INDEX(IPL,LCT, 2 )
43	 IF(INDEX(IPL,LCT,2).GT.LSREC) LSREC=INDEX(IPL,LCT,2)
72	 CONTINUE
71	 CONTINUE
14	 FORMAT(2I5)

IF(LSREC.EQ.0)LSREC=1
WRITE(5,38)LSREC

38	 FORMAT(1X,I5)
27	 WRITE(5,1)
1	 FORMATOX,'PLEASE TYPE IN THE POWER PLANT YOU HAV

IE CHOSEN )
15	 CONTINUE



WRITE( 5,333)
333	 FoRmAT(ix,'--->',$)

READ(5,16) lc°
16	 FORMAT(A5)

DO 34 ML=1,14
IF(ICO.EQ.ICMD(ML)) GO TO 31

34	 CONTINUE
WRITE(5,17)

17	 FORMAT(1Y,'YOU HAVE INCORRECTLY TYPED IN A PLANT NAME. P
3LEASE TRY AGAIN.')

GO TO 15
31	 CONTINUE

IPL=ML
33	 CONTINUE
19	 CONTINUE

WRITE(5,5)
5	 FORMAT(1X,'TYPE IN THE IMPACT CATEGORY')

WRITE(5,333)
READ(5,6) ICAT

6	 FORMAT(A5)
DO 30 LC=1,22
IF(ICAT.EQ.ITT(LC)) GO TO 50

30	 CONTINUE
WRITE(5,7)

7	 FORMAT(1X,'YOU HAVE INCORRECTLY TYPED THE CATEGORY')
GO TO 19

50 	CONTINUE
ML1=0

NBREC AND NEREC ARE THE BEGINNING AND ENDING RECORD NUM-
BERS ON POWER.DAT OF THE IMPACT CATEGORY CHOSEN FOR A
PARTICULAR POWER PLANT.	 THEY ARE EQUAL TO 0 IF NO MATERIAL EX-
ISTS ON THE CATEGORY .CHOSEN.

NBREC=INDEX(IPL,LC,1)
NEREC=INDEX(IPL,LC,2)
WRITE(5,95)

95	 FORMAT(1X,'TYPE "1" TO ENTER NEW MATERIAL',/,6X,'"2" TO
$ ADD TO AN EXISTING CATEGORY',/,6X,'"3" TO DELETE LINE(S)
$ FROM AN EXISTING CATEGORY',/,6X,'"4" TO REPLACE A SINGLE
f LINE')

READ(5,41) IOPT
41	 FORMAT(I1)

IF(IOPT‘GT.1) GO TO 299
IF(INDEX(IPL,LC,1).EQ.0) GO TO 299
WRITE(5,301)

301	 FORMAT(1X,'INFORMATION ALREADY EXISTS ON THIS CATEGORY
f, PLEASE SELECT ANOTHER ENTRY MODE')

GO TO 27
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299	 IF(IOPT.EQ.1.0R.IOPT.EQ.2) GO TO 13
CALL DEFINE FILE (1,71,KM,"POWER.DAT',0,0)
IF(NBREC,NE.0) GO TO 54
WRITE(5,395)

395	 FORMAT(1X,"DELETION OR REPLACEMENT CANNOT OCCUR S1NC
#E NO RECORDS EXIST ON THE CATEGORY YOU HAVE SELECTED')

GO TO 27
54	 DO 99 1RW=NBREC,NEREC

WRITE(5,394)NBREC,NEREC
394	 FORMAT(1X,I5,I5)

IR=(IRW-NBREC)+1
READ(1#IRW,21)(LND(IR,IC),IC=1,14)

21	 FORMAT(1X,14A5)
WRITE(5,378)

378	 FORMAT(1X,"LINE NO.')
WRITE(5,22)IRW,(LND(IR,IC),IC=1,14)

22	 FORMAT(I5,2X,14A5)
99	 CONTINUE

IF(IOPT..E0.4) GO TO 74
ML=0586
WRITE(5,20)

20	 FORMAT(1X"TYPE IN THE RANGE OF LINES TO BE DELETED (21
$5)',1X,"IF ONLY ONE LINE IS DELETED THEN TYPE 0000N000
SOL')

READ(5,23) IFEC,LREC
23	 FORMAT(2I5)

IREC=LREC
IF(IFEC.LT.NBREC.OR.IFEC.GT.NEREC)ML1=1
IF(LREC,LT,NBREC.OR.LREC.GT.NEREC)ML1=1
IF(ML1.EQ.1) CALL DIAG
IF(ML1EQ:1) GO TO 586
IF(LREC,EQ.LSREC)IREC=LSREC-1
DO 60 IRED=IREC+1,LSREC
IAD=IRED-(IREC+1)
ICR=IFEC+IAD
READ(1#IRED,21)(LND(1,IC),IC=1,14)

60	 WRITE(1#ICR,21)(LND(1,IC),IC=1,14)
ISUB=LREC-IFEC+1
IF(LREC.EQ.LSREC)ISUB=LREC-IFEC+1
GO TO 37

74	 w1IITE(5,75)
75	 FORMAT(1X,'TYPE THE LINE TO BE CHANGED (I5)')

.READ(5,76) ICHG
76	 FORMAT(I5)

ML1=0
IF(ICHG.LT.NBREC,OR.ICHG.GT.NEREC) ML1=2
IF(ML1.EQ.2) CALL DIAG
IF(ML1.EQ.2) GO TO 74

13	 WRITE(5,77)
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77	 FORMAT(1X,'TYPE "El" AFTER THE FINAL LINE')
IF(LC.EQ.1) GO TO 45
IF(LC.EQ.2) GO TO 56
IF(LC.EQ.3) GO TO 58

WRITE(5,10)
10	 FORMAT(1X,'TYPE IN THE INFORMATION',/,2X,1H*,69X,1H*)

GO TO 94
45	 WRITE(5,55)
55	 FORMAT(2X,1H*,19X,3H***,3HTO ,5H ***** ;3HAAA,3H***,3HTO

#5H*****,3HAAA,3H***,3HTO ,4H****,3HAAA,3HANN)
GO TO 94

56	 WRITE(5,57)
57	 FORMAT(2X,1HA,19X,3H***,3HTO ,5H *** * * ,5X,3HANN)

GO TO 94
58	 WRITE(5,59)
59	 FORMAT(2X,1HR,19X,3H***,3HTO ,5H*****,3X,3H***,3HTO

#5H*****,5X,3HANN)
9,4	 CONTINUE

DO 25NM=1,70
READ(5,11) (LND(NM,IC),IC=1,14)

IF(LND(NM,1).EQ.5HE1	 ) GO TO 49
25	 CONTINUE
11	 FORMAT(1X,1)4A5)
49	 IROW=NM-1

CALL DEFINE FILE(1,71,M,'POWER,DAT',0,0)
IF(IOPTqNE,2) GO TO 85
IEND=INDEX(IPL,LC,2)+1
IF(IEND.GT.LSREC) GO TO 82
DO 80 IA=LSREC,IEND,-1
READ(1#IA,21)(LAD(LCC),LCC=1,14)
IAD=IA+IROW

80	 WRITE(1#IAD,21)(LAD(LCG),LCC=1,14)
82	 DO 83 IFR=IEND,IEND+(IROW-1)

IR=(IFR-IEND)+1
83	 WRITE(1#IFR,21)(LND(IR,IC),IC=1,14)

GO TO 42
85	 IF(IOPT.EQ.4) LSREC=ICHG-1

INDEX(IPL,LC,1)=LSREC+1
DO 86 IRW=LSREC+1,IROW+LSREG
WRITE(5,433)LSREC,IRW,IROW

433	 FORMAT(1X,'CHECK1',I5,I5,I5)
IR=(IRW-LSREC)
WRITE(1#IRW,21)(LND(IR,IC),IC=1,14)
READ(1#1RW,21)(SLARAY(IR,IC),IC=1,14)

86

	

	 WRITE(5,21)(SLARAY(IR,IC),IC=1,14)
INDEX(IPL,LC,2)=IRW

42	 CONTINUE
IF(IOPT.EQ44) GO TO 950
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THE FOLLOWING PART OF THE PROGRAM CHANGES THE IDEX.DAT FILE
ACCORDING TO THE INFORMATION THAT HAS BEEN ADDED OR DELETED.

37	 CALL DEFINE FILE(1,10,KK,'IDEX.DAT",0,0)
IF(IOPT.EQ.1) GO TO 89
DO 88 IL=1,15
DO 87 LT=1,40
IF(IOPT.EQ.3) GO TO 453
IF(INDEX(IL,LT,1).LE.INDEX(IPL,LC,2)) GO TO 87
INDEX(IL,LT,1)=INDEX(IL,LT,1) + IROW

203

453

INDEX(IL,LT,2)=INDEX(IL,LT,2)+IROW
mp.(40*(IL-1))+LT
WRITE(1PMP,203)(INDEX(IL,LT,IE),IE=1,2)
FORMAT(2I5)
GO TO 87
IF(INDEX(IL,LT,1).LE%LREC)	 GO	 TO	 87
INDEX(IL,LT,1)=INDEX(IL,LT,1)-ISUB
INDEX(IL,LT,2)=INDEX(IL,LT,2)-ISUB
MP=040*(IL-1))+LT
WRITE(1#MP,14)(INDEX(IL,LT,IE),IE=1,2)

.87 CONTINUE
88 CONTINUE

IF(IOPT‘EQ.2)	 GO	 TO	 900
INDEX(IRL,LC,2)=NEREC-ISUB
IF(INDEX(IPL,LC,2).GE.INDEX(IPL,LC,1)) 	 GO TO 89
INDEX(IPL,LC,1)=0
INDEX(IPL,LC,2)=0

900 IF(IOPT,EQ.2)	 INDEX(IPL,LC,2)=NEREC+IROW
89 Mp=(40*(IPL-1)+LC)

WRITE(1#MP,14)(INDEX(IPL,LC,IE),IE=1,2)
WRITE(5,14)(INDEX(IPL,LC,IE),IE=1,2)

950 CONTINUE
WRITE(5,987)

987 FORMAT(1X,'TYPE	 "1"	 TO	 START	 AGAIN	 AND	 "2" TO STOP')

READ(5,988)IMM
988 FORMAT(I1)

IF(IMM.EQ41)	 GO	 TO	 93
END

SUBROUTINE DIAG
WRITE(5,2)

2 FORMAT(1X,'YOU	 HAVE	 INCORRECTLY	 TYPED	 IN	 THE LINE(S)
3',/,1X,'PLEASE TRY AGAIN')

RETURN
END
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THE INTERACTIVE CONTROL PROGRAM
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C	 ii**********k*i,******V.******###W***X********MY****Ii*

C	 THIS IS THE CONTROL PROGRAM OF THE HYBRID INFORMATION SYSTEM.
C	 IT RETRIEVES INFORMATION FROM POWER.DAT PROCESSES IT OR DIS-
C	 PLAYS IT DIRECTLY.	 THE SYSTEM ALSO CALLS ON SUBROUTINES WHICH
C	 SIMULATE IMPACTS.
C	 ***********Mi:41.**###****###**************************k********

COMMON IPLANT(18),INDEX(16,50,4),M,IPL,NUMP,
1IHEAD(90),KDEX(20),ICAT

DIMENSION IT(30),SLARAY(35,8),CUM
#AD(16,35,8),	 ICMD(20),LND(35,16),KPLNT(14)

ARRAYS ICMD AND IT CONTAIN THE ENTRY TERMS FOR POWER PLANTS
AND IMPACTS.

DATA(ICMD(LN),LN=1,20)/5HFC	 ,5HM	 ,5HC1	 ,5HSJ2
05HHC1	 ,5HN	 ,5HSJ1	 ,5HC23	 ,5HSJ3	 ,5HHC2	 ,5HSN
#5HK1	 ,5HK2	 ,5HK3	 ,5HNP	 ,5HGP1	 ,5HGP2	 ,5HGP3
#5HPLANT,5HE

1M: 22
DATA (IT(I),I=1,22)/5HS02	 ,5HNO2	 ,5HPART ,5HVIS	 ,5HCWQ

#5HRE	 ,5HDDC	 ,5HGWC	 ,5HSWC	 ,5HVEG	 ,5HFW	 ,5HLU
15HCPF	 ,5HREC	 ,5H0WQ	 ,5HSWLA ,5HLWQ	 ,5HHI
#5HLE	 ,5HNA	 ,5HGWLA ,5HCC	 /

DATA(IHEAD(KL),KL=1,90)/4HFOUR,4H COR,4HNERS,4H (1-,4H5)
#4HM0HA,4HVE (,4H1-2),4H	 ,4H	 2
14HCHOL, LIHLA (,4H1)	 ,4H	 ,4H
#4HSAN ,4HJUAN,4H(2) ,4H	 ,4H
34HHUNT,4HINGT,4HON (,4H1)	 ,4H
#4HNAVA,4HJ0 (,4H1-3),4H	 ,4H
04HSAN ,4HJUAN,4H (1),4H	 ,4H
#4HCHOL,4HLA (,4H2-3),4H	 ,4H
#4HSAN ,4HJUAN,4H (3),4H	 ,4H
#4HHUNT,4HINGT,4HON (,4H2)	 ,4H
#4HS. N,4HEVAD,4HA (1,4H-2) ,4H
#4HKAIP,4HAROW,4HITS ,4 11 (1) ,4H
#4HKAIP,4HAROW,4HITS ,4H(2) ,4H
#4HKAIP,4HAROW,4HITS ,4H(3) ,4H
#4HNO P,4HOWER,4H DEV,4HELOP,4HMENT,
#4HEXIS,4HTING,4H PLA,4HNTS ,4H
#4HPLAN,4HTS B,4HEING,4H BUI,4HLT
#4HPROP,4HOSED,411 PLA,4HNTS ,4H

DATA(KDEX(KJJ),KJJ=1,19)/1,6,11,16;2 1 , 26 ,3 1 ,3 6 , 41 , 46,
#51,56,61,66,71,76,81,86,91/

DATA(KPLNT(I1),I1=1,14)/1,2,3,4,5,10,6,7, 8 ,9, 11 , 12 ,
#13,14/

CALL DEFINE FILE (1,10,MN,'IDEX.DAT',0,0)
CALL TIME(XTIME,YTIME)
WRITE(N37,3737) XTIME,YTIME

3737	 FORMAT(10X//,A10,A10)
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3738	 FORM1T(1X,10A5,/,1X,10A5)
WRITE(N37,1)

3739	 FORMAT(1X,10I5,/,1X,10I5)
ARRAY INDEX IS CREATED BY READING THE MASTER INDEX FILE IDEX.DAT
WHICH IS LOCATED ON MAGNETIC DISK.

IPL=A POWER PLANT
LCT=AN IMPACT

DO 71 IPL=1,15
DO 72 LCT=1,40
MP=(40*(IPL-1))+LCT
READ(1#MP,14)(INDEX(IPL,LOT,IE),IE=1,2)

14	 FORMAT(2I5)
72	 CONTINUE
71	 CONTINUE

CALL INITT(300)
WRITE(5,702)

70 2	 FORMAT(1X,"TYPE IN THE UNIT FOR OUTPUT")
WRITE(5,333)
READ(5,703)N37

703	 FORMAT(I2)
IOPT=0

74	 N1=0
NB=1

23	 WRITE(5,1)
1	 FORMAT(1X,"PLEASE TYPE IN THE POWER PLANT(S) YOU HAV

#E CHOSEN',/,1X,'TYPING AN "E" AFTER THE LAST ARROW')
DO 33 MM=NB,17

15	 CONTINUE
WRITE(5,333)

333	 FORMAT(1X, --->',$)
READ(5,16) ICO

16	 FORMAT(A5)
IF(ICO.NE.5HHELP ) GO TO 29
WRITE(5,691)

691	 FORMAT(/,1X,'THE FOLLOWING LIST SHOWS THE ENTRY TERMS AND

# THE ',/,1X,'CORRESPONDING POWER PLANTS',/)
DO 27 M1=1,18
IH1=KDEX(M1)
IH2=KDEX(M1+1)-1

27	 WRITE(5,79) ICMD(M1),(IHEAD(ID1),ID1=IH1,IH2)

79	 FORMAT(1X,A5,'= ',5A4)
GO TO 23

29	 IF(ICO.EQ.ICMD(20)) GO T 049
DO 34 ML=1,18
IF(ICO.EQ.ICMD(ML)) GO TO 31

34	 CONTINUE
WRITE(5,17)

17	 FORMAT(1X,"YOU HAVE INCORRECTLY TYPED IN A PLANT NAME, P
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31

3LEASE	 TRY	 AGAIN.')
GO	 TO	 15
CONTINUE
IF(ML.EQ.16)	 NB1=1
IF(ML.EQ.16)	 NE1=4
IF(ML.EQ.17)NB1=5
IF(ML.EQ.17)NE1=9
IF(ML.EQ.18)NB1=10
IF(ML.EQ.18)NE1=14
IF(ML.GT.15)	 GO	 TO	 103
N1=N1+1
IF(N1.EQ.1)	 GO	 TO	 116
DO	 115	 KLM=1,N1-1
IF(IPLANT(KLM).EQ.ML) 	 N1=N1-1

115 IF(IPLANT(KLM).EQ.ML)	 GO	 TO	 33
116 IF(ML.EQ.15)	 N1=1

IPLANT	 CONTAINS THE SET OF	 POWER PLANTS CHOSEN

IPLANT(N1)=ML

BY THE	 USER,

IF(ML.EQ.15)	 GO	 TO	 110
GO TO 33

103 IF(N1.GT.0)	 GO	 TO	 179
DO	 38	 KL1=NB1,NE1
N1=N1+1
IPLANT(N1)=KPLNT(KL1)
GO TO 33

179 . DO	 97	 KL1=NB1,NE1
N1=N1+1
DO	 117	 LM1=1,N1-1
IF(IPLANT(LM1).EQ.KPLNT(KL1))N1=N1-1

117 IF(IPLANT(LM1).EQ.KPLNT(KL1))	 GO	 TO	 97
IPLANT(N1)=KPLNT(KL1)

97 CONTINUE
33 CONTINUE
110 CONTINUE
49 NUMP=N1

CALL	 TIME(XTIME,YTIME)
WRITE(N37,3737)	 XTIME,YTIME
WRITE(N37,3739)	 (IPLANT(19),I9=1,NUMP)
IF(ML.NE.15)	 GO	 TO	 737
WRITE(5,603)

603
if

FORMAT(/,1X,'NO	 POWER	 DEVELOPMENT	 CAN	 ONLY BE
REGIONAL	 ECONOMICS')

USED WITH

11=6
GO TO 50

737 CONTINUE
IF(IOPT.EQ.5HAP	 )	 GO	 TO .50

733 WRITE(5,5)
5 FORMAT(1X,'TYPE	 IN	 THE	 IMPACT	 CATEGORY')
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WRITE(5,333)
READ(5,6) ICAT

6	 FORMAT(A5)
IF(ICAT.NE.5HHELP ) GO TO 89
WRITE(5,678)

678	 FORMAT(/,1X,'IHE FOLLOWING LIST SHOWS THE ENTRY TERMS AND
# THE',/,1X,'COhflESPONDING IMPACT CATEGORIES',/)

WRITE(5,751)
751	 FORMAT(1X,'NATURAL ENVIRONMENT',//,

#1X,'AIR',34X,'BIOTA',/,
flX,'S02	 = SULFUR DIOXIDE',16X,'VEG	 r VEGETATION',/,
flX,'NO2	 = NITROGEN DIOXIDE',14X,'FW 	 = FISH/WILDLIFE',!,
#1X,'PART = PARTICULATES',/,
#1X,'VIS	 = VISIBILITY',//,
#1X,'LAND',33X,'WATER',/,
#1X,'LU	 = LAND USES',21X,'(GROUNDWATER)',/,
41X,'CPF = CHEMICAL-PHYSICAL FACTORS',5X,'GWC =
# GROUNDWATER CONSUMPTION',/,
#1X,'REC	 = RECLAMATION',19X,'DDC	 = DRAWDOWN CHANGES',/,
#1X,'CC	 = COAL CONSUMPTION',14X,'GWQ 	 = GROUNDWATER QUALITY',/,
#38X,'GWLA = GROUNDWATER LEGAL ASPECTS',//,
#38X, '(SURFACE WATER)',/,
#38X,'SWC = SURFACE WATER CONSUMPTION',/,
#38X,'SWLA = SURFACE WATER LEGAL ASPECTS',/,
#38X,'CWQ .= COLORADO WATER QUALITY',/,
#38X,'LWQ = LOCAL WATER QUALITY')

CALL REST
WRITE(5,639)

639	 FORMAT(1X,'HUMAN ENVIRONMENT',//,3X,'LE = LOCAL ECONOMICS',
3/,3X,'RE = REGIONAL ECONOMICS',/,3X,'III = HUMAN INTEREST',/,3X,
3'NA = NATIVE AMERICANS')

GO TO 733
89	 DO 30 M=1,IM

IF(ICATEQ.IT(M)) GO TO 50

30 . 	CONTINUE
WRITE(5,7)

7	 FORMAT(1X,'YOU HAVE INCORRECTLY TYPED THE CATEGORY')

GO TO 49
50	 CONTINUE

CALL TIME(XTIME,YTIME)
WRITE(N37,3737) XTIME;YTIME
W .RITE(N37,5)
WRITE(N37,3738) ICAT
CALL NEWPAG

SUBROUTINES ARE CALLED HERE TO SIMULATE IMPACTS

IF(M.EQ.6) CALL ECON(NUMP,IPLANT,N37)
IF(M.EQ.6) GO TO 400
IF(M.EQ.1.0RvM.EQ.2.0R.M.EQ.3.0R.M.EQ.4) CALL AIRPO
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IF(M.EQ.1.0R.H.E0.2.0R.M.EQ.3.0R.M.EQ.4) GO TO 403
IF(M.EQ.5) CALL WATOAL
IF(M.EQ.5) GO TO 403
IF(M.EQ.8.0R.MEQ.9) CALL CONSUM
IF(M.EQ.8.0R.M.EQ.9) GO TO 403
IF(M.EQ.20) CALL NATAM(NUMP,IPLANT,N37)
IF(M.EQ.20) GO TO 400

53	 CALL DEFINE FILE(1,71,NS,"POWERvDAT",0,0)
IF(NU1P.EQ.1) GO TO 300
WRITE(5,350)

350	 FORMAT(1X,"THE IMPACT YOU HAVE CHOSEN CAN ONLY BE",/,
#1X, 'ACCESSED BY ENTERING A SINGLE POWER PLANT')

GO TO 74
300	 CONTINUE

IPL=IPLANT(1)
IF (INDEX(IPL,M,1) .NE, 0) GO TO 99
WRITE(5,12)

12

	

	 FORMAT(1X,'INFORMATION ON THE CATEGORY YOU HAVE SELECTED
#IS NOT YET IN THE SYSTEM")

GO TO 403
99	 CONTINUE

IFR=KDEX(IPL)
ILR=KDEX(IPL+1)-1
WRITE(5,899)(IHEAD(LK),LK=IFR,ILR)

899	 FORMAT(1X,"POWER PLANT:	 ",5A4,/)
54	 NBREC=INDEX(IPL,M,1)

NEREC=INDEX(IPL,M,2)
DO 295 IRW=NBREC,NEREC
IR=(IRW-NBREC) + 1

20	 READ(1#IRW,21)(LND(IR,IC),IC=1,1)4) -
21	 FORMAT(1X,14A5)

WRITE(5,22) (LND(IR,IC),IC=1,14)
22	 FORMAT(1X,14A5)
295	 CONTINUE

CALL TINPUT(C)
400	 CALL NEWPAG
403	 wRITE(5,390)
39 0 	FORMAT(//,1X,'PLEASE TYPE IN THE OPTION YOU HAVE

f SELECTED")
401	 WRITE(5,333)

READ(5,16) IOPT
CALL TIME(XTIME,YTIME)
WRITE(N37,3737) XTIME,YTIME
WRITE(N37,390)
WRITE(N37,3738) IOPT
IF(IOPT.EQ.5HAP	 ) NB=NUMP+1
IF(IOPT.EQ.5HAP	 ) GO TO 23
IF(IOPT,EQ.5HNPS	 ) GO TO 74
IF(IOPT.EQ.5HNI	 ) GO TO 49
IF(IOPT,EQ.5HMW	 ) CALL TOTAL
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IF(IOPT.EQ,511MW	 ) GO T0403
IF(IOPT,EQ.5H3TOP ) GO TO 479
IF(IOPT.NE. 5HHELP ) GO TO 481
WRITE(5,701)

701	 FOR4AT(1X,"THE COMMANDS ARE:",/,1X,"AP= ADD A PLANT OR PLANTS',
#2X,"(SAME IMPACT)',
#/,1X,'NPS= NEW POWER PLANT(S)',/,1X,'NI= NEW IMPACT (SAME
# PLANTS)',/,1X,'MW= MEGAWATT CAPACITIY
# THE PLANT(S) SELECTED',/,1X,'STOP= STOP PROGRAM')

GO TO 403
481	 WRITE(5,18)
18	 FORMAT(1X,'YOU HAVE INCORRECTLY TYPED THE OPTION

# PLEASE TRY AGAIN')
GO TO 403

479	 STOP
END
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A Computerized Information System on the
Impacts of Coal-Fired Energy Development

in the Southwest*
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INTRODUCTION

The objective of this pamphlet is to provide background material on the
computerized information system and on coal-fired energy development in the

Southwest. This background material will help you, the user, interact

with the system and interpret the information shown to you.

The information system is designed to transfer information to you

on the environmental impacts of a power plant or a series of plants. You

decide what power plants and impacts you want to look at, and if the in-

formation is available, it will be displayed to you. HoweVer, communi-

cation of information is not meant to be just from the system to the

user. One responsibility that each person using the system has is to

provide feedback that can be used to modify or update the existing infor-

mation. Such feedback from the different users is an important part of

the system.

Operation of the system relies on a time-sharing computer, a cathode

ray tube (CRT) terminal which displays information, and a technician who

acts as a mediator between you and the information available from the

system. Both qualitative and quantitative information is used to describe

the various impacts. Most of the qualitative descriptions are excerpts

taken from existing documents. Quantitative descriptions are derived from

computer models as well as documents.

The Power Plants

Power plants covered by the information system are broken down into

three groups: (1) existing power plants, (2) plants under construction,
and (3) proposed plants (see figure 1). Along with the power plants are
the transmission lines which carry the power to the load areas (e.g., Los

Angeles, Phoenix, Tucson, Salt Lake City, etc.). Figure 2 is a map show-

ing the locations of the power plants and transmission lines which are

considered by the system.

The Impacts

Environmental impacts are classified according to their effects on

the human environment or the natural environment. Figure 3 shows the

breakdown of impacts for each environment. When multiple plants are

operating within a specified region, cumulative impacts result. For
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instance, salinity on the Colorado River becomes cumulatively greater as

more water is withdrawn by power plants. Air quality ,also undergoes

cumulative changes when plants are built within about 40 miles of each

other. Impacts affected by multiple plants are also identtfied in

figure 3.

The amount of information on the environmental impacts of the dif-

ferent power plants varies a great deal. Figure 4 shows which power

plants are covered by each impact category. By referring to this figure

when selecting a power plant or plants and an impact category, you will

reduce the chances of receiving a message from the system indicating

that there is no information on the impact you have chosen.

System Operation

The process of obtaining information on the environmental impacts of

the power 'plants depends upon choices made by you. As a first step in

this process a power plant or a series of power plants must be selected

from the list in figure 1. Once this is done you then choose an impact

for review. The list of environmental impacts is found in figure 3. If

you have selected more than one power plant, you must select a cumulative

impact. In order to determine if there is information available on the

impact selected, refer to figure 4. When there is no information available,

you may either revise your power plant selection and/or choose a new

impact.

After the selection is made, the technician will retrieve the appro-

priate information from the system. At this point you should carefully

examine what is displayed. The following sections of this pamphlet contain

brief descriptions of the computer models and other pertinent material.

These should assist you in examining the display. The technician will also

help you interpret the displays as necessary. If you have a suggestion

of how the system or the information displayed can be improved, please

make note of it. You will be given the opportunity to respond fully after

your interaction when the system is completed.
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Depending upon what impact you have chosen, different options are

available which will enable you to move on to your next selection.

Options are available which allow you to: (1) review a new impact, but
for the same power plant(s), (2) select a new power plant or plants, and
(3) add to the plant(s) already selected (only for cumulative impacts).

78
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FIGURE 1. Power Plants by Generating Units

Existin* Plants 

Megawatt Capacity	Date of Operation

1. Four Corners	 (1-5)* 2162 1963

2. Mohave	 (1-2) 1580 1971

3. Cholla	 (1) 120 1962

4. San Juan	 (2) 345 1973

Plants Under Construction

5. Huntington Canyon	 (1) 430 1974

6. Huntington Canyon	 (2) 430 1977

7. Navajo	 (1-3) 2310 1974-76

8. San Juan	 (1) 345 1976

9. Cholla	 (2-3) 500 1976-77

Proposed Plants 	.

10. San Juan	 (3) 500 1980

11. Southern Nevada 1600 1980

12. Kaiparowits	 (1) 1000 1980

13. Kaiparowits	 (2) 1000	 - 1980

14.. Kaiparowits	 (3) 1000 1980
'
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FIGURE 3. Impacts on the Human and Natural Environments

Natural Environment

81
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Human Interest 

(Archaeology, Aesthetics,

Hisoric, Recreation)
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(C) Social Variables* 

(C) denotes a cumulative impact

* See figure 6 for complete listing 

6



82

FIGURE 4. Availability of Impact Information
for Each Power Plant.
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MODEL DESCRIPTIONS AND INTERPRETIVE MATERIAL

FOR IMPACTS ON THE NATURAL ENVIRONMENT

Air Pollution Models

Air pollution models are used to estimate the range of concentrations

for sulfur dioxide, nitrogen dioxide, and particulates at locations around

the various power plants. Two models are used to describe the dispersion

of pollutants from a power plant. The first model is a Guassian diffusion

model as described by Turner (1970, pp. 5-6). It provides estimates for

the short term (3-24 hours) and, with modifications, annual averages (U.S.

Dept. of Interior, 1972, Appendix E, p. 46). The second model is a limited

mixing model developed by the Tennessee Valley Authority (Carpenter, et al.,

1971). This model is applied only to inversion conditions and to an

averaging time of three hours.

Estimates and Assumption's. A high and a low estimate of pollutant

concentrations are displayed for each receptor (receptor locations are

shown in figure 5a-b). The values given represent the concentrations which

occur when different atmospheric conditions and assumptions on plume dis-

persion are used in the models. High estimates for the short-term are

obtained by subtracting the receptor elevation from the plume rise in the

Gaussian model during stable atmospheric conditions. Impingement of the

plume on high terrain features can occur if the terrain is higher than the

plume. This would result in the highest concentrations possible. Three

hour maximum concentrations at locations near a plant can also occur with

an inversion. The inversion height used in the limited mixing model is

500 meters, or the lowest height above that which the plume does not pene-

trate. Low estimates for short term periods result when the plume height

is held constant above the terrain for all atmospheric stabilities. Annual

concentrations vary according to the assumptions dealing with the plume

height under stable and unstable conditions. Estimates for both short and

long term averaging periods do not include the decay of gasses to particu-

lates. Furthermore, concentrations predicted by the models are not added

onto background levels.

Controls. Calculations are based on no control of sulfur dioxide or

nitrogen dioxide. However, the effect of a certain removal efficiency can
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be obtained by simply multiplying the concentrations by the percent of the

pollutant left after control. Particulate control efficiencies vary from

plant to plant. Nevertheless, by the year 1980 the lowest efficiency is

assumed to be at least 99%.

Inputs. The meteorological and source inputs required to perform the

computations of each model are those used in the Southwest Energy Study

(U.S. Dept. of Interior, 1972, Appendix C-1). The only power plant which

is not modeled directly is the Cholla Plant. Concentrations for that

plant are from estimates made by Dames and Moore, Inc.

Visibility Model

The objective of the visibility model is to estimate the reduction in

visual ranges at various locations around each power plant due to increased

concentrations of suspended particulates. The model was developed by

Ettinger and Royer (1972) of the Los Alamos Scientific Laboratory, University

of California.

Estimates and Assumptions. In order to estimate a reduction in ex-

isting visibilities the following assumptions are made:	 (1) the background

visual range in the non-urban Southwest is 60 miles and (2) the mass con-

centration associated with that visual range is 28.5 micro-grams per cubic

meter.

Inputs. The only input into the model is the maximum annual parti-

culate concentration estimated from the Gaussian diffusion model. Visi-

bility reductions due to sulfur dioxide and particulate sulfates are not

considered.

Groundwater Model

The main objective of the groundwater model is to estimate head declines

in the confined and unconfined areas of the Navajo sandstone and the Mesaverde

formation on Black Mesa caused by the withdrawal of groundwater (Dove, 1973,

p. 42). This water is used in a'slurry pipeline which transports coal to

the Mohave Power Plant in Nevada. The actual model used to estimate head

declines is based on a simulation program made by Prickett and Lonnquist

(1971) of the Illinois State Water Survey. Mathematics used in the model

consist of finite difference equations developed from Darcy's Law and the

conservation of mass (Dove, 1973, p. 71).
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Estimates and Assumptions. Ranges of drawdowns for locations on Black

Mesa (See figure 5-c) are obtained from a sensitivity analysis of storage

coefficients and transmissivities. Some of the assumptions used are:

(1) recharge is zero, (2) leakage is zero, (3) pumping time is 35 years,

and (4) pumpage rate is 2000 gpm.

Water Quality Model for the Colorado River

The purpose of the water quality model is to predict changes in total

dissolved solids at stations on the Colorado River (see figure 2) due to

the withdrawal of cooling water for a single plant or a series of plants.

The model itself is based on a mass balance approach (Dove, 1973, p. 38).

Estimates and Assumptions. Each estimate given for a station is a

function of the mean flows at a station, the power plant withdrawal, and

the salt loading of the mean flow. Assumptions include: (1) no return of

cooling water withdrawals and (2) downstream uses remain the same.

Inputs. The only inputs required by the model is the depletion in

acre-feet of the plant(s) selected for review and the salinity of the mean

flows.

Surface Water Legal Aspects

A power plant utilizing water from the Colorado River system must

obtain that water out of the apportionment of the state in which it is

located. Presently there is no shortage of water on the Colorado River.

However, in a time of shortage caused by the consumption of water by states

in the upper and lower basins of the river and/or a period of low flow,

various users would inevitably have to be cut back. Since the power plants

who use the river water have a relatively high value in use (dollars added

to the regional economy per acre foot), it is reasonable to assume that

they would maintain their level of consumption. Consequently, users within

the state that the power plants are situated or possibly in other states

would face reductions. The act6a1 states and users who would bear the

depletion of a particular power plant is based upon an interpretation of

existing legislation governing use of the river.
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MODEL DESCRIPTINS AND INTERPRETIVE MATERIAL

FOR IMPACTS ON THE HUMAN ENVIRONMENT

Regional Economics

Economic growth of the Southwest depends heavily upon the production

of electrical energy. If electrical energy is unavailable in the future,

then the growth of this region would be slowed down or possibly stopped.

The main objective of the regional economic model is to determine what

impact a certain level of power development has on the regional economy

(i.e., Arizona, Nevada, New Mexico, Utah, and southern California), the

subregion (the previous states except southern California) and southern

California.

Estimates and Assumptions. An input-output model is used to estimate

regional economic impacts of different levels of coal-fired energy develop-

ment. In this model a regional economy is made up of sectors (e.g.,

agriculture, electric utilities, manufacturing, tc.) which exchange goods

and services with each other. Such a transfer of goods and services between

sectors results in a number of interdependencies among sectors. For example,

if the sector supplying energy to a manufacturing sector is cut back, then

production of the latter sector is slowed, causing further impacts on those

sectors doing business with manufacturing. The input-output model devised

by Everett (1974) considers both the direct and indirect economic impacts

resulting from a curtailment of power. Important assumptions used in the

application of the input-output method include: (1) the use of power per

dollar of output is increasing over time and (2) there are no other alter-

native sources of power available until after 1980.

Output. When a selection of power plants is made with the intent of

examining their regional economic impacts, it is assumed that none of the

other coal-fired power plants are built. Therefore, predictions made by

the model are a function of the electrical energy generated by 
the plants

chosen. Two kinds of informatiOn are presented on the regional economic

impacts: (1) total outputs by each of 9 sectors for the year 1980 and

(2) a comparison of the regional economies' total output resulting from the

power plant(s) chosen to its output at full power development. Total

outputs are in 1968 dollars.
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Social Model

The social model graphically describes changes which take place in

variables defining important characteristics of the Hopi and Navajo social

systems. The use of graphics to describe the behavior of social variables

in response to power development provides information on the direction of

variable change, + or -, and the relative magnitudes of change over time.

Estimates and Assumptions. Simulation of social variables is accom-

plished through the use of a model developed by Kane (1973) and modified

by McDonald (1973). In this simulation, affects of one variable on another

are defined by coefficients which form a cross-impact matrix. The algo-

rithm uses this impact matrix to calculate the changes in a variable over

time as a function of the other variables impacting it. Some assumptions

of the model are: (1) system variables are represented from maximum to

minimum, (2) variables change according to the net impact of all the other

variables, (3) interactions are described by a matrix of binary inter-

actions, and (4) there is an exponential relationship between variables

unless stated otherwise (Kane, 1973, p. 67).

Output. In order to interpret the display of a social variable, each

variable definition and scale must be understood. Definitions are in-

cluded in figure 6. Two curves are presented for each display. One illus-

trates the predicted movement of a variable over time, exclusive of power

development, and the other, shown by asterisks, depicts the movement of a

variable with power development. A comparison of the curves will aid in the

interpretation of the display. Because the model involves phenomena which

are difficult to measure, emphasis should not be placed on the exact state

of a variable at a point in time. Instead, emphasis should be placed on

the relative positions of the curves. With all variables scaled on a

maximum-minimum basis, intervariable comparisons can be made and insight

gained into the relative magnitude of impacts.
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FIGURE 6. Social Variable Definitions

1. Acculturation. The degree to which elements of other cultures have

been incorporated or assimilated.

2. Individual Stress. Mental tension resulting from factors that tend

to alter existing equilibrium.

3. Tribal Government Effectiveness. The degree to which the tribal

government effectively carries out its responsibilities.

4. Social Structure Unity. The degree to which the social structure

of the tribe maintains its unity.

5. Federal Government Involvement. The degree to which the federal

government is involved with the affairs of the tribe.

6. Health. The general health of the tribe.

7. Population. The number of Indians on the reservation.

8. Indian Employment. A description of the potential numbers of Indians

employed in wage earning positions and those self employed.

9. Indian Income. A description of the sum of all economic gains to

and activity generated by the Indians.

10. Tribal Income. The total income generated by the tribal government.
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Preliminary Questionnaire

L Which of the following terms best describes your interest in evaluating
the impacts of coal-fired energy development?

•

( ) uninterested ( ) mildly interested ( ) moderately interested

( ) highly interested

2. Select the way(s) in which you have directly or indirectly been involved
with coal-fired energy development in the Southwest.

( ) professional affiliation with a utility

( ) participation in a public hearing or a workshop

( ) providing comments to draft environmental impact statements or
the Southwest Energy Study

( ) membership in an organization concerned about coal-fired energy
development

( ) sending letters to governmental officials on some aspect of coal-
fired energy development

( ) a concerned citizen

( ) other (please specify)

3. Have you ever used a computer before?

( ) Yes	 ( ) No

If Yes, in what capacity did you use the computer?
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!. Rank order the following sources of information according to their actual
importance to you as ways of obtaining information on the impacts of
coal-fired energy development.

The most important source of information would receive a ranking of 1,
the next 2, etc.

Source of Information

Newspapers or television

Environmental impact statements or reports

Environmental periodicals or newsletters

Public hearings

Personal contacts

Other (please specify)
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Firwil Questionnaire

Introduction

Questions 1-4 ask you to rate various sources of information according to
how you feel they present information on the impacts of coal-fired energy
development in the Southwest.

1. How useful is each information source as a means of assessing the im-
pacts of coal-fired energy development in the Southwest? Assign a
number from 0 to 100 to each source according to its usefulness.

The rating scale ranges from 0 points (useless) to 100 points (extremely
useful).

Source of Information	 Rating

a. environmental impact statements or reports
b. environmental periodicals or newsletters
c. the information system
d. newspapers or television
e. public hearings
f. personal contacts
g. other (please specify)

2. How convenient is each of the following sources as a way of obtaining
impact information on coal-fired power plants?

The rating scale ranges from 0 points (inconvenient) to 100 points
(highly convenient).

Source of Information	 Rating

a. environmental impact statements or reports
b. environmental periodicals or newsletters
c. the information system
d. newspapers or television
e. public hearings
f. personal contacts
g. other (please specify)
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3. How credible is each of the following as a source of information on the
impacts of coal-fired energy developent?

The rating scale ranges from 0 points (no credibility) to 100 points
(full credibility).

Source cf Information 	 Rating

a. environmental impact statements or reports
b. environmental periodicals or newsletters
c. the information system
d. newspapers or television
e. public hearings
f. personal contacts
g. other (please specify)

4, How accurately  does each of the following sources provide information
on the impacts of coal-fired energy development?

The rating scale ranges from 0 points (inaccurate) to 100 points
(extremely accurate).

Source of Information 	 Rating

a. environmental impact statements or reports

b. environmental periodicals or newsletters
c. the information system
d. newspapers or television
e. public hearings
f. personal contacts
g. other (please specify)

5. Rank order the following organizations according to how effectively you
feel they could develop and maintain such an information system.

The organization which could most effectively develop and maintain

such a system would receive a ranking of 1, the next 2, etc.

Rank	 Organization

a university
a private organization
a government agency
a power company
other (please specify)
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6. Please list the advantages of the information system:

7. Please list the disadvantages of the information system:

8. How do you feel that the information system could be improved?

9. Would you be willing to use the information system again on another

subject?

( ) Yes	 ( ) No
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10. Were there any additional impacts which you felt should have been
included in the information system?

( ) Yes
	

) No

If Yes, please explain.

11. Do you feel that the cumulative imnacts of a series of power plants
should be considered as carefully as the impaCts of individual
plants?

( ) Yes	 ( ) No

12. Please rate how adequately cumulative impacts were covered by the
information system.

The rating scale ranges from 0 points (inadequate) to 100 points
(completely adequate).

Rating

The remaining questions involve the bias, clarity, and

completeness of the information which you have examined on the various

impacts. If you did not review any information on a category, please

skip to the next one.
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13. Please rate the bias of the information which was displayed to you on
each of the following areas.

The rating scale ranges from 0 points (unbiased) to 100 points
(completely biased).

Natural Environment 	 Rating

a. air
b. biota
c. land
d. water

Human Environment	 Rating

a. Native Americans
b. local economics
c. regional economics
d. human interest

14. Please rate the clarity of the information which was displayed to you
on each of the following areas.

The rating scale ranges from 0 points (unclear) to 100 points
(completely clear).

Natural Environment 	 Rating

a. air
b. biota
c. land
d. water

Hunan Environment	 Rating

a. Native Americans
b. local economics
C. regional economics
d. human interest
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15. Please rate the completeness of the information which was displayed to
you on each of the following areas.

The rating scale ranges from 0 points (incomplete) to 100 points
(complete).

Natural Environment	 Rating

a. air
b. biota
C. land
d. water

Human Enviroment	 Rating

a. Native Americans
b. local economics
c. regional economics
d. human interest
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