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Preface and Acknowledgments

This book is based on nine years of experience with an international, inter-
disciplinary project team committed to the task of developing and testing a
new approach to project planning and management in the dual interests
of productivity and safety. The model designed and developed is based on
the conceptual framework of an integrated project planning and manage-
ment cycle (IPPMC). Experience with the IPPMC demonstrates its effec-
tiveness in planning and managing projects from inception through
completion as a unified process with continuous evaluation to ensure proper
attention to each phase/task of the integrated project cycle. This includes
additional emphasis on environmental feasibility—a sorely neglected area—
along with a detailed checklist to prevent waste (costly overruns), project
failures (not meeting objectives), and structural failures and to analyze the
impact of all projects on the environment.

The book is intended to meet the needs of both educators and practition-
ers, who must understand the integrated project cycle from inception
through completion and the broad range of factors that contribute to a
project’s success or failure. The process of decision making in anticipating
problems that might arise during design and implementation is enhanced
by the use of IPPMC case histories. The lessons derived from these cases
have also been found to be useful in many fields other than public works,
such as agriculture, industry, and social areas (education, public health,
etc). A brief description of each chapter will illustrate the diverse groups
and interests served by this book.

Chapter 1 introduces the concept of the IPPMC and its four phases,
ranging from project identification to completion, evaluation, and refine-
ment. It highlights the need for a new project management team to assume
responsibility for all tasks in the integrated project cycle in order to provide
unified control. This new approach is reinforced by experience with many
projects in many countries which shows that the majority of projects in all
sectors follow a similar process from inception to completion and that the
process is a function of the integrated project cycle.

Chapter 2 introduces the IPPMC and case history materials. It summa-
rizes a three-year search by members of the project team for resource mate-
rials on the various tasks in the IPPMC. This exhaustive search demon-
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vi PREFACE AND ACKNOWLEDGMENTS

strated many gaps in the literature, in education, and in practice. A major
conclusion was the need for carefully researched and published case histor-
ies of a wide variety of projects from all sectors to establish badly needed
data bases that would provide useful lessons and insights for future proj-
ects. A review of available case studies from different disciplines is included
to demonstrate the need for case histories in the IPPMC framework. The
chapter also discusses critical gaps in the literature, which are covered in
this book.

Chapter 3 discusses feasibility and appraisal. Based on preliminary for-
mulation and design work, feasibility studies must be conducted and ana-
lyzed to determine if the project is justified from economic, social, and
technological points of view. If so, can the necessary human, financial, and
organizational resources be provided to implement it? Will the project offer
sufficient benefits to justify the use of scarce resources, with due regard
given to possible long-term environmental changes (both material and cul-
tural)? These are critical questions that must be answered by competent
professionals. This chapter represents the critical juncture in the project
cycle in all sectors. It provides baseline data for subsequent tasks in the
IPPMC.

Chapter 4 addresses project evaluation, an area not covered in the class-
room and only recently (1970s) emerging in practice, especially in interna-
tional funding agencies. Various models are examined and related to the
IPPMC to emphasize the need for both ongoing and postproject evalua-
tion.

Chapter 5 presents and discusses guidelines for researchers and writers of
case histories of public works projects. The guidelines also serve as a check-
list for project control, evaluation, and troubleshooting.

Chapters 6, 7, and 8 cover three case histories of projects with environ-
mental problems and issues. Chapter 8 also demonstrates the large number
of serious problems that emerge when a fragmented approach is used to
plan, design, and implement a complex project. Each case is written in the
IPPMC framework.

Chapter 9 discusses the all-important and often neglected factors of how
best to analyse and incorporate the lessons learned from evaluation of the
project into future project planning, design, and management.

Chapter 10 presents a brief summary followed by conclusions for both
educators and practitioners in a variety of engineering and scientific fields.

Appendix A contains a syllabus of the IPPMC prototype curriculum.
Appendix B consists of executive summaries of six IPPMC case histories,
including a small hydroelectric power project in China.

Appendices C and D briefly cover geothermal energy and biomass en-
ergy, respectively. Appendix E presents a sample checklist of guidelines and
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questions in the IPPMC framework for the necessary quality control of
each task.

The IPPMC curriculum and supporting materials were developed, tested,
and refined over a nine-year period (1975-1984) by senior scholars and
practitioners from 10 countries in Asia, the Pacific, and the United States.
The motivation for this intensive team effort was the ongoing waste and
mismanagement in their respective countries by both national government
agencies and international funding organizations.

The initial international team comprised 18 scholars and practitioners
from seven countries, increasing to 30 persons from ten countries. The au-
thor is indebted to each of them and their cooperating institutions for their
commitment, dedication, and many contributions. Special thanks are con-
veyed to Dr. John Hawkins, University of California, Los Angeles, who
remains active with the author in expanding the applications of the IPPMC
to various aspects of society, including education. As friend and colleague,
he wrote Chapter 4 and prepared one of the executive summaries. Then I
wish to acknowledge my co-authors for the Hawaii bagasse and geothermal
cases, Dr. Tetsuo Miyabara and Barbara Yount; and the co-authors of the
Trans-Alaska Pipeline case, Drs. George Geistauts and Vern Hauck. I am
also indebted to Dr. Takeshi Yoshihara, Energy Program Administrator,
State of Hawaii, for his assistance in updating the two Hawaii case histories
for the Epilogues.

Thanks are also due the East-West Center for its financial and moral
support from 1975 to 1983 and to the Exxon Education Foundation for its
significant grant in 1978, which enabled the researching and writing of 30
case histories of development projects in the IPPMC framework as integral
components of the curriculum. Finally, much credit is due to my secretaries,
Maggie Hurwitz in San Diego, California, for her endless typing and retyp-
ing of the initial chapters and Jane Reeves in Clemson, South Carolina, for
her preparation of the final chapters.

Louis J. GoopMAN
ORLANDO, FLORIDA
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CHAPTER 1

Introduction to the Integrated Project
Planning and Management Cycle (IPPMC)

A BRIEF OVERVIEW OF MANAGEMENT PROBLEMS

The key to economic and social growth in all countries—developed or devel-
oping—is better management in all sectors: agriculture, industry, public
works, education, public health, government. In the U.S. in recent years,
investigators have studied waste and mismanagement on a wide range of
construction projects, including nuclear power plants, in the federal govern-
ment itself, and in numerous other situations.'??

Remedial actions are being attempted in both education and practice.
There is a growing awareness of the need to improve both the productivity
and quality of projects. For example, in 1969 a report by the American
Society for Engineering Education (ASEE) indicated only 10 bachelor’s
level programs in engineering management.* Yet, according to the Engineers
Joint Council, two-thirds of all engineers are likely to spend the last two-
thirds of their careers as managers.® With schools of engineering becoming
more aware of the need to include management in the curriculum, the num-
ber offering engineering management programs had risen by 1979 to 25.°
In 1979 Kocaoglu surveyed the status of graduate programs in engineering
management and found 70 with some offered jointly with a school of busi-
ness.” In 1980 Bennett reviewed the history of engineering management pro-
grams, including a survey of related activities by national professional engi-
neering societies.®

Engineering management programs are mostly in civil and industrial en-
gineering departments, with some interaction with business administration.
Surprisingly, management receives little or no attention in one of the newer
engineering disciplines—environmental. The need to better understand the
impacts of various projects on the environment and public health is inti-
mately related to project planning and management. The National Environ-
mental Protection Act (NEPA), signed into law on January 1, 1970, encour-
ages harmony between man and his environment. The Act imposes
environmental impact statement requirements on all agencies and depart-
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ments, requiring identification of adverse environmental impacts, consid-
eration of alternatives, and public distribution of these documents.

Internationally, the environment emerged as an important public issue
during the 1960’s. At that time it was perceived almost exclusively as a con-
cern of the industrialized countries. For urbanization and industrialization,
which had created great benefits for these societies, were also producing
unexpected costs in: (1) pollution of air, soil and water; (2) destruction of
natural resources; and (3) deterioration in the quality of urban life. In June
1972 the United Nations held a conference on the human environment in
Stockholm. The conference had two significant results: (1) establishing the
environment as an important item on the agenda of governments through-
out the world; and (2) creating the United Nations Environment Program
to assist developing countries.

Yet, in spite of the widely acknowledged idea that man needs to under-
stand and manage the relationship between the environment and economic
and social projects, there remains a major gap: We still deal with pollution
problems in compartments neatly related to single parts of the environ-
ment—air, land, and water. This fragmentation is compounded by the even
more serious fragmentation of project planning, design, implementation,
and management. Indeed, my experience with over 700 public works proj-
ects in the United States, Ecuador, Egypt and Asia confirms the outstanding
need for more unified control of all projects, both public and private, from
inception to completion.

Unfortunately, engineering management education and practice have not
fully addressed this need for a unified approach. On many projects we con-
tinue to encounter serious problems of waste and mismanagement of finan-
cial, human, and natural resources. On most projects, this waste stems from
the aforementioned fragmented approach. Beyond the waste and reduced
productivity is the adverse impact of mismanagement of the environment
itself—pollution of air, soil, and water with resulting degradation of vegeta-
tion, water supply systems, and public health.

EXAMPLES OF PROJECT* PROBLEMS

Since its completion in 1977, much has been written about the Trans-Alaska
Pipeline System (TAPS).® While originally budgeted at $900 million in 1968,
by the time of its completion, the project actually cost over $8 billion (later

*By definition, a project achieves a given objective within a set time frame. Projects should
be a response to a readily apparent need for economic and social growth in any sector in
both developing and developed societies. Therefore, the terms ‘‘development project’’ and
‘‘project”” have the same meaning.
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studies show over $9 billion), making it the most expensive privately fi-
nanced project in history. In the process, TAPS transformed the economy
of Alaska, caused a boom-bust cycle in some communities, endangered its
environment, and restructured its society.

Another classic example of project complexity and cost overruns is the
Washington Public Power Supply System’s (WPPSS) nuclear power plant
projects. The 1973 $4.1 billion cost estimate ballooned to an estimated $25
billion in 1983. Even more serious are the facts that (1) the State of Wash-
ington defaulted on $2.25 billion in municipal bonds, the largest such de-
fault in U.S. history, and that (2) three of the five plants under simultaneous
construction were abandoned.

In the field of hazardous waste disposal and subsequent consequences,
the United States is still struggling, through the Environmental Protection
Agency (EPA) and Congress (for policies and funding), to accomplish two
top-priority needs. First, toxic waste cleanup has barely begun, in spite of
the so-called Superfund of $1.6 billion established in 1980. In 1984, accord-
ing to EPA staff members, only six toxic dumps were eliminated, with well
over 1200 (1800 according to some estimates) to go. Second, a mechanism
has yet to be designed and tested for monitoring soil and groundwater con-
tamination from toxic waste disposal. Few site-specific data are available
on the performance and costs of remedial measures. The lessons of Love
Canal and Times Beach have not been fully learned.

Internationally, there have been project problems similar to, or more se-
vere than, the three briefly mentioned. However, experience clearly demon-
strates a common thread running through the majority of the problem areas
experienced in most projects, and in all sectors and all countries. The com-
mon thread is lack of teamwork among planners, designers, implementers,
and managers of projects, compounded by a lack of adequate and accurate
information. This relates directly to the priority needs of the construction
industry, as reported by The Business Roundtable’s Construction Industry
Cost Effectiveness study.! The 1983 Summary Report places high priority
on (1) the need for teamwork among planners, designers, contractors, and
owners and (2) the need for accurate information.

These identical conclusions were reached by an international, interdis-
ciplinary project team at the East-West Center* in 1975, with the author as
project director. In addition, the project team recommended a new ap-
proach to project planning and management that would focus on the con-

*The East-West Center is an educational institution established in Hawaii in 1960 by the
United States Congress. The center’s mandate is ‘‘to promote better relations and understand-
ing among the nations of Asia, the Pacific, and the United States through cooperative study,
training, and research.”’
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cept of an integrated project cycle as the basis of a new curriculum and
related resource materials.

THE PROBLEM: THE NEED TO IMPROVE PROJECT PLANNING
AND MANAGEMENT

The East-West Center and its partner institutions in the Asian-Pacific re-
gion had for many years recognized problems in the area of public policy
implementation and project management (PPIPM). Specific aspects of the
problem were studied at the Center during 1971-1974 in a series of annual
conferences and workshops on public leadership, project feasibility and
evaluation, and manpower development for project management. The ex-
periences and recommendations of the scholars and practitioners in 18
countries who participated in these meetings indicated the need for research
and development of a systems methodology to solve the overall problem
of project management. This need was emphasized by many international
assistance agencies such as the World Bank, the Asian Development Bank,
the United Nations Development Program, the U.S. Agency for Interna-
tional Development, the Inter-American Bank, and the Canadian Interna-
tional Development Agency.

It was deemed advisable to convene a Planning Workshop on Project
Management in June 1975. This workshop provided a forum for a group
of resource persons representing 10 countries in Asia, the Pacific, and the
United States to articulate what was needed to achieve better project man-
agement and to recommend a strategy for follow-up activities to meet these
needs. A two-day joint session was held with participants of a complemen-
tary Workshop on Public Leadership Strategies. This provided an opportu-
nity to gain mutual understanding and support from leaders representing
various ministries, universities, and private organizations from these same
countries. Thus the PPIPM project team was created, and agreement was
reached on the curriculum research activities over the next year. The project
team would convene at the East-West Center in August or September 1976
for progress reports and critiques. It was also agreed that a curriculum
would be developed in the context of an integrated project cycle, from proj-
ect identification to completion and evaluation.

The rationale for the concept of an integrated project cycle as the basis
for curriculum research and development was reinforced by a series of
meetings with senior officials in both public and private institutions in Ja-
pan, Korea, the Philippines, and the United States in 1973 and 1974.'° In-
deed, support for the need to improve project management training and
education emerged rapidly in the late 1960s with postmortems and analyses
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of what went wrong with development strategies and projects in the first
two decades after World War II.!-13

THE INTEGRATED PROJECT PLANNING AND MANAGEMENT
CYCLE (IPPMC)

Studies of costly overruns and failures of development projects by the
PPIPM project teams in their respective countries pointed to the need for
more effective coordination and control of the various tasks throughout the
project cycle. The project cycle is not a new concept. It has been used by
the World Bank and other international funding agencies for a number of
years as a basis for their lending programs. There is general agreement that
each project passes through a cycle which, with some variations, is common
to all.'* The PPIPM project team developed the IPPMC as its conceptual
framework for the new curriculum because of the need to systematically
integrate the many tasks and procedures to ensure better control and pro-
ductivity.

The IPPMC is a conceptual tool for observing and analyzing the process
of a development project (Figure 1.1). This integrated matrix has been de-
veloped to clarify the major phases and tasks that constitute the pro-
ject, from planning through implementation, evaluation, and refinement,
with the central function of policymaking providing focus and direction
throughout.

The IPPMC may be divided into four phases:

* Planning, appraisal, and design

e Selection, approval, and activation
e Operation, control, and handover
¢ Evaluation and refinement

Specific tasks may be further identified within these four phases.

Figure 1.1 illustrates the relationship among the phases of the project
cycle, the tasks within each phase, and the overall dependency on central
policy issues. It must be emphasized that the project cycle is an ideal model;
not every project will conform exactly to it. However, as mentioned earlier,
each project does pass through a cycle consisting of a sequence of phases,
and the last phase should produce new project ideas and approaches. Thus,
the project cycle is self-renewing, as shown in Figure 1.1. Continual feed-
back and dependency do exist among the tasks, however. Each task is de-
pendent upon and influenced by the others.

There is a two-way flow of information between those responsible for
policy and those responsible for managing each of the project tasks. This
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Figure 1.1. Integrated project planning and management cycle: The four phases.

feedback to policymakers and management’s response is an important part
of the integrated project cycle. Decisions on project implementation, al-
though in the hands of the manager on a day-to-day basis, are closely linked
to the policy framework within which the project operates. Thus, all tasks
within the four phases of the IPPMC are tied together by policies emanating
from the various authorities concerned with the project.’>*

The IPPMC framework emphasizes the interdependent and cyclical na-
ture of projects. However, because each task within the four phases of the
cycle is distinct and must be examined as an individual entity, proceeding in
an orderly time sequence, the cycle must also reflect this linear progression.

The IPPMC is intended to be a flexible model for analysis and observa-
tion. The bond between the myriad activities it encompasses is the authority
relationship of all of the decision makers involved, from top government
policymakers down to project foremen. By analyzing these changing power
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relationships within the framework of the integrated project cycle, a cohe-
sive and readily intelligible overview of the project can be provided. The
IPPMC conceptual framework provides the basis for the syllabus of the
prototype curriculum.

With this overview of the IPPMC, we can proceed to examine each of
the four phases and their tasks.*

Phase 1: Planning, Appraisal, and Design

The first phase of the project is planning, appraisal, and design. There are
three basic tasks in this phase: (1) identification and formulation of the
project, (2) feasibility analysis and appraisal, and (3) design of the project.
The first joint task, identification and formulation, involves the actual con-
ception or identification of a project, which may occur in several ways.
Basic requirements of a country indicate the need for projects to satisfy
them. The planning process often identifies a variety of project possibilities
for each sector of society. Identification of an agricultural project may first
require irrigation and transportation projects.

The major sources of projects in developing countries, however, are the
government departments or ministries, including central planning agencies.
Projects may be identified by political parties or government officials. In
this case, the motivation to undertake a project may be political, such as
an attempt to gain the support of particular constituents. In some countries,
private entrepreneur$ or multinational corporations will identify projects
that meet the criteria established by the government.

International agencies have their own procedures for identifying projects.
The identification process, then, must take into account various needs, pre-
conditions, and policies if the project idea is to proceed to operational re-
ality.

After a project has been identified, its parameters must be defined. This
is part of the formulation task. The formulation of a project involves the
development of a statement in broad terms which shows the objectives and
expected results of the project and provides an estimate of the various re-
sources required to achieve them.

The second set of tasks in the first phase, feasibility analysis and ap-
praisal, are critical ones which involve two distinct operations. A prerequi-
site for this set of tasks is the development of preliminary designs for the
project. These early designs must be detailed enough so that cost estimates
and decisions on various aspects of the project can be made.

Feasibility analysis is the process of determining if the project can be
implemented. Appraisal is the evaluation of the ability of the project to

*Source: Reference 15.
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succeed. Projects will proceed to the feasibility stage only if decision makers
find them desirable.

While feasibility analysis and appraisal are being conducted, several criti-
cal decisions need to be made. These decisions will determine, first, if the
project is capable of achieving its objective within the limits imposed by the
decision makers and, second, whether it will proceed. Preliminary estimates
of the resources required, and basic decisions about size, location, technol-
ogy, and administrative needs, must be made.

Feasibility and appraisal should be approached systematically and delib-
erately. Time spent in researching the feasibility of a project is usually time
well spent. Moreover, the findings at this point in the project will be useful
during other phases of the project, particularly phase 3.

Determining the feasibility of the project depends on the accuracy of the
information received. Even though the final detailed design of the project
can be undertaken only after approval has been given, the preliminary de-
signs form the basis of future decisions. Most developing countries have to
contend with a shortage of both design and research-development capabili-
ties. The result may be a lack of attention to critical aspects of the project.
When decisions have been made on the overall project concept, its dimen-
sions and parameters, it is then possible to determine its feasibility in the
terms required by the policymakers and funding agencies.

Some projects may require a pilot study as part of the feasibility process.
Pilot studies provide data that enable more meaningful decisions to be made
about larger projects. The appraisal process may require a comparative
study to determine the merits of one project over another. Although the
project identified may be feasible to implement, a comparative study deter-
mines whether the resources will be best used in this project or in some
other form.

Many governments and international agencies have developed rigid pro-
cedures to be followed when their funds are required. While the actual de-
tails vary from project to project and from organization to organization,
the trend in recent years has been toward more sophisticated and more sys-
tematic project-related studies. For example, to receive a recommendation
from the United Nations Development Program (UNDP) for industrial
projects, prospective borrowers must undertake market analyses that in-
clude national trends in production, foreign trade, consumption, and con-
sumer prices, together with details about output type and use, cost of pro-
duction, and estimated sales. Other agencies have added new dimensions to
their studies, such as the impact on the social and cultural life of the com-
munity and the environmental and ecological impact of the project.

Numerous components of the project must be dealt with in the feasibility
report. Studies can relate to the feasibility of the technical, economic, com-
mercial, financial, administrative/managerial, and organizational aspects.
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Additional political, social, environmental, and cultural factors that affect
the project may also be included. Of great importance here is the need to
make an inventory of the present environment in order to assess and man-
age the impact of the project on change in any of the environmental baseline
factors such as groundwater contamination and/or air pollution. Various
technical alternatives must also be studied to ensure that the suggested ap-
proach fulfills project requirements.

Economic studies examine the overall sector into which the project falls
and consider how the project fits into this sector and the national planning
framework. Related to economic feasibility studies are commercial studies,
which may be necessary to determine the competitiveness of the proposed
project. These studies examine the market demand for the output of the
project, consider the costs of production, and look at all aspects of the
project to determine if it is viable.

Financial studies determine how much capital is required to complete the
project. These studies focus on whether the project can sustain its financial
obligations, have adequate working capital, and generate enough funds to
ensure adequate cash flow to keep the project operational.

Administrative/managerial studies determine the adequacy of procedures
to control and direct the project. Studies in this area are not always under-
taken, even though all projects would benefit from them. Their objective
is to determine whether a project that is economically, financially, and com-
mercially sound can be properly implemented by available managerial and
administrative procedures. Many countries suffer from a lack of manage-
ment and administrative capacity to direct projects. Related to this problem
is a lack of ability to ensure that a project can be administered effectively by
an appropriate agency or organization. Because administration of a project
differs from normal departmental procedures, a careful assessment of the
operational methods of existing units is necessary to ensure that a project’s
unique features can be catered to. Even though a project may be conceived
and sponsored by an existing department, the department itself may not
be the appropriate body to administer it. This is especially true when the
involvement of a large group of outside personnel and agencies is necessary,
since existing departmental procedures are often unable to provide the re-
quired flexibility.

Once the feasibility studies have have completed, a meaningful appraisal
of the project is possible. Policy and decision makers and lending institu-
tions may carry out the appraisal. They satisfy themselves that the project
meets the conditions that enable it to proceed. Their concern is to determine
whether or not the project is the best means of reaching the objectives they
have set. In addition to viewing the project itself, they may consider alterna-
tive means of reaching the objective.

Potential lending institutions may undertake their appraisal with a



10 PROJECT PLANNING AND MANAGEMENT

healthy skepticism toward all phases of the project. They attempt to deter-
mine if the project is intrinsically sound and if all the circumstances that
surround it are favorable.

The last task within this phase of the integrated project cycle is design.
As mentioned earlier, preliminary design criteria must be established before
project feasibility and appraisal begin. Once it has been determined that the
project will continue, the design proceeds. Design is a critical function. It
establishes the basic programs, allocates responsibilities, determines activi-
ties and resources, and sets down in operational form the areas of priority
and functions to be carried out. All inputs relating to projects, including
personnel, skills, technical requirements, and so on, must be determined at
this point. Environmental factors, social criteria, and procedures must be
assessed and included.

The design task also includes the preparation of blueprints and specifica-
tions for construction, facilities, and equipment. Operating plans and work
schedules are prepared and brought together in a formal implementation
plan; contingency plans may also be prepared. Designers must bring to-
gether the views of policy and decision makers and technical experts in such
a way that the design reflects the inputs of all persons contributing to the
project.

Phase 2: Selection, Approval, and Activation

This phase of the project has two major tasks: (1) selection and approval
and (2) activation. Selection takes place after the project has been accepted
by policy makers and funding organizations as meeting the feasibility crite-
ria. At this point, the design function, including the formal implementation
plan, has been completed. The project has been well defined, with key ele-
ments and inputs clearly identified. The selection of one project over
another is made on the basis of several criteria. Policy makers consider the
feasibility of the project and the priority of the project area. If a project
fulfills a major need or contributes to national or sector goals and is politi-
cally desirable, it may be selected over a competing project that is not politi-
cally important. Funding agencies, however, have a variety of techniques
for determining whether resources will be allocated to a particular project.
These techniques may range from cost-benefit to other complex forms of
analysis. Overall, however, the policy makers and the funding agency must
conclude that the project itself has a priority claim for the resources it re-
quires. Therefore, the selection process is normally competitive.

Project selection requires negotiations to obtain formal approval from
national authorities, funding agencies, and other contributors. This re-
quires the finalization of funding proposals, agreements, and contract
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documents, including tenders and other contracts and the introduction by
the government or some other organization of appropriate regulations.

Activation of the program involves the coordination and allocation of
resources to make the project operational. This is a complex process in
which the project manager brings together a project team, which may in-
clude professionals, technicians, and resource personnel. Other contribu-
tions to the project may come from other groups, such as consultants, con-
tractors, suppliers, and policy makers in other agencies. The outside inputs
must be coordinated with the work of the project team. Responsibility and
authority for executing the project must be assigned at this point. This in-
cludes the granting of authority to make decisions in areas relating to per-
sonnel, legal, financial, organizational, procurement, and administrative
matters.

The activation task must ensure that planning for all phases is undertaken
so that delays in vital inputs do not occur. Organizational and administra-
tive procedures, together with feedback and responses to policy makers’
decisions, will have an important bearing on implementation. Concern for
detail and proper planning during activation can save a great deal of time
and resources during later phases of the project. At this point, the actual
work of the project is about to begin.

Phase 3: Operation, Control, and Handover

Looking at the development project from the outside, the uninitiated ob-
server might mistake this most visible phase for the entire project. As has
been indicated, phase 3 in fact makes up only a small part of the integrated
project cycle. This phase has three sets of tasks: (1) implementation, (2)
supervision, and (3) completion and handover.

Implementation involves the allocation of tasks to groups within the proj-
ect organization. It is based on procedures set down during the two earlier
phases. At this point, a final review of the project design and timetable is
undertaken, and any necessary changes or adjustments are included. Deci-
sions about the procurement of equipment, resources, and manpower also
need to be made. Schedules and time frames need to be established, and
efficient feedback, communication, and other management information
systems must be set up. The responsibility for implementation rests with the
project manager. This person must work with policy makers, authorities,
and organizations related to the project, as well as with the policy makers
controlling it. His task is a complex one, requiring him to steer the project
through many obstacles.

The second set of tasks in phase 3 is supervision and control. Appropriate
procedures must be activated to provide feedback to both the policy makers
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and the project manager. Control procedures must identify and isolate
problem areas; because of the limited time span of a project, fast action is
necessary if costly delays are to be avoided. At this point, specific manage-
ment tools, such as the critical path method (CPM), program review and
evaluation techniques (PERT), and other forms of network analysis are
particularly useful. These control and supervision techniques break down a
project into detailed activities and establish the interrelationships between
and among them. This allows the project manager to organize the project
into manageable components, to coordinate all activities, and to set a time-
sequence schedule for project implementation. Although using such tech-
niques means taking more time prior to implementation, it is time well
spent. Not only will these techniques give the project internal coherence,
they will also save implementation time by isolating any problems to the
appropriate project component.

In addition to providing internal control, those funding the project main-
tain an independent monitoring and control system. The project manager
must therefore meet control criteria established by either the government or
another controlling agency, or perhaps by the funding institution. This may
involve using specified procedures, such as international competitive bid-
ding, for supply contracts. Formal procedures are established by many in-
ternational organizations for the procurement and control of resources.

Whatever supervision and control techniques are used, they must take
into account the changing patterns that occur during the life of the project.
These may include changes in policymaking and political organizations, dif-
ficulties with procurement, and poor performance by project team members
and contractors. In many cases, the overall project design will need to be
reviewed. Many technicians are involved in the supervision and control
processes, and adequate information flow in all directions—from the proj-
ect manager and from those within his organization with special responsibil-
ities—is essential if these procedures are to be effective. As part of supervi-
sion and control, any problems relating to environmental factors must also
be identified and appropriate action taken.

Control procedures are useful only if action is taken to correct any devia-
tion. It should also be noted that both personnel and input patterns change
as the project proceeds through its four phases. As work on some tasks is
completed, other personnel, experts, and contractors move in to begin new
tasks. Personnel must adjust to their new environment, and procedures
need to be reviewed and updated to meet the changing situation.

Project completion prepares the project for phasing out and handover to
another form of administration. These are the third set of tasks in this
phase. Project completion consists of scaling down and dismantling the
project organization. It also involves the transfer of project personnel to
other areas of operation. Assets and other facilities, including equipment



INTEGRATED PROJECT PLANNING AND MANAGEMENT CYCLE 13

and technology, may not be required by the operational project. Provisions
for their transfer must be made, since it is not always possible to have an
automatic transition from the development to the operational stage.

Completion may take place over a considerable period. As various parts
of a project are completed, however, they may be taken over by a new
organization, and handover may therefore be accomplished piecemeal. It is
essential that development resource linkages between scaled-down projects
and projects in the elementary stages of implementation be planned sys-
tematically to ensure optimal use of limited resources, particularly in broad
development programs. The new project, when operational, will have an
effect on other aspects within the sector. As the project becomes opera-
tional, the new controlling organization must have the skills, personnel, and
technical backup required. Key personnel working in the development stage
will often transfer over to the new controlling organization.

In cases where technical, financial, political, or other factors prevent
projects from being completed according to the original terms, handover
and termination procedures may have to be implemented at an earlier stage.
This may involve considerable loss as far as the project is concerned. In this
situation, the objective should be to liquidate the project in a way that will
obtain the most benefit.

As a project nears completion, special reporting systems should be set up
so that full information on the project is available. Completion reports
should be prepared for various authorities, including funding organizations
and policy makers.

The actual handover of the project’s operation involves finalization of
contracts, termination of loan facilities, and so on. It also includes the
transfer of the project’s activity and resources to the new administration.
This is a critical task. While the development of the project can be viewed
initially as a creative task, once the project is completed, it must be viewed
as a long-term operational program.

Phase 4: Evaluation and Refinement

The final phase of the project is the evaluation and refinement of policy
and planning factors. The first task is evaluation and follow-up. While it
is possible to evaluate project results immediately, actual benefits—both
anticipated and unanticipated—together with their side effects, may not be-
come apparent until the project has been operating for some time. Evalua-
tion thus needs to cover several time periods. Evaluation normally includes
a retrospective examination of the project in attaining its intended goals
within both the timetable and the budget. However, experience clearly dem-
onstrates that it is necessary to consider evaluation as an ongoing process
integrated with each phase of IPPMC. For example, evaluation procedures
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must be designed to analyze and propose solutions to problems that may
arise during the tasks of activation, implementation, supervision, and con-
trol. Ongoing evaluation, which includes retrospective evaluation, should
result in a careful documentation of experiences which can provide both
insights and lessons for improving project planning and project manage-
ment in the near future.

Evaluation of a project can take several forms. These include evaluation
by those responsible for implementation and by others with an interest in
the project, including funding organizations and contractors. Those who
are funding the project will undertake a thorough investigation of its finan-
cial aspects, including an effectiveness study of goal attainment. The agency
responsible for the project will determine whether its goals have been at-
tained and whether the expected impact on a sector or on national develop-
ment will be achieved. The studies should consider, in addition to the proj-
ect’s impact on the target group, its influence on the political, social,
cultural, and environmental factors relating to the project. An exhaustive
evaluation of each phase, to determine its contribution to the project in
terms of the budget, timetable, and other factors, is most desirable. In most
cases, however, the project is evaluated as a whole, with little effort made
to analyze each phase or each task separately.

International agencies, such as the World Bank and the United Nations,
have their own procedures for evaluating projects. These may be useful to
policy makers, since they provide the opportunity for comparative analysis
with similar projects.

Related to and often arising from the evaluation of a project is the need
for follow-up. Follow-up activities may vary from determining how unmet
needs can be satisfied to action on project tasks not properly fulfilled. The
piggyback or follow-up projects mentioned earlier may come into play at
this point. For a project to achieve its full objective, smaller or related proj-
ects may need to be implemented almost immediately. There is then a clear
need to relate follow-up action closely to project evaluation. Follow-up ac-
tion is one aspect of the project manager’s role which may involve consider-
ably more commitment than he initially envisages. If follow-up action
makes the difference between the project’s being fully or only partially op-
erational, it is wise to undertake these activities as quickly as possible. As-
pects arising from the follow-up procedures may be useful in the future. If
the project is successful, guidelines can be set down for the project to be
repeated in another setting.

The second and last task is refinement of policy and planning. Policy
makers and managers will need to refine their procedures in the light of
each completed project. Experiences and lessons learned should be the basis
on which planning and policy tasks are reviewed. As the essential control-
ling force, policy procedures must be continually updated to meet future
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challenges. Planning must also be able to meet new demands and situations.
Refinement of these procedures is an important contribution that the proj-
ect can make to future development programs.

The IPPMC is a flexible model for all phases of projects from conception
to completion. The force unifying all of the phases and tasks of the IPPMC
is the power and authority vested in various policy makers, ranging from
top government and political decision makers to those in charge of one
aspect of the project. The project manager, the staff, and outside contribu-
tors such as consultants or contractors are bound by and exist within the
framework of policy decisions. Analysis of these changing relationships
through the IPPMC model can provide a comprehensive overview of a de-
velopment project. It is also useful for policy makers in providing guidelines
for addressing policy issues as a basis for more viable policy formulation
and related decision making.

It is significant that the IPPMC conceptual framework was developed as
the basis of a new and dynamic approach to planning and management
because of past experience with the problems of poor planning and manage-
ment, resulting in the waste of enormous human and capital resources in
projects from all sectors. The viability and effectiveness of the IPPMC in
designing and implementing new curriculum materials for educating and
training project planners and project managers have been established. In
addition, the IPPMC has been shown to provide an effective conceptual
framework in four sorely neglected areas: (1) encouraging long overdue
teamwork among planners, designers, contractors, and owners of projects;
(2) satisfying the need for accurate information flows between and among
these groups to ensure safe, cost-effective projects; (3) creation of data
bases in each sector through carefully documented case histories of proj-
ects; and (4) the most difficult task of all—application of lessons learned
from the case histories to refinement of policies and planning to improve
productivity and quality of new projects.

These four areas are covered in detail in subsequent chapters.
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CHAPTER 2

The IPPMC and Case Materials

IPPMC PROTOTYPE CURRICULUM

The IPPMC prototype curriculum was designed and developed by the
PPIPM project team during the period 1975-1977 as part of an overall
strategy to develop, test, and refine both the curriculum and supporting
resource materials. A primary objective of the strategy was to design a cur-
riculum that would view planning, design, and implementation as parts of
a total process.! In addition, the outstanding problems in project manage-
ment training was believed to be a lack of innovative instructional programs
that increase the capacity for both analytical thinking and practical imple-
mentation skills.? Clearly, the PPIPM project team was committed to the
task of closely examining the managerial role in projects.

In September 1976, the PPIPM project team convened at the East-West
Center to present and discuss curriculum development progress reports. It
was agreed that the concept of a prototype curriculum was necessary—a
curriculum that could be adapted to both training and educational pro-
grams. It was further agreed that the curriculum would include policy issues
related to development projects. A timetable of nine months was estab-
lished to complete the following materials: (1) a syllabus and course outline
for a 15- or 16-week training program; (2) identification of selected readings
on each task of the integrated project cycle; (3) a portfolio of five or six
case studies of development projects to be researched and written in the
context of the integrated project cyle; (4) an annotated bibliography; and
(5) a Teacher’s Guide on the use of these case studies.

The project team reached a consensus on the prototype curriculum in
June 19772 at its next meeting at the East-West Center. At that time, it was
agreed to implement the curriculum for testing and refinement during the
1977-1978 academic year, provided that the East-West Center could pack-
age all the materials into a 16-week (six hours per day, five days per week)
curriculum and deliver it to the participating institutions by September
1977. It was also agreed to develop the curriculum and supporting materials
within the IPPMC framework. A final request called for additional case
studies of projects from four sectors: agriculture, public works, industry,
and social services. The management plan for the various activities within
this intensive effort is summarized in Table 2.1.
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TABLE 2.1. MANAGEMENT PLAN: INTERNATIONAL PROJECT TEAM

ACTIVITIES (1975-1983) FOR IPPMC.

ACTIVITY

LOCATION

TIME PERIOD

11.

12.

. Initial research planning

workshop

. Curriculum research and

development”

a. Interim workshop for
progress reports and
critiques

b. Travel to participating
countries by project direc-
tor (three trips per year)

. Exxon Education Foundation

Grant Proposal: To research
and write 30 case histories
of development projects

. Initiate case history com-

ponent of the curriculum

. Initial implementation/

prototype curriculum

. Case history research and

publication

a. Exxon grant approved
June 1978

b. Travel by project director
to meet with case writers
and officials responsible
for necessary permissions
(three trips per year)

. Comparative evaluation

of initial implementation/
prototype curriculum
workshop

. Exxon Grant International

Steering Committee meetings

. Thirty case histories com-

pleted and published
a. Five case books/
Pergamon Press (22 cases)
b. EWC Publications
(8 cases)

. Basic textbook on IPPMC

(published by Pergamon
Press; this replaces selected
readings in the prototype
curriculum)

Planning conference on man-
agement training for public
works projects?

Seminar for trainers of public
works project managers
(from eight countries)®

East-West Center (EWC)
Participating countries

EWC

Participating countries

EWC

Participating countries
Participating countries

Participating countries
and EWC

EWC

EWC

Manila

EWC
Pergamon Press

EWC

Pergamon Press

EWC

EWC

June 1975

July 1975-June 1977

September 1976

October 1975-March
1977

June 1977

July 1977
September 1977

September 1977-May
1982

August 1978

August 1978

May 1979

June 1979-October
1982

August 1978-June 1980

September 1982

February 28-March 11,
1983

“Project team agreed that the curriculum would consist of a detailed syllabus, drafts of the first five cases,
selected readings (1,000 pages), and a Teacher’s Guide on the Use of Case Histories.

5Not part of the original management plan.
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The syllabus for the prototype curriculum designed in the IPPMC con-
ceptual framework is shown in Appendix A. It reflects the results of the
initial testing in 1977-1978 (Tables 2.2, 2.3, and 2.4), as well as further
refinement resulting from a Training of Trainers Seminar in 1983.%° The
initial selected readings to be used with the curriculum resulted from an
intensive global literature search in 1976-1977. One thousand pages were
finally identified, representing 25 book chapters and/or journal articles
from 23 publishers throughout the world. Twenty copies of these readings
were reproduced and packaged in 1977 for initial testing purposes. Selected
references for these readings are shown for each phase of the IPPMC,*° In
addition, Goodman and Love packaged a case book containing drafts of
five cases researched and written in the IPPMC conceptual framework.!°

TABLE 2.2. COURSES IN PROJECT MANAGEMENT IN DIFFERENT COUNTRIES."

COUNTRY ACADEMIC COURSE TRAINING COURSE
New Zealand X X
Malaysia X
United States X
Philippines X X
Indonesia X X
Taiwan X
Iran X

“Courses offered at the institutions represented by the workshop participants.

TABLE 2.3. COMPARISON OF TRAINING COURSES OFFERED.

NEW ZEALAND MALAYSIA PHILIPPINES INDONESIA
Agency University Government University University
planning
Duration 12 weeks 8 weeks 7 weeks (2 weeks 32 weeks
in plant)
Number of 18 24 39 (15 in plant) 45

participants

TABLE 2.4. COMPARISON OF ACADEMIC COURSES OFFERED.

NEW ZEALAND UNITED STATES PHILIPPINES
Name of university Massey university University of University of the
Arizona Philippines
De La Salle
University
Type of university Public Public Public/private

Program/college MBA MPA/Ph.D MPA/ME/MBA
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The evaluation of the initial implementation of the curriculum* concluded
that the most important component is a series of IPPMC case histories cov-
ering projects from agricultural, industrial, public works, and social sec-
tors. It was also concluded that the case histories must come from a repre-
sentative cross section of socioeconomic settings.

Case study research has been used throughout the world for over 100
years in teaching law and medicine. It has also been successfully used for
about half a century in teaching business administration. The use of engi-
neering cases is reported to have originated at Stanford University in 1964.!!
More recently, schools of public affairs and administration have become
interested in developing cases for use in strengthening both administration
and program management capabilities in developing countries.'?

However, the IPPMC approach is innovative in that it represents the first
attempt to write a series of case histories based on a shared conceptualiza-
tion of the project cycle as an integrated process. Carefully documented
and readable cases covering the entire project cycle are proving extremely
useful in both training programs and formal education. Indeed, the use of
the IPPMC in researching and writing a case history of a project is analo-
gous to conducting an autopsy or postmortem of the project. More than
1000 abstracts of cases from the Harvard Graduate School of Business
Administration, the Philippine Case Clearing House, and the American So-
ciety for Engineering Education (ASEE) were examined by team members
in 1975-1977 and 1982 in arriving at this conclusion.

Business school cases utilize studies of actual business situations and deci-
sions faced by real corporations, large and small. The ASEE maintains an
Engineering Case Library (ECL) which included some 258 cases as of May
1985." For the most part, the cases deal with specific problem situations
such as ‘‘Failure of a Rotating Mirror’> (ECL 30),!! ‘“‘Development of a
Flowmeter’’ (ECL 33),!! ‘“Mechanical Hayhook Design (ECL 176),® and
“Difficulties with Modular Housing’’ (ECL 219).! These cases range from
6 to 100 pages in length, and some include Instructor’s Notes (usually 1-4
pages).

In 1980, the ASEE introduced a creative program, the Washington
Internship for Students of Engineering (WISE). This program is sponsored
by a number of engineering societies such as the American Society of Civil
Engineers (ASCE) and the American Society of Mechanical Engineers
(ASME), in addition to ASEE. The focus of the 10-15 WISE students each
year is the development of public policy-related engineering cases. As of
May 1985, two of these cases had been added to the engineering cases from
ASEE." These cases are ‘‘Double Alkali Flue Gas’’ (ECL 256) and ‘‘The
Magnetic Fusion Energy Engineering Act of 1980°” (ECL 258). ECL 256
examines the engineering, legal, and regulatory conflicts surrounding a util-
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ity company’s efforts to change the way it controls emissions. ECL 258
contains information and provides insights on how a major national re-
search effort is defined and managed.

The IPPMC framework allows the examination of a broad range of fac-
tors that contribute to a project’s success or failure. Each case examines
and analyzes the entire spectrum of a particular project, from inception
through completion, showing how the interrelationships (or lack thereof)
among policy makers, planners, designers, implementers, and managers
contributed to the success (or failure) of the project. The variety and range
of projects documented by the cases further ensure that where one case
focuses on technical factors or managerial policy, for example, other cases
will complement it with an emphasis in other areas.

The cases are a record of events and issues that actually have been faced
by managers: events interwoven with facts, opinions, prejudices, and data
upon which the manager’s decisions depended. They contain the experience
and influence of government officials, consultants, international assistance
officials, designers, contractors (especially in public works projects), and
project managers so that others can learn from these successes and mis-
takes. The projects presented vary in country, sector, form of management,
and funding.

The foregoing illustrates the need and potential for educating and train-
ing a more effective project manager. This effort requires a curriculum and
supporting materials that focus on unified control of all projects. The
IPPMC and related cases represent such an approach.

Thirty IPPMC cases have been researched and published as of this writ-
ing. Eash case is analogous to an autopsy or postmortem of a project in a
similar framework, which is essential to establishing a data base in a given
field such as public works.'

Seven of these cases were selected for executive summaries as a result of
a conference at the East-West Center in 1982 comprising senior scholars
and practitioners in public works. Appendix B contains six executive sum-
maries (the seventh concerns the Trans-Alaska Pipeline project, which is
covered in Chapter 8). Executive summaries provide brief coverage of a
project’s background, objectives, results, impact, and conclusions.

Abstracts of five ECL cases follow.

ABSTRACTS OF ECL CASES

1. ECL 175"
The Case of the Methodist Chapel Failure, P.F. Sanders, 1971.
Human errors caused the collapse of this beautiful $83,000 chapel.
These errors were made by the architect, engineer, general contractor,
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and subcontractor, all of whom suffered financial loss as a result.
Study of this case is especially appropriate for courses in civil engi-
neering structural analysis and design. An Instructor’s Note is avail-

able.
Total: 18 pages. Instructor’s Note: 3 pages.
2. ECL 219"

Difficulties with Modular Housing, G. Kardos, 1975.

This case deals with the problems of introducing an innovative form
of residential housing. The problems are both technical and mana-
gerial. The housing system discussed was conceived and developed as
a complete system which provides attractive housing, yet offers cost
advantages in production, transportation, and erection. But technical
competence is not enough. The principal problem becomes one of con-
vincing the various regulatory bodies that the innovative methods of
construction are as good as the more traditional methods.

(Parts A, B, C) Total: 30 pages. Instructor’s Note: 2 pages.

3. ECL 238"
The Sinking Floor, B. Dennehy, 1978.

Jim Smith felt that he had been chosen as the fall guy. As a soil
engineer, he had been consulted when Black & Associates had de-
signed a building for Universal Packaging. When the president of Uni-
versal Packaging noticed that the floor of his office was tilting and
sinking, Jim was called by Black & Associates to discuss the problem.
This case shows the background of the problem: Bill’s efforts to retain
the goodwill of his clients without admitting any liability and the even-
tual outcome. It consists of two parts. Part A states the situation,
gives the technical background, and lists several questions for discus-
sion. Part B covers Bill’s actions and the outcome.

Total: 11 pages.

4. ECL 256"

Double Alkali Flue Gas Desulfurization: The CIPS Experience,
Richard Myhre, 1984.

This case examines the engineering, legal, and regulatory conflicts
surrounding a utility company’s attempt to change the way it controls
emissions.

Total: 49 pages. Instructor’s Note: 6 pages.

5. ECL 2589
The Magnetic Fusion Energy Engineering of 1980, Anthony Flores,
1984.
An exploration of the key technical and political decisions affecting
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federal funding for the development of fusion technology. The role of
technical experts in the decision-making process is highlighted.
Total: 44 pages. Instructor’s Note: 4 pages.

ECL 256 and 258 are the first two engineering cases that have been
published as part of ASEE’s WISE program.

Chapter 5 contains a detailed checklist of questions in the IPPMC. Both
the instructor and the student will find it useful in developing a better un-
derstanding of the complex nature of a project’s life cycle. This chapter
also provides a supplementary set of guidelines for the instructor in prepar-
ing class assignments.

CONCLUSIONS

There is agreement among many project planners, designers, contractors,
and managers'* regarding the need to provide unified control of all projects
in all sectors in order to ensure both safety and cost effectiveness. This new
approach must start in the classroom because education and training are
basic to future philosophies, methodologies, and professional growth of the
various groups responsible for different aspects of projects from inception
through completion. The IPPMC provides a useful model for this necessary
integration and teamwork to improve policy making and the planning/
management process for future projects.

The IPPMC has been demonstrated to be a powerful tool for unified
project control. However, it is embryonic, and there is need for data banks
of case histories of public works projects to provide the necessary scientific
and engineering data to strengthen project planning and management capa-
bilities. This situation is true of all sectors, but it is especially crucial in
hazardous waste disposal systems because of its direct impact on public
health." IPPMC cases must include more attention to the problems of proj-
ect feasibility and evaluation. These needs are reinforced by the intensive
worldwide literature search noted earlier in the chapter. The literature is
filled with reference materials on project implementation.®!6"!* Unfortu-
nately, there is a paucity of reference materials in project planning for engi-
neering projects (including feasibility studies) and project evaluation.

As noted earlier, this book places heavy emphasis on project feasibility,
project evaluation, and the use of IPPMC cases. Regarding the last factor,
there is urgent need for case histories of public works projects, especially
in areas of hazardous waste disposal and water supply systems. There are
259 engineering cases which were produced over a 21-year period (1964-
1985). These are useful for classroom exercises on specific problems such
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as a sinking floor or a contaminated water supply. The great need is for
more comprehensive cases that conduct autopsies or postmortems of proj-
ects in a conceptual framework developed from the integrated project cycle.
Chapter 5 covers this methodology for researching and writing IPPMC case
histories.
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CHAPTER 3

Feasibility Analysis and Appraisal of Projects

Figure 1.1 shows the formulation of a project is the second task in the plan-
ning process and involves the articulation of objectives or goals and out-
puts. It must also provide an estimate of the various resources required to
achieve the objectives. This makes it possible to develop a preliminary de-
sign as the basis for conducting feasibility studies to determine if the project
can be implemented according to the standards and criteria set forth in the
preliminary design. Appraisal consists of an evaluation of all of the feasibil-
ity studies to determine the ability of the project to succeed. Thus, feasibil-
ity analysis and appraisal form the critical juncture in the integrated project
cycle.

FEASIBILITY ANALYSIS

The major portion of this chapter presents a step-by-step approach to the
preparation of project feasibility studies. A complete feasibility analysis of
a project must cover six important study areas: (1) technical, including man-
power and technological requirements; (2) economic justification, such as
the costs and benefits; (3) administrative/managerial, including external
linkages and internal organization; (4) environmental, including present
baseline data and the impact of those data; (5) social/political, including
demographic data and social needs; and (6) financial for funding needs and
sources. Each of these six studies should answer five interrelated questions:

¢ Js the proposed project responsive to urgent present or anticipated so-
cial and economic needs?

e Will the project as planned adequately serve or fulfill the intended pur-
pose without harming the environment?

e Will the benefits of the project to both society and the economy be
justified by the costs?

e Should various technical alternatives be studied to optimize or maxi-

mize the cost effectiveness of the project without sacrificing its quality
or function?

26
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e Do the feasibility studies provide sufficient baseline criteria and meas-
ures to establish a checklist for subsequent project implementation and
evaluation?

Well-prepared feasibility studies and analyses examine and question every
aspect of the preliminary design within the actual project environment.
They determine whether a project can be satisfactorily carried out with the
financial, technical, human, material, and organizational resources avail-
able. Thus, together with design, feasibility and appraisal function as the
interface between conception and reality. They link the planning set of proj-
ect tasks—identification, formulation, and preliminary design—with the
action-oriented set of tasks—selection and approval, activation, implemen-
tation, handover, and evaluation.

In providing this link, feasibility and appraisal serve several other crucial
functions. First, by examining project goals and by questioning all assump-
tions, they provide a framework within which to reformulate the prelimi-
nary design into its most appropriate form. Second, feasibility and ap-
praisal help guide the implementation of the project. Not only do they point
out potential trouble spots, they discuss the use of possible contingency
plans. Finally, a complete feasibility study includes criteria and baseline
measures to evaluate the project, providing the framework both for moni-
toring the project during implementation and for evaluating its overall suc-
cess and completion.

In the field of project management, the bulk of the literature on feasibil-
ity and appraisal deals almost exclusively with economic analysis (including
market studies, which are not always applicable to development projects)
and technical studies, with particular emphasis on engineering criteria. In
practice, however, feasibility analysis and appraisal incorporate a much
wider range of factors—including such areas as management and personnel
considerations, environmental impact, and sociopolitical repercussions—
together with their often complex and overlapping relationships.

Although feasibility studies have been divided for convenience here into
six major types, it is important to remember that these categories are inter-
dependent and, in the case of closely related areas, often present the same
information within different analytical frameworks. After these feasibility
reports are completed, the appraisal must provide the generalist overview
that interprets and reconciles the specific analyses undertaken in each of
these areas. The sequence in which these studies are examined here, how-
ever, does not necessarily reflect the real-life situation; often such reports
are conducted simultaneously, unless (as in the case of technical studies that
provide vital information for economic analyses) the data provided by one
study are needed before the second study can begin.
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Table 3.1 outlines the major areas of concern covered by the six types of
feasibility studies, showing in matrix form significant factors that each
study should undertake in projects drawn from the agricultural, industrial,
public works and social sectors. Within this matrix, the general terms of
each feasibility study listed are translated in each project into specific ques-
tions that the study must ask and answer. Not all projects, it should be
noted, require all aspects of the six types of feasibility analysis; a public
works project, for example, does not always need a marketing program. A
survey of Table 3.1, moreover, shows that particular issues within these
general guidelines are determined by the nature of individual projects.

With the broad guidelines of Table 3.1 as a starting point, and bearing
in mind the difference between an ideal model and reality, the six types of
feasibility studies can be examined separately in greater detail.

Technical Feasibility

Technical feasibility studies remain the foundation of all other feasibility
reports. A careful and thorough investigation of the technical and physical
parameters is essential for an accurate assessment of a project’s capabilities.
This is especially true of projects in developing countries, where a common
error of foreign consultants brought in at the planning stage of a project is
to lay down technical specifications that cannot be met by the country’s
own resources. Projects in developed countries, it should be noted, flounder
just as readily when technical feasibility has not been adequately deter-
mined.

Leading directly from the specifications of the preliminary design, a tech-
nical study establishes further design criteria, conducts engineering studies
to determine the physical and technological alternatives to meet budgetary
and sociopolitical requirements, outlines the form that activation and im-
plementation will take, and estimates the scheduling of project inputs and
outputs to satisfy both immediate and long-term development goals. As the
foundation of the project, this technical analysis must therefore anticipate
the broader problems to be considered in the economic feasibility study by
addressing three interrelated questions:

1. Is there an adequate choice of available technologies for alternative
design purposes, considering the physical layout, engineering design,
and availability of raw materials?

2. What are the costs of constructing and operating project facilities (and
services), including machinery, equipment, and spare parts?

3. What are the manpower requirements, from professional to labor, and
are they locally available?



FEASIBILITY ANALYSIS AND APPRAISAL OF PROJECTS 29

TABLE 3.1. FEASIBILITY STUDY CHECKLIST.

STUDY AREA

INFORMATION NEEDED

1. Technical

2. Economic

3. Administrative/managerial

. Site data

Geology

Soil conditions
Drainage characteristics
Climatic conditions
Water supply

Waste disposal

Power

Transportation

. Choice of available technologies

® Equipment and machinery
® Manufacturing process
® Spare parts

. Design

® Layout
* Engineering requirements
e Construction materials (local versus imported)

. Manpower

e Professional
e Technical
e Labor

. Demand

e Domestic
¢ Export

. Supply

* Domestic
* Import

. Marketing program
d. Employment impact
. Raw material needs

* Domestic
* Import

f. Costs and benefits
. Internal organization

e Structure
¢ Authority
® Lines of communication
e Flexibility

. External linkages

e Government support
* Government regulations
¢ Funding (appropriations)

. Personnel

e Needs/capabilities

e Position descriptions
e Local versus foreign
e Policies

(Continued)
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TABLE 3.1. (continued)

STUDY AREA INFORMATION NEEDED

d. Management
e Management of the project
¢ Control techniques
® Scheduling techniques
4. Environmental a. Physical/chemical
® Water
e Land
* Air
® Noise
b. Ecological
® Species and population
® Habitats and communities
e Ecosystems
c. Aesthetic
Land
Air
Water
Biota
Man-made objects
Overall composition
d. Social
¢ Individual well-being
® Social interactions
¢ Community well-being
5. Social/political a. Social impact
e Culture and lifestyle
¢ Demography
b. Political impact
* Equity
® Social justice
¢ Political organization
c. Community resistance
d. Institutional resistance
® Legal constraints
e Stability of political support
6. Financial a. Project design and implementation
b. Cash flow studies, profitability
e External
* Domestic
c. Source of funding
d. Adequacy of funds

The responses to these questions will vary according to the sector, as noted
in Table 3.1.

Besides its primary task of blueprinting the manpower needs, resources,
and design, the technical study must provide design alternatives, a choice
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of available technologies, and cost estimates for each alternative. In a water
improvement project in Thailand,' for example, pumps can be selected
from a wide array of equipment, with the availability of spare parts for the
pumps in Thailand itself being an important consideration. The results of
the technical analysis are also the basis for cost estimates and implementa-
tion schedules, necessary inputs for both economic and financial feasibility
analysis.

Technical investigators compiling a project feasibility report must fully
understand the concept of alternative ways of solving potential problems.
Technical solutions may differ in their (1) technical or production process,
(2) size or scale, (3) location, and (4) timing. Because these factors are inter-
dependent, a sound knowledge of their relationships is necessary to ensure
consistency in the analysis; a labor-intensive production process, for exam-
ple, is appropriate only for a certain scale of production. The degree to
which these factors are interdependent, moreover, depends on the type of
project.

The importance of this aspect of feasibility analysis can be demonstrated
by a closer look at specific factors to be considered in, for example, infra-
structure projects, where technical considerations are critical. What techni-
cal feasibility factors, for example, might be relevant to transportation
projects? Projects for the construction of roads or bridges would have to
consider such factors as need (including the project’s relationships to the
existing transport network); location; nature of subsurface conditions;
alignment; width (traffic capacity, present and future); drainage, earthwork
(cuts and fills, including selection and availability of both local materials
and equipment); pavement selection, design, and construction; and the
costs and benefits to the user, which will also be analyzed in the economic
feasibility study.

Suppose, however, that the project is a waterworks project for domestic
consumption. In this case, feasibility experts might examine the relative
benefits of two types of water storage: earth dams and deep wells. Deter-
mining the feasibility of an earth dam would require analysis of such factors
as demand or capacity; dam location (including quality of the water, stream
flow and other pertinent hydrologic data, rainfall and runoff, and water
losses through seepage and evaporation); availability of local materials for
construction; foundation selection, design, and construction; reservoir de-
sign and construction; and purification system. Factors determining the
feasibility of a deep well, on the other hand, would likewise include de-
mand, location, pumping system/equipment, and purification system.

As the foregoing demonstrates, the detailed data generated by the techni-
cal feasibility study will almost always result in modification of preliminary
design specifications, a process that will continue throughout the project’s
lifetime. The technical feasibility study, however, provides the first system-
atic investigation of project design viability.
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Economic Study

An economic study examines a proposed project in terms of its net contri-
bution to the economy and to society. The study should address three inter-
related questions:

1. Is the project responsive to an urgent present or anticipated economic
or social need?

2. Will the project’s planned economic outputs adequately serve the in-
tended purpose?

3. Will the services proposed to be performed by the project, and will
the benefits produced by the project justify its cost?

The response to these questions requires a detailed study of all of the
economic implications of the project, such as the demand for and supply
of all project outputs; the project’s ability to increase employment with
““multiplier’’ effects on increased purchases of goods and services; its effect
on increasing public sector revenue (such as through income tax, property
tax, sales tax, and so forth); and its use of locally available resources. Upon
completion of these studies, it is possible to assess the project’s net contri-
bution to the economic and social welfare of the community (town, city,
state, national). This is done through a comparison of the economic and
social benefits expected to be generated from the project with the costs of
its construction and operation. If the benefits exceed the costs, the project
is considered economically feasible.

There are various techniques for assessing economic feasibility, depend-
ing upon the sector (private or public) and the nature of the project. In
general, a profitability analysis is conducted. For commercial projects this
is referred to as ‘‘commercial profitability’’ and for government or public
works as ‘‘social profitability.”” This discussion will focus on the latter, or
the project’s contribution to the economy, and therefore society. An exam-
ple of benefit-cost analysis will be given from a case in India.

To obtain a comprehensive assessment of social profitability, a benefit-
cost analysis is normally made. An in-depth benefit-cost analysis must in-
clude a complete study of all costs and benefits of the project. The study
should be made for each technical alternative. It is important that the listed
costs and benefits be valid and quantifiable.

There are various indicators of social cost-benefit or profitability analy-
sis. The three most commonly used are (1) benefit-cost ratio (B/C), (2) net
present value (NPV), and (3) internal rate of return (IRR).>? These three
techniques take into account the relative timing of cost and revenue (bene-
fit) flows by translating future values into their present worth by applying
discount factors that reflect the diminishing value of a given amount of
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money in the future.* The use of discount factors is illustrated in each of
the three most commonly used indicators of social profitability. For exam-
ple, the benefit-cost ratio (B/C) is the ratio of the present value of gross
benefits to the present value of gross costs.

In equation form, the B/C ratio is expressed as follows:

n
b

B t = 1 t

B_t=0d+0 (Eq. 3.1)

C n
z ¢

t=0 (1 +nt
where
b, = benefits in time ¢

¢, = costs in time ¢

discount rate

= discounting period (usually the estimated life of the project in
years)

S N
Il

The rate of the discount is critical because it reduces future costs and
benefits sequentially in an annual time series. Thus, if a 10 percent discount
rate is used, then one year from now $100 in project benefits will be reduced
to $90. Two years from now, $100 in benefits will be reduced by the $10 lost
during the first year plus an additional 10 percent lost during the second year.
This means that two years from now $100 in project benefits will be valued at
only $81. The discount rate thus drastically reduces a project’s social profit-
ability. Moreover, the higher the discount rate, the greater the magnitude of
the reduction.

It is readily apparent that the formula for discounting is derived from
the formula for compounding any amount of investment. To illustrate, the
formula for compounding is:

Py = Py(1 + 1) (Eq. 3.2)
where

P, = the value of the investment at year zero

the value of P, at some future year, n

interest rate

n = number of years between year zero and year N, i.e., the com-
pounding period

N
o
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and the formula for discounting is:

1

Ry =R, ———
N a+rn

(Eq. 3.3)

where

R, = expected revenue at year n

R, = present value of R,

discount rate

= number of years between year zero and year N, i.e., the dis-
counting period

S N
(i

The preceding discussion shows how the techniques of benefit-cost analy-
sis provide a clear and convenient presentation of a project’s contribution
to the economy, and therefore the society. The value of this decision tool
is highly dependent upon a comprehensive understanding of all of the costs
of the project, which must be estimated from the preliminary design, and
all of the anticipated benefits. The importance of valid and quantifiable
measurements of costs and benefits cannot be overstated. This includes the
rate of discount selection and the estimated project life. In developing coun-
tries, economic feasibility studies must consider the possibility of drastic
changes in cost data because of uncertainties in the price of foreign ex-
change, wages and salaries, the discount rate, and the timing of implemen-
tation. In fact, the timing of implementation can have drastic impact on
the cost of construction in developed countries as well.

An interesting illustration of social cost-benefit or profitability analyses is
the case study of the Ratnigiri Fisheries project in India.’ The Maharashtra
government wishes to promote the well-being of the people in the Ratnigiri
District by:

Building 30 fishing trawlers and financing their sale.

Building a freezing plant to package the catch of shrimp and fish.
Constructing an ice plant.

Constructing a service station for the trawlers.

o

The Ratnigiri District Fisheries Federation is to be the implementing group.
It will be responsible for selling the trawlers to local fishermen and for oper-
ating the plants and the service station. Operations based on the project are
expected to continue for 22 years, with 1970 as the base year.

To prepare the analysis, the first step is to estimate the project costs for
each of its 22 years. These estimates must include all capital costs, such as
the price of trawlers, freezers, and plant construction; they must also in-
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clude all operating costs, such as wages and salaries, taxes, and loan repay-
ments.

The next step is to estimate the benefits generated by the project. In this
case, the benefits include revenue from the sale of frozen fish and shrimp,
money earned from the sale of ice, and, in the final years, money from the
sale of scrap machinery. The costs and benefits are then listed year by year.
Table 3.2 illustrates the costs and benefits for 5 of the project’s 22 years.

Columns 1 and 2 reflect the costs and benefits to the project sponsor, not
the project’s actual contribution to society. To determine the contribution
to society, changes must be made in calculating the costs and benefits. First,
in determining the costs, only those payments that reflect the actual use of
a societal resource must be charged against the project. Those payments
which simply represent the transfer of control over resources from one seg-
ment of society to another should be deducted. These economic transfers
include project costs such as taxes, loan repayments, and interest payments
on loans.

Second, since the project contributes to society in addition to earning a
profit, this contribution should be added to the calculation of benefits. In
this respect, the project will contribute to society by (1) promoting India’s
self-sufficiency through the import earning of foreign exchange and (2) pro-
moting development by employing unskilled workers in the Ratnigiri Dis-
trict. To reflect these social contributions, the project’s net earnings of for-
eign exchange and its wage payments to unskilled laborers must be weighed
more heavily than their actual market value. In economic terms, this would
signify the project’s contribution to society.

In this case, foreign exchange is valued 40 percent more highly than the
official market price. This percentage reflects the scarcity of foreign ex-
change in India, as well as its value in promoting self-sufficiency. The proj-
ect’s wages to unskilled workers are valued 20 percent more highly than

TABLE 3.2. A PARTIAL LIST OF PROJECT COSTS AND BENEFITS.
(In Thousands of Rupees)

TO PROJECT SPONSORS TO SOCIETY
FOR YEAR BENEFITS COSTS BENEFITS COSTS
1 289 2,273 289 1,742
5 2,388 3,105 3,051 1,503
10 2,585 2,862 3,327 1,503
15 2,470 2,544 3,182 1,479
22 1,464 818 1,678 536
Total all years” 47,258 58,972 59,601 36,340

“Includes totals from all 22 years.
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their actual price. This percentage weighs the project’s contribution to the
national development goal of employing low-status groups. It must be
noted that wages are counted as project costs. Therefore, in charging costs
to the project, the wages payed to unskilled laborers are reduced by 20
percent. Table 3.2 demonstrates how the stream of costs and benefits is
altered by evaluating the project’s contribution to society.

As noted earlier in the chapter, it is necessary to express future costs and
benefits in terms of their present worth (1970 in this case). Table 3.3 demon-
strates what happens to the Ratnigiri project’s costs and benefits when dis-
counted at 0 percent, 10 percent, and 30 percent.

Needless to say, an appropriate rate of discount must be chosen to make
the NPV meaningful. In this instance, the discount rate is 10 percent; it
was chosen because it reflected the Indian level of consumption, population
growth, time preference for consumption, and several other variables.
From Table 3.3, the B/C is 20,979,000/15,277,000 = 1.37, showing a con-
tribution to society. As this example demonstrated, however, there are lim-
its to cost-benefit analysis.®® First, only those project impacts that can be
quantified in economic terms can be incorporated into the analysis. Thus,
social projects, which may produce benefits such as teaching a village how
to organize or instilling in the villagers a sense of pride and self-worth,
cannot be adequately assessed by using cost-benefit analyses. Second, the
definition of certain benefits must be conceived very narrowly. For exam-
ple, in this case, self-sufficiency was defined as earning foreign exchange,
and this is an extremely narrow definition. Finally, in determining weights
by which to value a project’s contribution to society or in determining the
social rate of discount, there is too much room for discretion and arbitrari-
ness. Given this flexibility, a cost-benefit analysis can be manipulated to
show a social profit.

TABLE 3.3. RATNIGIRI PROJECT: DISCOUNTED PROJECT COSTS AND BENEFITS.
(Thousands of Rupees)

DISCOUNTED 0% DISCOUNTED 10% DISCOUNTED 30%
FOR YEAR COSTS BENEFITS COSTS BENEFITS COSTS BENEFITS
1 1,716 406 1,583 263 1,340 222
5 1,399 2,798 933 1,895 404 820
10 1,399 2,798 579 1,281 108 239
15 1,399 2,798 353 760 28 60
22 515 1,477 66 206 2 5
Total all years® 34,179 54,642 15,277 20,979 6,673 6,661

7Includes totals from all 22 years.
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Put in perspective, then, cost-benefit analysis allows one to compare
competing projects and alternative approaches to the same project. In all
countries, this analysis should attempt to quantify the multiplier effects
noted earlier. With increased employment, there will be increased purchas-
ing power for goods and services, and thus increased benefits. Then, as
experienced in the Ratnigiri case, there are intangible benefits and costs that
should be considered in the analysis. These benefits may include education,
training, recreation, and reduction of accidents, in addition to those dis-
cussed in the previous paragraph. On the cost side, one should consider air
pollution, water pollution, soil erosion (loss of fertile soil), and other proj-
ect outputs detrimental to the environment. The treatment of intangibles
should result in a concise description as a minimum, and, if possible, should
include some quantitative indicators.

A checklist of costs and benefits should be prepared for each technical
alternative developed in the preliminary design. Following is such a check-
list for a proposed highway.

Direct Costs

1. Inventory of present road conditions
a) Geometric features
b) Condition of bridges
¢) Condition of pavement
d) Condition of drainage
2. Preliminary design*
a) Geometric features
b) Nature of subsoil conditions
¢) Earthwork (cut and fill)
d) Drainage requirements
¢) Bridge and pavement loads
f) Availability of local resources (people and materials)
3. Construction (unit cost of each item)t
a) Materials
b) Equipment
¢) Quality control
4. Maintenance

*For each alternative route, including design standards (and timing of implementation).
tFor each alternative route, including design standards (and timing of implementation).
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Direct Benefits (for Each Technical Alternative)

1. Savings in transport costs
a) People
b) Goods
¢) Vehicle operation
2 Stimulation of new economic growth
a) New industries
b) New housing and shopping facilities
3. Reductions in accidents
4. Other tangible and intangible benefits, quantified to the extent pos-
sible

Economic Feasibility

1. Summary of the economic benefits and costs of the project

2. The extent to which savings are passed on to shippers or users, and
the effect on transport tariff levels

3. Economic feasibility calculations using accepted indicators, such as
NPV, B/C, and IRR

4. Optimum timing of the project

5. Sensitivity analysis, considering the influence on feasibility results of
variations in construction costs, traffic forecasts, vehicle operating
costs, discount rate, and other critical parameters

6. Conclusions as to the economic feasibility of the project

Administrative/Managerial Study

The administrative/managerial study evaluates the strategy of the imple-
menting agency in carrying out project activities. Although the analysis is
intended to assess the feasibility of this strategy, it should concentrate on
providing information and guidelines that can be used to improve overall
project administration. Since the effectiveness of the management plan de-
pends upon experience and practice in applying management techniques, it
is desirable to include a project manager in the investigating team. The
study examines four separate components: external linkages, internal or-
ganization, personnel, and management plan.®

External linkages refer to the structure of government and private organi-
zations which directly or indirectly condition the project’s environment.
These include the administrative funding agency, the regulating agency, and
the numerous advisory organizations that provide political, technical, and
other types of support. Although the feasibility analysis can suggest little
to alter the institutional relationships of the project, it should be able to
determine the kinds of barriers and supports that the project will encounter.



FEASIBILITY ANALYSIS AND APPRAISAL OF PROJECTS 39

Especially vital is information on whether the implementing agencies are
capable of providing adequate support, particularly for large, complex
projects. With this knowledge, project planners can prepare for contingen-
cies and cultivate appropriate linkages to mediate possible adverse impacts
of the institutional environment. One decision about the project’s environ-
ment that will deeply affect the organizational course of the project is the
choice (if available) between increasing the ability of existing institutions to
implement the project or creating a new organization.

Internal organization is the actual organization of the implementing unit.
While all kinds of possibilities exist, ranging from matrix to hierarchical,
the study should determine whether the proposed organization can imple-
ment the project satisfactorily. Some relevant questions to be asked about
the proposed organization are: Is it comprehensive enough? Is it appropri-
ate for carrying out project goals? Is it flexible enough? Is internal commu-
nication well established and are lines of authority clearly defined?'® Al-
though the most appropriate type of internal organization depends upon the
project’s goals and requirements, in general a project requiring individual
initiative, flexibility, and accountability should be organized in matrix fash-
ion. A project requiring a high degree of coordination, authority, and
supervision should be organized in more hierarchical fashion. Thus, the
feasibility study should discriminate between the advantages and disadvan-
tages of each in evaluating the project organization needed to accomplish
the objectives.

Management is the specified management plan of the project. Basic ques-
tions to be asked include: Are schedules and networks sufficiently worked
out? What are the control techniques and the methods of supervision? Is
the entire management plan integrated so that the project manager can con-
trol all aspects of the project? Is the management of the project formulated
well enough to ensure that the project will be well coordinated and con-
trolled? Does the plan provide for contingencies? A key issue here is
whether the plans are realistic, given the actual project environment. For
example, procurement of certain equipment often requires a long lead time
in many countries. If adequate lead time is not scheduled, it can cripple the
manager’s ability to coordinate activities.

Personnel is perhaps the key issue in administrative feasibility. Without
competent and appropriate personnel, a project has a difficult time in suc-
ceeding. The analysis of the proposed personnel plans should evaluate sev-
eral key items. First, it should ensure that the job descriptions and qualifica-
tions are appropriate and that they are written out completely. Next, it
should examine whether or not the necessary personnel are available. Then
the impact on every area of a project made by the choice of foreign or local
personnel—not only in activation and implementation but also in prelimi-
nary design, technical analysis, and general consulting—should be exam-
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ined. Finally, the analysis should question whether there is adequate provi-
sion for hiring expert consultants in crisis situations.

The four components of administrative feasibility—external linkages, in-
ternal organization, management, and personnel—are often referred to col-
lectively as ‘‘operational feasibility.”’!! In this sense, operational feasibility
focuses on the point when the project has been approved and is ready for
activation and implementation. This study must therefore include such fac-
tors as whether or not project implementation will generate the expected
budgets. The project’s operational feasibility will depend on how well it
meets estimates in terms of (1) political acceptability and/or legality of the
activities; (2) organization or administrative structure and management as-
pects; and (3) availability of resources and operating costs.

These considerations must also be dealt with, in varying degrees, by the
financial and social/political feasibility studies, demonstrating the overlap-
ping boundaries of all of these analyses. In the operational feasibility re-
port, however, the emphasis is usually on organization and management.
The soundness of a project is often determined by the thoroughness of its
management and organization planning. With competent management, a
project may be successful even when there are inadequacies in the original .
concept. But it is doubtful whether any project, however well conceived,
can overcome the handicap of poor management. Equally, it is difficult for
managers, no matter how competent and experienced, to succeed without
the necessary personnel, equipment, materials, and other resources required
for effective operation and maintenance.

In sum, major areas that must be explored in the operational feasibility
study are:

1. The political acceptability and legality of project operation.

2. The organization that will manage the project and supervise its oper-
ations; to be accompanied by organization charts, initial and pro-
jected, together with the staffing pattern and functional statements of
the organizational units.

3. Experience records of available key management and technical per-
sonnel.

4. Number, qualifications, and availability of required operating em-
ployees.

5. Plans for recruiting and training required personnel.

6. Projections for competent management and maintenance throughout
the project’s life.

7. Availability of necessary supplies, materials, equipment, and so on.

Examined in turn, these areas add up to a comprehensive picture of the
organizational capacities and limitations of a proposed project, a perspec-
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tive that is vital to both project planners and policy makers. The signifi-
cance of this perspective is demonstrated in the Trans-Alaska Pipeline proj-
ect, where poor management supervision and coordination, inadequate
geotechnical planning, inadequate inventory and cost control systems, and
poor project policies were responsible for at least $1.5 billion in wastage.!?

Environmental Feasibility

The environmental feasibility studies address two separate questions:

1. Is the environment suitable for the success of the project?
2. What will be the project’s impact on the environment?

In determining environmental suitability, the feasibility study must ask
whether or not a given environment can support a given project. The envi-
ronmental analysis of an agricultural project, for example, must raise and
answer such questions as: Is the soil quality appropriate for the proposed
crops? Is there sufficient water? Is there adequate drainage? Is there ade-
quate sunlight? Is the climate right?

Industrial and infrastructure projects pose other questions, some of
which were raised earlier in the context of technical feasibility in site and
location studies. In this context, there is a natural overlap between technical
and environmental analyses; and, where appropriate, the studies should be
combined. A separate environmental study, however, adds an extra dimen-
sion to the technical study by ensuring that the technical analysis includes
two important considerations: (1) the project’s present environmental needs
and (2) its long-term environmental needs. Environmental suitability in-
volves determining whether or not the ecosystem of a region can support a
project over the long term. And this introduces the concept of resource
management for the project.

The practical importance of examining long-term as well as short-term
environmental needs can be illustrated by a fairly common example of proj-
ect shortsightedness. Suppose a pulp and paper plant is built in a heavily
forested area of a country. The project planners know that the forests have
a projected life expectancy of 20 years but do not take into account what
might happen to the pulp and paper plant after that time. Within several
years, with vast tracts of the forest severely depleted, it becomes evident
that the environment’s long-term ability to support the plant has not been
considered, with the result that the plant will face a shutdown in the near
future, with a corresponding waste of manpower and material resources.

Although such obvious factors that concern the environment’s impact on
the project are usually taken into account, with the project’s environmental
needs studied and systematically examined either in feasibility studies or in
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the project design, the reverse is not always true, which leads us to our
second main consideration. Environmental studies must also ensure that
systematic assessment is made of the project’s impact on the environment,
for, as the previous example demonstrates, this is clearly a two-way street.
The studies must therefore examine a project’s likely effect upon soil ero-
sion, water supplies, wildlife, and plants.”* They must also examine the
project’s potential to deplete nonrenewable resources, to create adverse mi-
croclimatic changes, and to pollute the water, air, or land.

Several methods can be used to assess these environmental impacts. Map-
ping, computer simulation, social B/C analysis, various scoring techniques,
and matrix methods all provide systematic evaluation.'* The choice of the
best method in each case, however, depends upon the data available, the
type of project, and the level of analysis desired. All of these studies begin
by collecting baseline data on the environment. With these data, the proj-
ect’s environmental impact can be analyzed in a systematic and comprehen-
sive manner, and its impact can be projected.

Probably the most practical and straightforward of these methods is the
matrix, which is used in Table 3.1 to illustrate the major concerns of an
environmental study.

The Environmental Protection Agency (EPA) has published guidelines
for environmental assessment for a number of industrial projects.!®* These
guidelines complement Table 3.1 and are outlined in Figure 3.1. The EPA
has also set forth the feasibility studies and analyses required for a variety
of projects ranging from a complex refinery to a relatively straightforward
water storage reservoir. Figure 3.2 illustrates the procedures involved.

The impact of a project is determined by examination of all of its at-
mospheric, aquatic, and terrestrial wastes. Compliance with governmental
regulations must be shown. All pollution control techniques and devices
must be reviewed, as must applicable process modifications. Water and
waste recycling is encouraged, and such processes should be described. New
technology should be employed when feasible, with an explanation when
necessary.

The impact identification must show the relationship between each proc-
ess waste stream and governmental regulations. Table 3.4 is an example of
the type of information required. Any doubts concerning a waste stream’s
content, quantity, and concentration must be stated. All social and eco-
nomic factors which can become environmental impact sources must be
assessed.

The most important task in the environmental impact statement (EIS),
however, remains the collection of the baseline data. This includes lists of
the types and numbers of plants and animals (see Table 3.1) and a macro-
analysis of the total ecologic system. Periodic checks of the baseline data
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Impact Identification by Project Requirement
and Operation

Process operation

Raw Material
Transportation requirements
Site requirements

Impact Evaluation and Description

Significance
Magnitude
Cumulative effects
Directness
Long-term effects
Short-term effects
Reversibility

Impact Aggregation
Determining Net Impacts on Environmental Categories

Meteorology and climatology
Air quality

Topography

Geology

Soils

Hydrology

Biology

Etc.

Effects of Proposed Project
on 10-15 Year No-project
Baseline Forecast

Figure 3.1. Environmental impact assessment outline.'”

can be made as the project progresses; these checks will monitor the actual
impact of the project upon the environment.

EISs are costly (for example, those for the Trans-Alaska Pipeline totaled
$9 million), and their findings in certain industrialized nations have delayed
or even halted projects. Developed nations can generally afford to make
choices which safeguard the environment; developing nations may have
harder decisions to make. Regardless of the decisions that confront each
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IMPACT ST e
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Figure 3.2. Environmental impact identification procedures. '

municipality (or state or country), however, an EIS informs policy makers
of the environmental consequences of their decisions. With this informa-
tion, a project can be planned to meet the critical needs of economic and
social growth and, at the same time, to include adjustments to ensure future
resource needs.

Social/Political Study

A social/political study is seldom undertaken when project feasibility stud-
ies are being conducted. Even when one is made, it is infrequently given
adequate weight in assessing the project. Yet social and political factors can
often be the primary reason a project fails to achieve its ultimate objectives.
This is particularly true of projects in the social sector, where success cannot
be measured in economic or directly quantifiable terms.
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The social/political study attempts to answer four basic questions:

1. What is the project’s likely social impact?

2. What is the project’s likely political impact?

3. What social factors in the project’s environment will hinder or aid the
project in achieving its goals?

4. What political factors in the project’s environment will hinder or aid
the project in achieving its goals?

The first step in conducting the social/political study is to collect baseline
economic and sociological data on the community for which the project is
intended. These data are intended to provide a general profile of the area’s
residents and should include demographic information such as population
level and distribution, employment pattern, level and distribution of in-
come, education, and housing and health situations. Also vital to the analy-
sis is information about the social fabric of the area. This information in-
cludes the degree of community solidarity and integration, the lifestyle of
the residents, important customs, and the residents’ recreational habits,
values, and family structure.

Then the political structure must be detailed. Focusing on the decision-
making process, this section of the analysis describes the area’s political
relationship to regional and national governments and assesses its political
autonomy. It also describes the area’s informal and formal political organi-
zations and specifies the local ordinances, zoning requirements, and statutes
that will affect the project. Finally, information must be gathered on the
opinions and attitudes of residents and leaders toward the project. Particu-
larly important is the residents’ opinion about how the project will affect
the area, how it can be improved, and how it can be made acceptable.'®
While this aspect of the study is intended for future planning, it is also used
to provide avenues for local participation in planning the project. Thus, the
ideal technique to use is the open community meeting. Often, however, such
meetings are not practical, and other less direct techniques, such as ques-
tionnaires, interviews, panel discussions, and expert judgments, must be
used to obtain community input.

Once the basic data are collected, they must be synthesized in a report
which systematically describes the total political and social environment.
This is the point where most social/political analyses end, but it is actually
just where the study should begin. Still to be examined are how the project
will affect the area, socially and politically, and how the area’s social and
political reality will affect the project.

Although various methods, such as scoring techniques, social assessment,
social accounting, and ecologic analysis, are used to address these ques-
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tions, no broadly accepted framework exists.'” Each has limitations, partic-
ularly in its reduction of sensitive social and political factors to quantitative
indicators. Moreover, any framework imposes the limitations set by the
questions it is designed to answer. Thus, in conducting the analysis, it is
wise to deemphasize the use of a specific framework and instead to pose
questions about the project which are sensitive to the social and political
concerns of the area. This emphasis puts extreme importance on the individ-
uals who are to prepare the study. Ideally, they should be very familiar with
the social, cultural, and political aspects of the area. In many instances,
residents qualified to conduct the study are the ideal choice.

Let us amplify this discussion by turning to a specific example: a Pacific
island livestock project.'® Most appropriately, the investigators selected to
conduct the study were local residents with experience in livestock manage-
ment and production. First, they comprehensively outlined the social and
political setting of the area. Once this task was completed, they examined
the setting in relationship to the project and noted that two social/political
factors were relevant to project plans. First, the land tenure system was
traditional, meaning that the land was collectively owned by entire villages.
Second, there were no local residents trained in livestock production. In
analyzing the first factor, they noted that the project might be hindered
because an entire village must collectively agree to let its land be used for
cattle raising; they recommended that the project employ someone familiar
with appropriate ways of negotiating. The lack of indigenous skilled man-
power meant that the project would have to rely heavily on foreign person-
nel and foreign techniques. Since these techniques might be inappropriate
to the Pacific, it was recommended that the project either establish a local
training program or operate first as a pilot experiment. Finally, in conclud-
ing the study, the investigators noted that the traditional lifestyle and auton-
omy of the villages would be disrupted by the building of roads to transport
the beef, the operation of processing facilities, and the intrusion upon the
tenure system. Thus, in opening the area and making it more accessible, the
project would strain the governing capacities of the local villages and make
them more vulnerable to disruption.

This example shows how a social/political study, conducted by research-
ers knowledgeable about local settings, can reveal a possibly serious conflict
of interest between project goals and the underlying social fabric of a re-
gion. Failure to consider such factors can undermine the success of an
otherwise well-planned and executed project. A perceptive social/political
feasibility report anticipates these types of conflicts and proposes modifica-
tions or alternative procedures to avert them. In cases where the project,
by its very nature, runs counter to the social pattern of its region of opera-
tion, its chances of achieving viability in the long term should be reassessed.
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Financial Study

The financial study addresses five basic questions:

1. What are the capital and operating costs of the project?

2. What are the sources of funds and draw-down schedules, and are they
sufficient to cover the costs of activities and implementation? What
are the alternative financing schemes from other funding sources?

3. What is the projected cash flow of the project? To what extent are
necessary borrowings scheduled to meet running deficits at activation?
How soon will initial revenues cover part or all of operating costs?

4. Is there an adequate accounting system to provide regular balance
sheets, cash flow statements, debt servicing schedules, and other fi-
nancial reports?

5. What are the provisions for project completion investment and other
means of recovery investment and operating costs?

An important feature of the financial study is that it totals up the costs of
project implementation and design, which were broken down separately in
the other feasibility studies. In many projects, therefore, economic and fi-
nancial feasibility considerations overlap, and in some cases there may be
good reason to conduct these two analyses simultaneously.

The two facts to be determined in a financial analysis are (1) whether the
project can succeed with the amount of money stated in the proposal and
(2) whether the project is expected (if it is in the private sector) to show a
profit. In private sector projects, financial analysis must also determine the
rate of return on the investment.

Assessing financial profitability and debt service capacity during the proj-
ect’s lifetime involves a projection of all revenues and expenses, receipts
and expenditures, defined as follows:

1. Revenues: transactions that generate income, whether or not cash in-
flows are involved.

2. Expenses: transactions that reduce income, also irrespective of cash
flows.

3. Receipts: transactions that involve cash inflows, whether or not in-
come is generated.

4. Expenditures: transactions that involve cash outflows, whether or not
income is reduced.

Simply stated, revenues and expenses affect project income, and receipts
and expenditures affect cash position. Thus, revenues and expenses deter-
mine the project’s profitability, and receipts and expenditures determine its
debt-servicing capacity, which is more directly dependent on cash position.
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To determine the project’s profitability and debt-servicing capacity, pro-
jections of the following financial statements are made:

1. Profit-and-loss statement (income statement)
2. Balance sheet
3. Cash flow statement

The periods covered by the project statements may vary from the first few
years of normal operation to the entire lifetime of the project, depending
on the purpose of the statements and the reliability of the estimates for later
years.

Many projects, it should be noted, are financed by loans from develop-
ment banks such as the World Bank, the Asian Development Bank, and
others. The World Bank normally follows a policy of balancing the need
to use scarce resources efficiently, considerations of equity, and the need to
generate additional funds to replicate the project so that it may reach the
largest number of potential beneficiaries. The World Bank also scrutinizes
each project to ensure that the funds requested will be sufficient to imple-
ment it. In the long run, this examination facilitates a successful project,
which in turn helps to ensure that the loans will be repaid.

Completing the Feasibility Studies

Once the feasibility studies have been completed, they must be packaged
together as a single document. The individual studies form the heart of the
document, while an introductory and a concluding chapter provide organi-
zation and coherence. The introductory chapter summarizes the major find-
ings of the studies. Since these findings are intended for the decision maker,
who may not have time to read the entire report, each finding should be
brief and precise and should reference the page numbers where the detailed
information can be found. The introductory chapter should also include a
description of the project, as well as its relationship to a larger program
and to other related projects. Finally, the introductory chapter should
clearly and explicitly list the goals and objectives of the project.

The feasibility study should conclude with a final chapter evaluating the
project. Included in this chapter should be the data required for the evalua-
tion. Generally, these data should measure the extent to which the project
has achieved the goals and objectives specified in the introductory chapter.
For example, in the Ratnigiri Fisheries project discussed earlier, the goals
and objectives included increasing self-sufficiency and promoting the devel-
opment of low-status groups. Thus, relevant measures of goal achievement
could include the amount of foreign exchange earned by the project, the
extent to which the project generated income for the Ratnigiri District, the
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project’s impact in generating new subsidiary businesses, the number of
unskilled laborers employed, the number of these workers advancing to
skilled positions, and the number of people learning a new trade or skill.
Usually project goals also specify that the project has acceptable environ-
mental and social impacts. Thus, in the Ratnigiri Fisheries project, the con-
cluding chapter would also stipulate the collection of environmental base-
line measures, such as the number of fish and shrimp in the fishing ground.
Periodic checks against the baseline would monitor the depletion of the
resource. Finally, the concluding chapter should discuss who will collect the
data and when, and who will conduct the evaluation.

APPRAISAL

After the individual feasibility studies have been assembled, an appraisal
report must tie together these diverse findings, attempting to reconcile con-
flicting results and providing an assessment of the project’s likelihood for
success.

Project appraisal must address two questions:

1. Will the project meet its own objectives, as well as the larger needs of
the local area and the country?

2. How does the project compare with other projects it may be compet-
ing with for funding?

Although the competitive factor is not always present in project selection,
it can be important in situations where a number of project proposals have
been put forward to fill a particular need or where there is not enough
funding to cover all areas of development. In such cases, comparison of
projects to assess, for example, which one provides the most jobs becomes
an important task.

The primary function of appraisal, however, is to evaluate a project’s
ability to meet its stated objectives and to provide long-term economic
growth in the larger framework of local and national needs. Some debate
has been focused on the scope of the appraisal function: whether it consists
merely of a social cost-benefit analysis within a larger framework or
whether, in fact, some of the issues involved at this level of decision mak-
ing—disruption or strengthening of cultural values, for example, or an in-
crease or decrease in life expectancy—can even be quantifiable.!® While so-
cial cost-benefit factors at this level are interpreted in strictly economic
terms, such as benefits to the country’s economy, consumer surplus, and
income, social cost also includes intangible factors such as equity and social
justice.

No matter how these larger issues are approached, there is no substitute
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for sound, thoroughly researched feasibility studies as the groundwork for
decision making. In this respect, all aspects of feasibility must be examined,
from technical to social-political. All too often, a project fails to achieve
its ultimate goals because the social and political impacts were not ad-
dressed. And equally, all too often, an ambitious project design proved too
sophisticated for an environment with limited resources, making it impossi-
ble to sustain without continued reliance on outside aid. Such mismatings
of plan with reality would be less likely to occur if all feasibility studies had
been thoroughly executed and intelligently appraised. If a project is to be
Sfeasible in the true sense of the word, it must be viable within the environ-
ment it has been designed to improve; all long-term projections of benefit
are undermined if the most basic capabilities and limitations of site and
country have not been carefully considered.

Assessment Factors

How is the integration of feasibility studies and outside policy factors into
a comprehensive appraisal to be accomplished? As mentioned earlier, all
data provided by the feasibility reports, including conflicting findings, must
be taken into account without compromising the main factors involved.
Thus, appraisal involves more than simply adding up projected gains and
losses as quantified in the feasibility studies. If, for example, a highway
project between two market towns will provide employment for unskilled
laborers and will bolster the small-farm economy, how should these two
pluses be weighed against the minus that the highway may produce more
rapid central growth, disrupting the rural social structure?

Such decisions frequently have a political dimension that varies widely
with the situation, and this political aspect is crucial because it goes beyond
feasibility. It addresses the question of whether or not a project should be
undertaken. It also defines alternatives, providing a basis for identifying
and selecting a design for final approval.

To illustrate appraisal, let us consider an infrastructure project to build
a highway. The first step in writing the appraisal report might be to provide
an overview of this highway project within the larger transport system of
the country. Such an overview would include a description of the existing
highway system, a description of existing transport systems other than high-
ways, and an assessment of ways in which lack of highway transport has
been slowing the country’s economic growth; a description of any national
program for highway development, together with this project’s priority in
the program and reasons for assigning it this priority; and, finally, the de-
velopment plan for the region this highway project will tranverse and how
the project fits into this plan.

Next, an appraisal would compare the project to other transport systems
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currently in use. It would describe the existing distribution of traffic among
the various types of transport in the project area. It would estimate the
effect of the highway project on the present distribution and on the eco-
nomics of the other transport systems. It would list the comparative avail-
ability of various types of vehicles, operating personnel, and other compo-
nents among the various types of transport systems, together with their
relative costs of operation.

From this overview, the appraisal would move to an analysis of specific
components based on information provided by the various feasibility stud-
ies. Under technical analysis, the appraisal would summarize findings of
the technical feasibility report, including such engineering aspects as exist-
ing road conditions, alternative technical solutions, preliminary surveys and
plans, construction standards, availability of local resources, anticipation
of special construction problems, and preliminary design for project imple-
mentation.

The appraisal’s administrative/managerial section would outline the im-
portant features of construction organization, as provided by the adminis-
trative/managerial feasibility study, and—a second important factor—the
organization of the maintenance and operation of the highway after it has
been completed. Turning to the environmental impact, the appraisal would
note what effect, if any, the alignment or location of the highway would
have on natural resources. If the effect appears detrimental, the appraisal
would select the best alternative route from among the choices given in
either the technical or the environmental feasibility study. It should be
noted, however, that even if the original route is shown to have an adverse
impact, this negative factor must still be weighed against all of the other
positive factors the project may possess, with final selection of the route to
be used presented in the wrap-up of the appraisal report, after all pros and
cons have been carefully weighed. Similarly, in assessing the social/political
impact of the highway, the appraisal would pinpoint its benefits to users,
such as providing them with ready access to work and recreation areas, and
whether or not the local community would be likely to resist or support
such a highway. Finally, since political considerations can often override
technical and other feasibility studies, the appraisal should take note of the
political climate as it bears on construction of the highway.

In assessing economic feasibility, the appraisal would first summarize the
findings on each technical alternative listed in the technical feasibility re-
port, listing such benefits as savings in transport costs provided by the proj-
ect, savings in time costs, stimulation of economic development of the loca-
tion and the country, other miscellaneous project benefits, such as
reductions in accidents, and, finally, overall economic feasibility—the sum-
mary of project costs and benefits as given in the economic study, using
such accepted indicators as NPV, B/C ratio, IRR, and others.
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In tying the financial analysis to the economic analysis, the appraisal
would again summarize the costs of each alternative listed in the technical
feasibility study. In each case, total costs would include the construction
cost, the cost of maintenance and operation, revenues (if any), and financial
profitability (if any).

Last and most important, on the basis of all of the information previ-
ously obtained, the appraisal would present its choice of, and reasons for,
the most feasible alternative. All the pluses and minuses of the different
feasibility sectors must be weighed, both against each other and against the
larger economic and political concerns that are frequently outside the scope
of any of these reports. Since both the individual factors involved and the
policy-making climate vary so widely from situation to situation and from
country to country, guidelines are difficult to set for this delicate final task.
But if it has conscientiously absorbed and integrated the contents of all of
the feasibility studies, the appraisal should not contain any startling new
information; rather, it should simply represent the next logical step, based
on the feasibility studies.

FINAL DESIGN

After the feasibility studies have been conducted and the appraisal written,
and before the project is formally selected and approved, some design
modification will occur. In fact, the project’s preliminary design must al-
most always be modified to a greater or lesser degree, based on the findings
of the feasibility studies. The modification, it should be emphasized, is an
ongoing process that continues past appraisal through approval and activa-
tion. For convenience, we distinguish the preliminary design, occurring be-
fore feasibility studies have been conducted, from the final design, the cu-
mulative result of the modification that has been taking place throughout
the feasibility and appraisal processes. (It must be noted that before work
can begin on the detailed final design, initial approval must be given to the
project. This approval must be obtained because the costs of completing
the final design are approximately 10 percent of the total project budget.)

This modified design becomes the basis of final specifications, contract
drawings, and the myriad details of the technical design that must be final-
ized before project activation and implementation begin. Such detailed
specifications include not only technical design but also the blueprint of the
tasks and activities required in the next phase of the project cycle. Design
is therefore not an isolated task occurring at one point in time, but rather
an ongoing process that tends to overlap and merge with many of the other
tasks in the integrated project cycle.

In sum, the final design must be specific and detailed to provide a sound
basis for receiving bids on the implementation of the project. This includes
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(1) final technical design, (2) preparation of specifications and cost esti-
mates, (3) preparation of listings of all project tasks/activities and time esti-
mates to complete each, and (4) preparation of contract documents. To
accomplish this effectively, a set of guidelines and checklists should be de-
veloped from the feasibility studies to assure the final design and implemen-
tation result in both environmental quality and project quality. The value
of this approach is multi-fold as discussed earlier in the chapter. In particu-
lar, such a set of guidelines and checklists guide implementation of the proj-
ect, identifying potential trouble spots and providing contingency plans. In
addition, they provide a viable framework for both monitoring and evaluat-
ing. These points are discussed further in Chapters 9 and 10.
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CHAPTER 4

Project Evaluation®

Evaluation is an analytical process to determine, as systematically and ob-
jectively as possible, the effectiveness, efficiency, and significance or rele-
vance of projects. In Chapter 1, evaluation is presented as the first task
in the final phase of the IPPMC. However, Chapter 1 demonstrates that
evaluation must be an ongoing process throughout the project cycle. Evalu-
ation should critically examine and analyze the results of each task in the
integrated project cycle to provide the necessary feedback to project man-
agement, ensuring cost effectiveness and safety in fulfilling project goals.
This process will also accomplish three additional needs: (1) provide rapid
solutions to unexpected problems that might emerge during implementa-
tion; (2) provide a sound basis for postproject assessment and evaluation;
and (3) provide useful lessons to improve policies, plans, and management
for future projects. The lessons drawn from an evaluation of four IPPMC
case histories are presented and discussed in Chapter 9.

Brief Overview of the Status of Project Evaluation

Unfortunately, until recently, evaluation has been either neglected or given
low priority. There are many reasons for this neglect. The most outstanding
one has been the lack of attention in both higher education and training
programs until the late 1970s. Training programs are now partially address-
ing this need, but higher education still gives the problem low priority.

In practice, failure to provide adequate evaluation has been primarily due
to the sociopolitical nature of projects. Thus, accountability for funds that
have been spent or blame for project failures are not actively sought. In
some cases, given the scanty economic resources of a country or state, it is
considered better to spend funds on new and necessary projects than to
review old ones. In other cases, reasons have included loss of interest in
past projects; no agency directly responsible for evaluation and follow-up;
no team or agency responsible for the entire project; lack of appreciation
for evaluation; and lack of adequate planning for the whole project—mean-
ing that standards or objectives were never comprehensively determined and
that the project, like Topsy, just grew.

*By John N. Hawkins, Professor of Comparative Education and Interim Director, Interna-
tional Studies and Overseas Programs, University of California, Los Angeles.
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Some of these reasons do not exist only in developing countries. They are
found everywhere, a circumstance that accounts for the recent emergence
of literature on techniques and procedures in project evaluation.'? Even less
literature is available on related aspects such as the scaling down, termina-
tion, and reallocation of project resources when a project is completed.?

The importance of ongoing and postproject evaluation must not be un-
deremphasized. The limited resources of many countries and states demand
that their administrators ensure that projects are well planned and effi-
ciently initiated. But even more, administrators must see that these projects
are effective and efficient in (1) implementation, (2) completion and hand-
over, and (3) postcompletion maintenance. At the same time, the adminis-
trators must be aware of the need to achieve the objectives of individual
projects, which contribute to the economic and social growth of the state
or country as a whole. While this may seem obvious in theory, all too often
the dictates and pressures of short-term performance indicators shift the
allocation of priorities away from evaluation toward new, more activity-
oriented areas.

In an attempt to provide a formal mechanism for project evaluation, two
handbooks have been published by international funding agencies. These
are the Evaluation Handbook* and Procedures for the Design and Evalua-
tion of ILO Projects.’

The Evaluation Handbook distinguishes between different levels of activ-
ity—multicountry-level studies, program-level studies, sector-level studies,
and project-level studies. Obviously, there will be a significant difference in
evaluation scope and emphasis, depending on the level of activity and the
degree of complexity being reviewed. In addition, the focus is on postproj-
ect evaluation, which may not take place for at least 1 or 2 years after
completion, and, in some cases, over 10 years.® There is no formal mecha-
nism for analyzing the lessons learned in order to improve policies, plans,
and management of future projects.

The United Nations International Labor Organization (ILO) defines eval-
uation as ‘‘the act of discovering how successful we are in achieving our
objectives.”’ It is an analytical process of comparing plans with accomplish-
ments, attempting to explain significant differences between the two. The
process looks upon design and evaluation in an integrated framework,
where design establishes the goals or objectives of the project and formu-
lates the work plan for implementation. Design also stipulates the means of
measuring progress. Evaluation asks questions such as ‘“Whom is this proj-
ect intended to help?’’ and ‘‘Did it?”’

The evaluation process is normally divided into three phases: (1) prepara-
tion for evaluation, (2) conduct of evaluation, and (3) preparation of the
report and recommendations. As with the United States Agency for Inter-
national Development, the World Bank, and other funding agencies, there
was no evidence of useful output for future projects as of 1986.
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A basic guideline in project evaluation that will optimize the results for
both implementation and lessons learned is comprehensiveness and consist-
ency. In this regard, it is useful to examine the evaluation process in the
context of the IPPMC. This is particularly important because of the thor-
oughness of the feasibility studies (Chapter 3) and the guidelines for
IPPMC case writers (Chapter 5). These chapters provide necessary baseline
data and a comprehensive checklist.

EVALUATION IN VARIOUS PHASES OF THE PROJECT CYCLE

It is important to note that postproject evaluation is distinct from, but as-
sumes as necessary for project success, both ex ante and ongoing project
evaluation. Because postproject evaluation is linked to different types of
project evaluations in earlier phases of the project cycle, the following sec-
tion briefly examines the activities involving evaluation at each point in the
history of the project.

Evaluation During Planning and Appraisal

In the early days of a project, evaluation is conducted when project propos-
als, prefeasibility studies, and feasibility studies are considered. In effect,
these evaluation processes involve different sets of documents and different
evaluating bodies at each point, and can be summarized as follows:

Project Stage Documents Evaluated Evaluating Body

Project identification  Interagency memo- Internal to agency
randa or prelimi-
nary project

proposals
Initial feasibility anal- Prefeasibility study Internal to agency
ysis and appraisal
Project selection and  Feasibility study Top management of
approval agency

Financial institution

National planning
agency

Other national agen-
cies

¢ Pollution com-
mission

¢ Energy commis-
sion

e Regional council

e Regulatory indus-
try commission
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The criteria used by each evaluating body may be different. For the
agency involved, the yardstick may be return on investment, whereas for the
national planning agency, it may be national security or net social benefits.

Evaluation During Operation and Control

Ongoing evaluation can and should be conducted while a project is being
implemented. This allows corrective measures to be taken while the project
is active.

During implementation, the project manager concentrates on effective
utilization of resources—completing the project at the right time, at the
lowest cost, and at an acceptable level of quality. The project manager
needs to be informed on the progress of the project as measured against
performance, cost, and schedule standards. This level of evaluation for effi-
ciency is often referred to as the ‘‘control’’ function. Usually, however, it
is higher management that conducts a running evaluation of the impact
of the project—i.e., changes in the environment that affect the project’s
objectives.

Evaluation documents at this stage include (1) progress and status re-
ports, (2) contractor’s reports, (3) project engineer’s reports, (4) budget re-
ports, (5) year-end reports of all projects in process, and (6) funding agen-
cy’s project status reports.

Evaluation During Completion and Handover

Once a project is completed, a project completion report may be required
of the project manager. Again, this is an evaluation tool which can be used
to determine whether expected project output levels are actually attainable
and whether problems were incurred in resource input conversions.

The project completion reports are submitted to the top management of
the agency; they may also be submitted to the national planning agency and
the funding agency for further evaluation.

Postproject Evaluation

This evaluation, coming at the end of the project, reviews all previous eval-
uations made. The culmination of postproject evaluation is a formal report
analyzing the project itself, as well as recommendations for future projects.
The main components of the post-project evaluation report are (1) A study
of the project objectives; (2) A study of the resources available and utilized
for the project; (3) Alternatives, opportunities, and constraints at each deci-
sion point; (4) An analysis of the overall project with regard to its outputs
and impact; and (5) Implications for future project planning.

The postproject evaluation is intended to produce recommendations that



60 PROJECT PLANNING AND MANAGEMENT

will benefit the agency not only in handling similar projects but also in
future project planning and management in general. The overall benefits of
both ongoing and postproject evaluation are covered in Chapter 1 and are
demonstrated in the IPPMC case histories.

Models for evaluation will now be examined and their applications to the
IPPMC discussed.

EVALUATION MODELS AND THEIR APPLICATION

Models for evaluation proliferate; it is estimated that as many as 20 differ-
ent models may be applied. However, it has been suggested that these
models can be grouped into six main types, each of which is more or less
useful to the various stages of a project.’

First, it is possible to consider evaluation as an applied science. Thus,
the evaluator uses the experimental method: operationalizing his models,
measuring the results quantitatively, and exercising control over the entire
process. Inspired by the social sciences, this method of evaluation appeals
to those seeking causes, measuring the differences an intervention can
make, and then adjusting the project to avoid mistakes and problems.

Second, evaluation can be viewed as systems management. Here the em-
phasis is on ensuring that the project runs well, smoothly, and efficiently.
All data received from the evaluation process are interpreted with these
goals in mind. In this sense, the evaluator is similar to an engineer who
understands the complexities of a project and realizes that each phase must
be watched and evaluated to ensure that it runs smoothly into the next
phase.

A third manner in which to view evaluation is as decision theory. At each
stage of the project (but more in some stages than in others), decisions must
be made on whether and how to proceed next. Decision theories are statisti-
cally applied according to certain criteria, and a go-no go decision is
reached. Decisions are viewed as being logically connected to evaluation
data. Therefore, once the decision is made, everyone concerned is con-
vinced that it is the right decision based on the data gathered.

A fourth model is goal oriented and treats evaluation as the assessment
of progress toward goals. Great care is taken to identify goals clearly and
to define a method of evaluating various stages on the way to meeting the
goal. The success or failure of each stage of the project is determined by
how well progress toward the goal was maintained.

A more recent evaluation method utilizes judicial procedures to assess a
project. Using the legal profession’s model of evaluation as jurisprudence,
project evaluators identify advocates for differing views of the project’s
value and success. Cases are argued in a debate, a judicial decision is
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reached, and a verdict is handed down. Only after all sides of an issue have
been heard does the project move ahead.

Finally, evaluation can be viewed as description or portrayal. This more
comprehensive manner of evaluation attempts to view a project in all of its
complexity, through a complete description or portrayal of each stage. This
process approaches the anthropological method as the evaluators attempt
to respond to the people and events surrounding a project. This method
may be more useful for the project manager who wants information quickly
and is less interested in statistical data than in perceptions of trusted evalua-
tors.

These six evaluation models have in common several aspects of the evalu-
ation process. Each attempts to determine progress in some way. Each also
attempts to analyze progress with respect to effectiveness, efficiency, rele-
vance, continuing validity of the design, unanticipated effects, possible al-
ternatives, and causality. Each also involves the participation of interested
parties, ranging from a minimal number (project management team, fund-
ing representatives, local government officials, etc.) to a broader group
(employer or worker association representatives, other technical experts,
representatives of consumer groups, etc.).

The context in which each of the six models of evaluation is applied is
equally important and must be taken into consideration. For each of these
models, three typical issues emerge: how evaluation is applied, when it is
applied, and who typically participates. Although the literature on each of
these issues is substantial, space allows only a short summary.

With respect to the how evaluation is applied, the process can be summa-
rized in three phases as follows. Phase 1 determines the progress of the
project. It consists of preparing evaluation worksheets, detailing plans, and
listing accomplishments to date.

Phase 2 provides an analysis of the progress. This phase represents the
heart of the process. Several aspects of a project’s progress must be ana-
lyzed. Typical of these aspects are project effectiveness, efficiency, rele-
vance, design validity, unintended outcomes, alternative scenarios, and
causality. The answers to these questions lead to the thrid and final phase of
the process of evaluation: action/decisions and preparation of the summary
report. Taken together, these three phases provide the context in which
project evaluation takes place.

Equally important is when evaluation takes place. Typically, this occurs
at the end of the project cycle. However, experience shows that the timing
of project evaluation is more complex.

In terms of timing, there are three categories of evaluation. The first is
interim (or ongoing) evaluation—sometimes referred to as ‘‘formative’’
evaluation. This form of evaluation analyzes project outputs, likely effects,
and impact while the project is being implemented. This form of project
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evaluation allows management and decision makers to adjust policies, ob-
jectives, and institutional arrangements based on periodic analytical data
supplied by the evaluation team.

There is also terminal or ‘‘summative’’ evaluation, which is provided at
the end of a project or at a distinct phase of an undertaking embedded in
a project. It provides decision makers and planners with information for
future project planning and evaluation.

Finally, there is ‘‘ex-post’’ evaluation, which is a retrospective examina-
tion of a project some time after its completion. Each of these timing
models is valuable, and project managers must decide which to emphasize
based on the nature of each project.

The last issue—who participates in the evaluation process— provides the
most variability and is best determined by the nature and complexity of the
project. However, some general guidelines can be utilized. In addition to
the typically subcontracted external evaluation team, it is advisable to in-
clude, at a minimum, the representatives of the project management team,
along with relevant governmental officials (local EPA, county, or city repre-
sentatives, etc.), and representatives of extramural funding agencies. Addi-
tional participants may include regional or local employer or worker associ-
ations, other technical experts, and representatives of the local consumer
group.

If these three questions—how evaluation is applied, when it is applied,
and who participates—can at least be explored, the probable success of the
project evaluation will be enhanced. It is not possible to judge one form of
evaluation as superior to another. Rather, due to the complexity of each
project, as illustrated by the IPPMC, one or another form of evaluation is
more relevant. This concept is summarized in Table 4.1:

As the chart shows, different models of evaluation are more appropriate
for different stages and phases of the project cycle. It is important to re-
member that evaluation is an ongoing aspect of project planning and man-
agement, that it occurs during and after the project is completed, and that
there is no one best model to follow. Creative project managers will judi-
ciously choose the most appropriate form of evaluation. Those discussed
in this chapter are illustrative and are not meant to be inclusive, but they
do demonstrate that a variety of approaches are possible.

Finally, case histories written in the IPPMC framework are useful evalua-
tion devices, particularly for (1) education and training programs and (2)
practitioners. When one is able to view a project in its entirety, it is possible
to learn a great deal about its strengths and weaknesses. This process allows
project managers to avoid mistakes by utilizing the evaluation data from
previous projects. As a whole, then, project evaluation is not a simple exer-
cise; it involves a complex web of interrelationships. These interrela-
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TABLE 4.1. EVALUATION MODEL.

TASK APP. SCI. SYST. MGT. DEC. TH. GOALS JURSP. DESC.
la X X X X
1b X | X X X
Ic X X l X X
2a | X X X X
-
2b | X X
|
]
3a ‘ X X X
3b X X X
3c X X
4a X | X X
4b X | X X
Code:
la: identification and formulation 3a: implementation
1b: feasibility analysis 3b: supervision and control
1c: design 3¢: completion and handover
2a: selection and approval 4a: evaluation and follow-up
2b: activation 4b: refinement of policy and planning

tionships, when integrated, provide the project manager with the kind of
information needed to assess each aspect of each project correctly.

CONCLUSIONS

Each project should be evaluated in the context of (1) its goals or objectives
in meeting economic and social needs, (2) performance of each task in the
integrated project cycle, (3) budget and time factors, and (4) short- and
long-term effects on the environment. Such a comprehensive evaluation
program requires the establishment of adequate evaluative systems or
models and policies at the outset of the project to ensure the necessary stud-
ies, data gathering, and measurements. The parameters are prepared as part
of the project formulation task, and are augmented by critical baseline data
and criteria from the feasibility studies (see Chapter 3).

The advantages of using the IPPMC conceptual framework in project
evaluation are threefold: (1) the many tasks in the project cycle are inti-
mately linked; (2) baseline parameters are obtained in phase 1; and (3) phase
4 provides for evaluation of all three previous phases, resulting in a baseline
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for improving the policies, planning, design, and management of future
projects.

(=)
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CHAPTER 5
Guidelines for Writing IPPMC Case Histories

PURPOSE AND USE OF THE CASE HISTORIES

Chapter 2 clearly demonstrated the significance of a series of carefully
documented case histories that describe and analyze the process of manag-
ing projects within various sectors and diverse economic and social settings.
The case histories provide a direct and intimate view of the role and activi-
ties of the project manager. They also focus on the many techniques, rela-
tionships, and other factors that contribute to the success or failure of par-
ticular projects. For education and training purposes, they provide a
realistic context for analyzing the management of projects. As a reference,
they provide both scholars and practitioners with useful insights in (1) plan-
ning and managing new projects and (2) troubleshooting for ongoing proj-
ects. Written in the IPPMC framework, case histories provide firsthand
accounts of management difficulties that occur within each phase of the
project cycle and the methods used to analyze these interrelated problems.
This framework helps to create an awareness of a project’s integrated, cohe-
sive nature.

The case histories are an integral part of the curriculum for the education
and training of project managers. Thus, they will be used to provide realis-
tic contexts in studying the special difficulties inherent in sound project
management. To accomplish this purpose, the cases must be written in a
prescribed format with detailed guidelines to ensure that all factual data
relevant to each case are obtained.

The essence of teaching by the case method is that students carry the
main load. Simply passing on the accumulated wisdom of others by lectures
will neither assist students nor improve their performance in real situations.
The students must approach each of these cases as a new learning situation
in which they must examine the data; untangle the web of facts, prejudices,
and opinions; determine the available courses of action; and decide what
action they would take.

These exercises, however, are not done in isolation. Students must inter-
act with one another, discussing their evaluations and defending their rec-
ommendations based on the facts presented in each case. Such participation
is vital. It allows students to become dynamically involved in realistic situa-
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tions, where they must use the important project management skills of per-
ception, judgment, decision making, and communication.

To make possible such meaningful interaction, the cases must be written
so that readers can examine the entire project situation. Not only must cases
provide an intimate view of the manager’s activities, they must also focus
on the many techniques, relationships, and other factors that contributed
to the project’s success or failure. In this respect, case writers must detail
the facts, opinions, prejudices, and forces upon which the manager’s deci-
sions were based, as well as include the raw data of the project situation.
This gives the students the opportunity to analyze the project manager’s
effectiveness and to decide what they would have done under the same cir-
cumstances. Here it must be emphasized that project management is not an
exact science. There is no single right answer; there are always alternatives
and the expectation that the best solution has not yet been found. Thus,
the cases must provide sufficient detail to allow the students to devise their
own solution; and they must be carefully documented so that students can
follow up on any unanswered questions.

There must, however, be some internal order to the cases; the massive
amount of information on each project must be organized using a common
format. The IPPMC provides this common format. Through the IPPMC,
each project history focuses on the inextricably related set of activities—
ranging from planning and identification to evaluation with feedback to
policy—that constitutes the life cycle of the majority of projects in each
sector.

GENERAL OUTLINE OF THE CASES

The form of the case histories should generally follow the framework of
the IPPMC and should be organized in the following manner:

Chapter 1 Project Background

Chapter 2 Planning, Appraisal, and Design
Chapter 3 Selection, Appraisal, and Activation
Chapter 4 Operation, Control, and Handover
Chapter 5 Evaluation and Refinement

Chapter 6 Conclusion

Suggested Discussion Questions

Although the case writers should generally follow this sequence of chapters,
they may not be able to adhere exactly to the sequence of tasks within each
chapter. The tasks may run together, or be out of sequence, or possibly
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omitted in one of the phases. Thus, the writers should exercise imagination
and flexibility in organizing a project’s activities and interactions.

Moreover, since each project is a new situation set in a new environment,
the writers must highlight the factors significant to their case. Thus, the
writers must emphasize or deemphasize phases according to the individual
requirements of the case history. This means that some chapters of a case
history will be more detailed than others. Above all, the case writers must
focus on the special lessons to be learned from their project, describing fully
the different sets of issues, problems, interrelationships, and tasks.

The IPPMC is thus a focal point—not a rigid framework—from which
writers can elucidate the many variables and interrelationships that make
their case an excellent learning device.

CHECKLIST OF QUESTIONS IN THE IPPMC

All of the questions and issues inherent in the IPPMC cannot be covered in
this chapter because of the complex nature of the life cycle of most projects.
The 248 questions presented here represent the composite experience of 18
senior scholars and practitioners involved in policy making, planning, de-
sign, implementation, management, and evaluation of large numbers of
projects in their home countries.

Thus, the questions serve a variety of purposes in addition to providing
a uniform framework for researching and writing case histories. First, they
give the reader an appreciation of the number and complexity of the factors
and issues affecting project management. Second, the questions are useful
in the analysis of other projects for either evaluation or troubleshooting
purposes. Third, they are extremely useful for the instructor in planning
and guiding student assignments for term papers, group reports, and class
discussions. Fourth, questions in the final phase of the IPPMC are useful
for both policy makers and planners in refining policies and plans for new
projects.

The questions are systematically arranged according to the IPPMC. Each
phase is presented with a synoptic discussion of the process, which is cov-
ered in detail in Chapter 1.

Phase 1: Planning, Appraisal and Design

In the first phase of the IPPMC, projects ideally originate from the identifi-
cation, definition, and analysis of problems and needs within the context
of larger program plans and policies. In most countries and states, this
process is carried out through centralized government planning, the private
sector, and mixed systems of private investment and government-sponsored
activities, including unstructured entrepreneurial investments. A project can
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be pinpointed from outside a country, as well as from inside it, by an inter-
national funding agency such as the World Bank or a multinational corpo-
ration. To translate a project idea into reality, the identification and for-
mulation tasks must take into account community needs and preconditions,
as well as the social and political environment. Strong agricultural lobbies,
for example, may place pressure on government to favor projects in the
rural sector.

Once the broad outline of a project idea has been formulated, planners
must conduct a feasibility analysis to determine if available resources are
sufficient to handle the many dimensions of implementation. In addition
to this systematic analysis of parts and details, an overall appraisal of the
project as an entity is necessary. Both feasibility analysis and appraisal must
focus on the project’s likelihood of success; at this stage, therefore, plan-
ners must define goals and assess whether or not they can be achieved.

If proper planning is an important prerequisite for a successfully executed
project, then design is certainly a critical task. The success or failure of a
project often depends upon the comprehensiveness of its design, which
must strive to consider all pertinent factors. Project design establishes in
detail the responsibilities, activities, and resources necessary to operate the
project.

Important questions during phase 1 of the project include:

Identification and Formulation

1. Was the project identified in the course of the national (or state)
development planning process?
a) If so, what was the policymaking characteristic of this process?

2. Can the national (or state) planning process ensure that policies and
programs for economic and social development at that level are
translated into or integrated with counterpart plans at regional and
local levels?

3. Did the original project idea relate to problems identified in the na-
tional, sectoral, or regional plan?

4. What were the major environmental factors—political, economic,

social, cultural, technical, or others—that led to the project?

What was the primary source of the project idea?

Who were the individuals or groups that first proposed the project?

Did other organizations become involved in defining the project?

What was the role of external donors or international funding agen-

cies in project identification?

9. Who, other than the earliest proposers, supported the project idea?
Who opposed it?

10. Were other groups or individuals involved in the preparation, such

e =W
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as clients, users, beneficiaries, political supporters or opponents, re-

source suppliers, and potential project implementors?

How and by whom was the initial idea justified in order to be in-

cluded in the country’s investment program?

a) Should it be in the program at this stage?

b) If so, how?

Were prefeasibility studies done?

How clearly and explicitly were the purposes and goals of the project

stated or defined?

a) Were the major potential problems also identified at this time?

b) Were the time constraints taken into consideration?

Was there a general commitment to the goals of the project by all of

the constituencies in its design?

a) Whose political and administrative support could be initially
counted upon?

b) What recourse did these supporters have?

¢) What conflicts arose and how were they settled?

Feasibility Analysis and Appraisal

1.

How extensive was the preliminary design?

a) Who prepared it?

b) How reliable were the assumptions and supporting documents?

Was a formal feasibility analysis conducted?

Who conducted it?

a) Was it a national organization, an international assistance agency,
a consulting team, or a combination?

b) What were the qualifications of the key persons involved?

How comprehensive and detailed were:

a) The technical feasibility studies (project location and layout,
subsurface conditions and problem areas, technology needs,
availability of construction materials, training of technical per-
sonnel)?

b) The financial feasibility analysis (investment analysis, projected
capital needs at various stages)?

¢) The economic feasibility analyses (national economic benefits,
cost-benefit studies of alternative designs, effect on employ-
ment)?

d) The market and commercial feasibility studies (as appropriate)?

e) The administrative, organizational, and managerial studies?

f) The environmental baseline studies?

g) The environmental impact studies (estimated impact of the pro-
posed project)?

h) The social and political impact studies?
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oo

10.

. Did the studies reveal any weaknesses in the project that might affect

future operations?
a) If so, what were these weaknesses?
b) How were the weaknesses addressed?

. What appraisal criteria were used?

a) Who had the authority for the appraisal?
b) Was the appraiser(s) trained?

. What procedures were used during the appraisal process?

a) How many stages did it go through?

. Did the appraisers and reviewers make an on-site inspection?
. Were there any reservations about the overall ability of the project

to succeed?

a) If so, what were these reservations?

b) Were there any problems that other appraisers foresaw that were
not included in the final appraisal?

c) If so, what were the problems and why not included?

How were uncertainties and gaps in the reliable estimates or projec-

tions affecting project appraisal dealt with?

Design

1.

2.

What were the major sources of data or information used in design-
ing the principal components of the project?

How well did the project design reflect the initial objectives and tar-
gets of the project idea?

. How clearly and explicitly were the purposes and goals of the project

defined and stated?

a) Were immediate goals distinguished from longer-range goals?
b) Were project objectives related to broader development policies?
Did the proposal include measurable targets for attaining objectives
and specifications for the project’s outputs?

. Did the source of the project’s identification influence how it was

prepared and designed?

Was an attempt made to identify the potential project manager and
to involve him in reviewing both project planning and project design?
a) Did the project manager have the necessary capabilities?

. Were the project’s activities, functions, tasks, and components

clearly identified and defined?

How many and what kind of design alternatives were considered and

analyzed?

a) How were these alternatives evaluated and chosen?

b) Were relevant building and other codes satisfied?

¢) Were environmental impact assessments made for each alterna-
tive?
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9. Were preconditions or prerequisites of success considered during the
design task?
a) Were potential problems or bottlenecks to successful implementa-
tion identified?

10. Were potential social and cultural impacts of the project taken into

consideration in its design?
a) Were adverse effects identified?
b) If so, how was the design modified?

11. Did the project design indicate an adequate mechanism for internal
and external communication requirements?

12. Were links and relationships with complementary or competing proj-
ects examined?

13. In how much detail were plans, budgets, specifications, job descrip-
tions, and work schedules prepared?

14. Were alternative organizational arrangements for project execution
and operation considered?

a) Were plans made for expanding the administrative capacity of the
potential project implementation unit?

15. Did the project organization maintain a balance—appropriate to the
project task——between technical and managerial persons and func-
tions?

16. Were the different elements of the project design integrated into a
coherent whole?

a) Was there one person who was responsible for this integration?
b) If so, what were his qualifications?

17. Was a postevaluation plan prepared, and were arrangements made

for collecting baseline data for the various tasks?
a) If so, what method was selected for the evaluation?
b) Did it include checks on project goals, costs, and quality?

Phase 2: Selection, Approval, and Activation

Preliminary work on a project is well underway long before it is actually
selected and approved for operation. For this reason, the analysis and prep-
aration that have gone into designing the project should also provide suffi-
cient information for policy makers to use in making a final decision about
its funding. A project must compete for selection on the basis of extremely
diverse factors: sophisticated forms of cost analysis, political and economi-
cal priorities, competition between pressure groups, and many other consid-
erations. Even within government, departments are often competing for
scarce resources for their own ministries, with top officials, including minis-
ters, pressing their case for particular projects. Thus, for example, educa-
tors may consider that their claims for more funds for schools outweigh
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those of defense experts concerned with expanding defense capabilities. To
provide convincing evidence of their project’s priority, development project
administrators must be able to perform such varied tasks as preparing loan
documents, assessing public reactions, obtaining necessary ministry ap-
provals, negotiating agreements with international assistance agencies on
the content and scope of their project, and resolving proposed loan cove-
nants.

In activating a project that has been selected and approved, the project
manager faces the complex task of coordination. The commitment of pro-
fessionals, technicians, resource suppliers, and policy makers to the project
must be formalized. The project manager must decide on the type and loca-
tion of the organization that will be responsible for executing the project,
and must determine what work structure best translates operating plans into
project activities. The project manager must coordinate a number of out-
side resource persons, delegate responsibilities within the project, and make
a wide range of related administrative decisions.

Critical questions during phase 2 include:

Selection and Approval

1. What appraisal and selection criteria were used?

2. How many stages of review were necessary before final selection and
approval?

a) Who participated in the review, selection, and approval proc-
esses?

3. Did these stages involve:

a) Obtaining legislative authorization?

b) Obtaining executive approval?

¢) Confirming procedures for budget operation, personnel manage-
ment, and interagency operation?

4. Did any changes occur in the project environment since the time of
the feasibility study that affected project approval?

5. How long did the appraisal, selection, negotiation, and approval
processes take?

a) What were major sources of delay, if any?

6. What major factors—political, social, technical, economic, adminis-
trative, environmental, or other—influenced decisions at each stage
of the review?

7. How were uncertainties and gaps in the reliable estimates of projec-
tions affecting project appraisal and selection dealt with?

8. Was the proposal in competition with others?

a) If so, was the project appraised and evaluated comparatively with
these others?
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11.

12.
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Which of the following criteria were used in the selection?

a) Linkage with national or local development programs

b) Accelerating the pace of economic and social progress in the area

¢) Availability of natural resources and raw materials

d) Priorities dictated by political pressures

e) Cost and duration

f) Other criteria

From what sources was the project to be funded?

a) Which organizations—national or international—provided other
basic resources or inputs?

Who was involved in the negotiation of loans, grants, or other forms

of funding for the project?

a) What were the major issues of negotiation?

b) What were the positions of the negotiators?

¢) How were differences resolved?

Were constraints and conditions placed on the project’s design or

operation by the selection, approval, or funding authorities?

a) Was the plan modified to conform to those conditions?

Activation

1.

2.
. What was the relationship between the project implementation unit

What criteria were used in choosing a project implementation unit
or executing agency?
What variables influenced the choice of organizational structure?

and higher organizational authorities in terms of responsibilities and
support?

. Who was included in the project team?

a) Were they relieved of their previous responsibilities temporarily
or permanently?

b) Were they included on a part-time or a full-time basis?

¢) What were their qualifications?

What criteria were used in selecting personnel for the project team?

In selecting the project manager?

a) What recruitment methods were used?

. Were the project leader and the project team given their job responsi-

bilities clearly?

a) Were they given an orientation or a period of retraining?
What working contracts and activation documents were used?
a) Who prepared them?

. Were adequate information and control systems provided at the acti-

vation phase?
a) If not, why not?
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9. How was the project organized internally with regard to:
a) Work and task division?
b) Authority, responsibility, and supervision?
¢) Communication channels among divisions and supporting organi-
zations?
d) Relationships between technical and administrative divisions?
e) Resource procurement and allocation?
f) Monitoring and reporting?
10. What types of systems or procedures were established for bidding
and contracting?
11. What were the major sources of the following project inputs?
a) Financial resources
b) Materials, supplies, equipment, and facilities
¢) Manpower
d) Political support
e) Technology
f) Public participation
12. Were detailed and realistic project operation plans formulated for:
a) Budgeting?
b) Recruitment and training of personnel?
c) Data collection?
d) Work and activity scheduling?

Phase 3: Operation, Control, and Handover

The start-up of the project results in intense activity as the various tasks
and functions become operational. The project manager must coordinate
and control the many diverse operations and resources that may be working
together for the first time. After basic administrative blueprints have been
established, the project manager allocates tasks to groups within the project
organization, making sure that the flow of necessary resources is properly
scheduled. The initial implementation task requires close coordination and
control. While equipment, resources, and manpower are being procured,
timetables and communication, information, and feedback systems must be
set up.

As implementation continues, good supervision, control, and informa-
tion dissemination procedures must provide the project manager with rapid
feedback which highlights problems and bottlenecks as quickly as possible.
A good control system not only pinpoints problems that arise during the
project cycle but also measures progress by evaluating both the quality of
the performance and the extent to which outputs adhere to preliminary
plans and specifications. Control procedures provide the basis for guiding
project operations and redirecting them, where necessary, to achieve the
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goals that have been set. Setting up an adequate supervision and control
system means that the project manager must coordinate activities that occur
both inside and outside the formal limits of the project organization.

Ending a project properly is just as important as beginning it. Project
completion in this sense means that the project is prepared for its inevitable
termination and handover to a different type of administration. Comple-
tion involves scaling down project activities, transforming experimental, pi-
lot, and demonstration projects into institutionalized programs and produc-
tion units, transferring outputs to beneficiaries, and diffusing project
results. This task also includes the reallocation of unused or excess re-
sources. Generally, the project manager must closely supervise the slowing
down of the project and the transfer of personnel and equipment in such a
way that assets are liquidated with maximum benefit.

Important questions during phase 3 of the project include:

Implementation

1. How were work activities and project tasks scheduled?
a) Did the project management team make use of such techniques as
CPM and PERT analysis?
b) What other techniques were used, and why were they selected?
2. Was there an adequate management information system?
3. Did it define:
a) Information requirements?
b) Sources of information?
¢) Systematic procedures and organizations for collecting data?
d) A coordinated design to integrate internal and external project ac-
tivities?
4. Were feedback channels and feedback elements identified?
a) Was adequate use made of these channels?
b) Was adequate use made of the information received from these
channels?
5. Were formal problem-solving or troubleshooting procedures estab-
lished?
6. What arrangements were made for coordination of project activities
with supporters, suppliers, and clients?
7. What was the leadership style of the project manager during the imple-
mentation phase?
8. Could it be characterized as:
a) Management by control?”

*Management by control is a management approach involving authority and responsibility to
oversee and coordinate all phases in the project cycle in order to ensure that project goals are
met on both budget and schedule.
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b) Management by objectives?*
¢) Management by exception?f

9. Was the project redesigned or modified to meet unanticipated prob-

lems during implementation?

Supervision and Control

1.

Were formal systems or procedures created to:

a) Procure, inspect, and inventory at optimum levels raw materials
and other resources?

b) Ensure vigorous recruitment and optimum utilization of man-
power and output?

¢) Monitor budget performance and cash flows; forecast changes in
funding requirements?

d) Test and adapt transferred technology?

What methods were used to report progress and problems to higher

authorities?

a) What type of information was reported?

b) How frequently were reports made?

¢) To whom were they addressed?

How were remedial actions initiated and performed when monitoring

and control procedures indicated problems?

Did conflicts occur:

a) Between technicians from different disciplines or specializations?

b) Between administrators and technicians?

¢) Between project managers within the parent organization?

d) Between the project implementation unit and other organizations?

Completion and Handover

. Were project completion reports prepared and reviewed?
. Was a plan prepared either for replication or for the transition of a

successful experimental, pilot, or demonstration project to full-scale
operation?

. What arrangements were made for diffusion of project outputs and

results?

. Were replicable components of the project identified?
. Were arrangements made for follow-up investment or multiphase

funding?

*Management by objectives is a management approach according to which performance is
monitored by comparing actual outputs with initial goals or objectives.

tManagement by exception is a management approach that focuses on problems in scheduling
and actual progress (progress of the project is of primary concern).
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6. Were extension or technical assistance services created to assist cli-
ents or users in adapting project outputs and results?

7. Were the procedures and methods of handover to an ongoing organi-
zation well established?

a) Were they complied with?
b) If not, why not?

8. What kinds of arrangements were made to transfer unutilized or ex-
cess resources—human, financial, physical, and technical—from the
project at completion to other projects or organizations?

9. What arrangements were made for the transfer or disposition of the
capital assets of the project?

10. What arrangements were made for credit or loan repayment?

11. Would levels of outside funding change considerably upon handover
to an ongoing organization?

12. Were project personnel reassigned to new duties at the project’s com-
pletion?

a) Were they prepared and trained for this?

13. Did the handover mean that new persons took over the project activi-
ties, or were the same persons transferred to a different setting within
the organization?

14. What restructuring or modification was required of the receiving
agency or institution?

15. What difficulties arose as a result of the transfer and handover:

a) To the project team?

b) To the receiving institutions?
¢) To the beneficiaries?

d) To the funding agencies?

Phase 4: Evaluation and Refinement

Evaluation, an often neglected task of project management, is in fact the
means by which the entire success or failure of the project is measured and
the only means by which useful information about its impact can be trans-
mitted. More than simply an after-the-event examination, evaluation
should be an ongoing process during each phase of the integrated project
cycle. Project evaluation includes both financial auditing, to ensure that the
funds were used for the specified purposes, and postassessment of the proj-
ect results. Postassessment consists of examinirlg the following factors: the
effectiveness of the project in attaining its goals; the impact of the project
in attaining its goals; the impact of the project on sectoral, regional, and
national development; and the degree to which the goods and services pro-
vided by the project have been made available on a continuing basis through
normal administrative channels.
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Follow-up is the action taken on the basis of evaluation and can include
both corrective action on unmet needs arising from the project and imple-
mentation of smaller, related ‘“‘piggyback’’ projects.

Refinement of procedures is the last necessary task in the life of a project,
because this modification, based on lessons learned from the old project,
will be the foundation of future projects. It is the function of refinement
both to pass on the project experience to new projects and to improve na-
tional policy. This refinement of procedures, as much as the actual work
accomplished, constitutes the project’s contribution to the well-being of a
country.

Important questions during phase 4 include:

Evaluation and Follow-Up

1.
2.
3.

10.

11.

12.

Was the need for the evaluation adequately perceived?

Were the objectives of the evaluation sufficiently clear?

What type of evaluation was decided upon?

a) Was the focus to be on short-, medium-, or long-term effects/
benefits of the project?

. Were formal evaluation procedures established?

a) Was an evaluation timetable set up?

. What techniques were used in the evaluation (cost-benefit analysis,

baseline measures, etc.)?

. Who did the evaluation?

a) Was it an individual or a team?

b) If a team, was it composed of individuals independent and outside
of the parent institution, or of individuals from within, or both?

¢) Why was this choice made?

. What level of seniority did the evaluator(s) have?

a) Was the evaluator(s) trained?

. Were adequate background information and data provided for eval-

uation purposes?

. Was the evaluation team provided with adequate administrative sup-

port?

What were the results of the evaluation?

a) Were the intended benefits realized?

b) If not, why not?

Was project efficiency measured using time schedule, budget, and

performance output considerations?

a) What were the major factors causing delay, cost overruns, and
failure to meet project performance criteria?

Was variance analysis used to measure the difference between pro-

jected and actual results?



13.

14.

15.

16.

17.

18.

19.

20.
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Did the evaluation consider the appropriateness of the following as-

pects of the project

a) Management information system

b) Level of technology

¢) Operating design

d) Manpower capabilities

e) Organizational structures and flexibility

Did the outcome of the project support the programmatic and na-

tional policy goals for which the project was intended?

What was the overall impact of the project on the locality, sector, or

nation?

What was the prevailing attitude and reaction of the end users at the

start of the project?

a) What was it at the end?

b) Did they perceive the project objectives in the same way?

Did the evaluation identify unmet needs?

a) Did the evaluation identify piggyback or follow-up projects?

Did the evaluation identify replicable components of the project?

a) Did it identify the need for follow-up investment or multiphase
funding?

b) Did it detect unforeseen side effects of the project, whether fortu-
nate or unfortunate?

Were formal evaluation reports prepared and presented?

a) To which individuals or agencies were they given?

b) When?

¢) How were they used?

Did the project team see the reports or participate in their formula-

tion or preparation?

a) If so, what was the response?

b) If not, why not?

Refinement of Policy and Planning

. Were the results of the evaluation followed up?

a) If so, by whom and how soon afterward?
b) What were the results?
¢) If there was no follow-up, why not?

. Did the evaluation results lead to the formulation of proposals for

further projects?
a) Did they lead to improvements or modifications of national
policy?
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3. What lessons and insights were gained from the project?

a) Was there an analysis of the reasons for deviations in implementa-
tion from the operating plan?

b) Did the analysis reveal both long- and short-term lessons?

4. How can these lessons be applied to refine the project or future similar
projects?

5. How can these lessons be applied to future policy decisions on project
management?

As the foregoing list of questions demonstrates, the issues and factors
affecting development project management are numerous and complex. To
bring order out of this maze of diverse factors, the IPPMC organizes man-
agement tasks and issues into an integrated scheme which views develop-
ment projects in their entirety—from identification to follow-up—and
places them in a cohesive framework. This conceptual framework provides
a comprehensive and balanced approach to project management.

To date, 30 case histories using the IPPMC conceptual framework have
been researched and published. Three such cases involving energy projects
are presented in Chapters 6, 7, and 8.

A sample of the form developed for IPPMC case proposals follows.

PROPOSAL FOR CASE HISTORY

1. Proposed Title of Case History:

2. Author:

(Family) (First) (Title)

Address:

Present Position:

Qualifications:

Curriculum Vitae: Please attach C.V. to proposal, giving further details, par-
ticularly regarding positions held, list of publications, etc.
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3. About the Case
Description of the case: Please attach a two- to four-page description of the
case, covering the various stages as outlined in the integrated project planning
and management cycle. Include in your description:

a) The dates of the project: commencement and completion.

b) Details of the stages of the case that you consider especially important in
teaching particular aspects of project management.

¢) The key organizational or management activities in the project which im-
pressed you as being particularly significant.

d) Organizational setting: Attach a one- to two-page description of the orga-
nizational setting of the case, including details of the project organization
and project management personnel.

e) Personnel involvement: State briefly any personal involvement you had in the
case.

4. Source Materials
a) Are the materials, documents, etc. needed for the case available for your use?

b) What organizations have the materials?

¢) Is special permission required to use the materials? If so, please list those
materials and state how permission should be obtained.

5. Work Plan
a) How long will it take you to write the first draft?

b) When are you able to start writing the case?

¢) If your proposal is accepted, when can you visit the East-West Center to final-

ize the case?
(continued )
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6. Illustrations— Photos
a) Do you propose to use illustrations (e.g., graphics, photos)?

b) If you do, please estimate the number to be used.

Line drawings:

Photos (black and white):




CHAPTER 6

Hawaii Geothermal Project

This case history was researched during the period 1978-1979 and published
in 1980.* The pilot or demonstration power plant was put on line in 1981,
supplying 3.0 MW of electricity to the residents of the island of Hawalii.
The Epilogue discusses increased geothermal explorations and updates the
economic, environmental, and social impact analyses to 1984. Two addi-
tional factors from 1979 to 1984 are of interest: (1) the population of the
state increased to slightly over 1 million, with 780,000 persons on Oahu,
and (2) dependence on imported petroleum for energy in the state decreased
from 99 percent to 90 percent.
A brief overview of geothermal energy is presented in Appendix C.

PROJECT BACKGROUND

Hawaii, one of the 50 states of the United States, is an island chain located
in the central Pacific Ocean, approximately 2,500 mi (4,000 km) west of the
continental United States. It is composed of numerous islands extending
across 2000 mi (3218 km) of the Pacific and is dominated by five major
islands (see Figure 6.1). At the northern end of the chain lies the capital and
population center of the state, the island of Oahu. Oahu has a population
of 718,400, while the state of Hawaii as a whole has a total population of
886,400. Approximately 200 mi (320 km) south of Oahu is the island of
Hawaii, which is the youngest and the only volcanically active of the major
islands. It has a population of 76,400.

The state as a whole is blessed with magnificent mountains, beautiful
beaches, cool valleys, lush vegetation, fertile plains, abundant sunshine,
and plentiful rainfall, all of which have made it possible to develop both a
thriving tourist industry and a profitable agro-industry in sugar and pineap-
ples. Ironically, the same geography and geologic characteristics that have
helped these industries to thrive have also deprived Hawaii of the conven-
tional sources of fuel needed to power them. Because of the islands’ recent
volcanic origin, no indigenous fossil fuel reserves exist. In addition, geog-

*Louis J. Goodman, Tetsuo Miyabara, and Barbara Yount, in Louis J. Goodman and Ralph
N. Love, eds., Geothermal Energy Projects: Planning and Management. New York: Pergamon
Press, 1980.
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Figure 6.1. Map of Hawaii.

raphy has isolated Hawaii from potential energy sources. Unlike the rest of
the United States, no coal comes into the state by rail; no natural gas is
received by pipeline; and no regional grid of electricity serves Hawaii. The
only presently feasible source of fuel is oil, shipped in by large tankers.
In short, Hawaii is almost totally dependent upon outside oil, and is thus
vulnerable both to disruptions in delivery and to fluctuations in the global
market. Its vulnerability was succinctly summarized by the opening state-
ment from the Mayor’s Energy Resources Committee: ‘‘In Hawaii, ‘Energy
is Oil.” We are totally dependent on oil and gas for our energy consumption
needs.”’!

This vulnerability is underscored by several statistics. From 1960 to 1974,
over 99 percent of Hawaii’s power was generated from crude oil which was
shipped to the state.? Approximately 25 percent of all petroleum products
was used to generate electricity, 25 percent was used for air transportation,
28 percent was used by gasoline service stations, 14 percent was used for
industrial and commercial purposes, and 8 percent was used for a variety
of other pupposes.’ Several trends have also increased Hawaii’s vulnerabil-
ity. The cost of oil has risen dramatically; in 1970 it was US$2.50 a barrel,
and by 1974 it was US$10. Between 1958 and 1975 consumption of petro-
leum rose 300 percent, from 12 million to about 38 million barrels per year.*

Yet this dependence and vulnerability upon imported oil is a paradox
because Hawaii possesses abundant alternative energy sources—solar,
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wind, wave, biomass, ocean thermal, and geothermal. Unfortunately, until
recently, these sources have not been developed. A significant factor in this
lack of development was the lack of an overall U.S. energy policy. In its
absence, the responsibility for developing alternative energy sources fell to
the private utility companies, which generate most of the power in the
United States, and to the individual state and county governments. For the
utility companies, however, there was little incentive to risk their capital in
research and development. Fossil fuel sources, particularly oil, were abun-
dant and cheap, and therefore cost effective; nonconventional power
sources could not compete with oil. Thus, the initiative for developing en-
ergy alternatives rested primarily with state and local organizations, such
as universities and planning boards. For the most part, these organizations
did not have the resources to conduct the research and development neces-
sary to make the various energy alternatives feasible. Nor did they receive
the necessary support from the state governments, since energy develop-
ment was not seen as a high priority.

In contrast, the government of the State of Hawaii and county govern-
ments of each island placed a high priority on the development of energy
alternatives. Hawaii’s vulnerability to oil shortages and dependence on oil
had made state and county officials keenly aware of the urgent need to
develop Hawaii’s indigenous sources of energy. As early as 1970, three years
before the Arab oil embargo, the Hawaii state legislature passed a resolu-
tion requesting the University of Hawaii’s Center for Engineering Research
to submit a study on the potential for new energy sources for Hawaii. The
report, completed in 1971, listed a number of alternatives.’

Geothermal energy was considered one of the more exciting new possibili-
ties. The concept itself—that of using the heat of the earth to generate elec-
tricity—could be applied in Hawaii by harnessing and controlling the some-
times destructive heat of the volcanoes. Since the island of Hawaii was
formed by the largest volcanic mass in the world (see Figure 6.2), geo-
thermal energy had great potential. And this potential captured the imagi-
nation of many of the state legislators and helped gain local momentum for
geothermal research.

Additionally, the county government of the island of Hawaii was enthusi-
astic about using its untapped resource. In this regard, several early experi-
ments had been conducted on the island. In the 1920s someone had at-
tempted to use volcanic heat directly to generate electricity. More recently,
in the 1960s explorations for geothermal reservoirs had been conducted.
These explorations resulted in the drilling of four wells in the Puna region,
the deepest of which was about 700 ft (213 m). However, no reservoirs were
found and the drilling projects were abandoned as economically unfeasible.
If any reservoirs existed, they existed at considerably greater depths and
could be exploited only at great cost.
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Figure 6.2. The island of Hawaii with volcanoes.

PLANNING, APPRAISAL, AND DESIGN

Identification

In 1972, with the encouragement of state and county governments, Howard
Harrenstein, director of the University of Hawaii’s Center for Engineering
Research and a long-time believer in Hawaii’s geothermal potential, submit-
ted a US$2.7 million research proposal to the National Science Foundation
(NSF). The proposal outlined a two-year project, called Project Pele. It was
essentially a multidisciplinary effort that would include:
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1. Geophysical program: geophysical explorations on the island of Ha-
waii. These would include surface studies, as well as the test drilling
of a series of shallow wells and a deep well, possibly to depths of
10,000 ft (3048 m).

2. Engineering program: engineering research on problems associated
with geothermal generation of electricity.

3. Environmental/socioeconomic program: investigations on geothermal
energy’s socioeconomic and environmental implications.

The project appeared to have one major drawback: Although it outlined a
very ambitious plan that would result in potentially useful scientific infor-
mation, it was a pure research project. No plans were made to actually
convert geothermal energy into electricity. Nonetheless, the Hawaii state
legislature and the county government of the island of Hawaii strongly sup-
ported the proposal, each giving the project US$100,000 contingent upon its
receiving NSF matching funds. However, the project was not immediately
funded.

Instead, in June 1972, the NSF awarded a smaller geothermal research
grant of about US$400,000 to George Keller, a professor of geophysics at
the Colorado School of Mines. Keller intended to drill a well about 3500 ft
(1067 m) deep in the Hawaii Volcanoes National Park at a site where the
U.S. Geological Survey indicated there might be underground steam. Even
if Keller discovered no reservoir of steam, he would take core samples and
conduct geophysical tests. Since these tests would indicate the potential of
usable geothermal energy in Hawaii, they would have a strong bearing on
the more elaborate Project Pele proposed by Harrenstein. Positive findings
would add justification for funding the multi-million-dollar research
project.

Keller’s project was eventually successful in obtaining research data and
in drilling to its target depth of 3500 ft (1067 m). The project also encoun-
tered certain problems.

One significant problem arose just prior to the drilling. The Congress of
Hawaiian People, a group representing the interests of indigenous Hawai-
ians, asked Hawaii Volcanoes National Park officials to delay the project.
A co-chairman of the Congress said that his group had two objections.
First, the drilling might violate religious and spiritual beliefs of the Hawai-
ian people: ‘‘Hawaiians should have been consulted before the drilling was
approved because it will take place on the sacred religious grounds of our
ancestors.”’® The co-chairman argued that Keller should have prepared an
EIS that detailed the site’s religious and historical value. Second, he claimed
that if the drilling found any commercially usable steam, Hawaiians should
profit from it because the state constitution declared that indigenous natu-
ral resources should be used for the betterment of the Hawaiian people.



88 PROJECT PLANNING AND MANAGEMENT

Both problems were eventually resolved. Keller met with the Congress
and ensured them that the project site was not located in an area of histori-
cal or religious significance. He also obtained a ruling from the Hawaii
Volcanoes Park superintendent stating that any geothermal steam from the
site would never be exploited commercially. The park was a public reserva-
tion, and therefore none of its resources could be bought or sold.

Formulation: The Initial Proposal

While Keller’s project was being implemented, the proposed Project Pele
suffered a setback when Harrenstein resigned his University of Hawaii post
to accept another position at the University of Miami. Since Harrenstein
was listed as the project’s principal investigator, the proposal had to be
revised and then resubmitted to the NSF. Initial planning meetings were
held, and the first decision made was to name a management team to re-
place Harrenstein. The management team was to consist of John Shupe,
dean of the University of Hawaii’s College of Engineering; George Wool-
lard, director of the University of Hawaii’s Institute of Geophysics; and
John Craven, the State of Hawaii Marine Affairs Coordinator and the dean
of the University of Hawaii’s Marine Program. The project was also re-
named the Hawaii Geothermal Project (HGP).

In August 1972, an NSF official advised the HGP management team that
a single person should be assigned to manage the project. The failure to
name one well-qualified person to assume overall leadership would endan-
ger potential funding. It was then decided to appoint John Shupe as
the principal investigator. He would be the project director, responsible for
the project’s overall administration and management and, in essence,
for the success or failure of the project. Sharing responsibility with him
were to be three co-principal investigators: Augustine Furumoto, a profes-
sor of geophysics at the University of Hawaii; Paul Yuen, associate dean
and professor of the University of Hawaii College of Engineering; and Rob-
ert Kamins, a professor of economics at the University of Hawaii. They
were to be the coordinators, respectively, of the geophysics program, the
engineering program, and the environmental/socioeconomic program.
Each would devote half of his time to the project and the other half to his
normal university duties.

An HGP Executive Committee was also established. The Executive Com-
mittee was composed of Shupe, the coordinators of each research program,
George Woollard, and John Craven. Although this committee would make
no direct decisions, it would play a policymaking and planning role. Figure
6.3 illustrates the 1972 organizational chart of the HGP.

By late 1972, the Executive Committee realized that the proposed project
would have a better chance of being funded if it included research and de-
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Figure 6.3. Hawaii Geothermal Project: Organization Chart (1972).

velopment that led directly to the conversion of geothermal energy to elec-
tricity. This would demonstrate the practical value of the research, as well
as provide tangible results for such a costly research.

Consequently, the HGP Executive Committee expanded the scope of the
project to include the planning and construction of a 10-MW prototype
geothermal power plant. As in the originally proposed Project Pele, re-
search under HGP was divided into three areas: geophysics, engineering,
and environmental/socioeconomic. A total of 37 separate tasks were identi-
fied in these three areas (see Table 6.1) and a team of 54 researchers was
named to conduct the investigations.

Requiring US$S million over a two-year period, the HGP proposal was
conceived in the following three stages:

Stage I was to be the initial, short-range exploratory and applied technol-
ogy research that would assist in the early development of geothermal
power. This stage was intended to acquire scientific information and to help
locate possible drill sites for geothermal steam.

During Stage II, the geophysical data collected in Stage I would be used
to establish an exploratory drilling program. This stage would culminate in
the drilling of one deep hole that would, hopefully, tap a steam or hot water
reservoir.

Stage III was envisioned as a planning stage for the actual construction
of a geothermal power plant. The well would be analyzed and the tests
necessary to design the power plant would be conducted. The actual genera-
tor design would then be prepared. In May 1973, approximately a year after
the submission of the project proposal, the NSF announced that it was
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awarding the HGP a one-year budget of US$252,000. Although numerous
other geothermal projects had requested funding, it had been decided that
the U.S. energy programs required more information on geothermal poten-
tial in island volcanic regions. This amount, added to the initial grant of
US$200,000 which had been given to the project in 1972 by the state and
county government, provided the HGP with a first-year budget of
US$452,000. Although this was far less than the originally requested US$5
million, it was viewed as the beginning of a long-term commitment to de-
velop geothermal power in Hawaii. The budget was also sufficient to enable
Stage I, the early exploratory research, to get underway.

Feasibility and Appraisal: 1973-1975

The initial research activities of the HGP were, in a sense, the formal feasi-
bility studies, determining the chance of the project to eventually generate
electricity from Hawaiian geothermal sources. The exploratory geophysical
surveys would help determine if and where reservoirs of steam or hot water
existed and thus allow the NSF to assess the HGP’s scientific feasibility.
The engineering and environmental/socioeconomic studies would identify
and clarify the technological, environmental, legal, regulatory, and eco-
nomic problems that could hinder the eventual development of geothermal
power in Hawaii—provided, of course, that a usable source of geothermal
energy existed.

Upon word of the NSF’s allocation to the HGP, the state government and
the county government of Hawaii island, which both strongly supported the
development of alternative energy sources, released funds to the HGP to
begin planning activities. Shupe then convened a meeting of the Executive
Committee, and each of the program coordinators was given a separate
budget. This provided each coordinator with the independence and flexibil-
ity needed to administer the research in his area and, at the same time, made
each accountable for his program. Shupe was responsible for the overall
management and coordination of the project. He was also responsible for
maintaining project cohesiveness and for ensuring that each research pro-
gram developed consistently with the overall project goals.

The Executive Committee also had to make important budgetary deci-
sions. The separate budgets initially proposed by each program coordinator
had to be reduced because the initial level of funding was considerably less
than anticipated. Thus, it was decided that each program would receive
only enough funds to initiate crucial tasks. The bulk of the money, however,
would be allocated to the geophysics program because it was conducting
the exploratory surveys crucial to the project’s continued progress. Despite
the reduced funding, it was anticipated that the NSF or some other govern-
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ment agency would provide the HGP with additional funds if the geophysi-
cal surveys indicated the existence of a reservoir of steam.

With these decisions made, the directors of the geophysics, engineering,
and environmental/socioeconomic programs began organizing their respec-
tive activities.

Geophysics Program. The geophysics program director, Augustine Furu-
moto, had requested about US$800,000 for the 1973-1974 activities but re-
ceived only about US$250,000. He decided to limit the geophysical surveys
to those which could begin immediately; the remaining surveys depended
upon the data from the initial surveys and would be undertaken if addi-
tional funds were received. The chosen surveys were those crucial in identi-
fying a potential reservoir of steam or hot water. Providing clues to subsur-
face conditions, they would be like pieces of a large jigsaw puzzle, which,
when put together properly, would serve as a geophysical model of the vol-
canic area. Included were photogeologic, geoelectrical, microseismic, and
geochemical surveys. Other surveys, such as gravity and magnetic surveys,
were planned for 1974 if funds were available. The photogeological survey,
contracted out to a commercial firm with the necessary equipment and ex-
perience, involved flying over the volcanoes at approximately 2100 ft (640
m) and taking infrared photographs of the rift zones—zones of innumer-
able fissures that served as underground pathways for the rise of magma.
When developed, the photographs would expose gradations of surface heat
and would locate volcanic vents and other ‘‘hot spots’’ along the rifts. Any
surface temperatures that exceeded the highest range of the film would be
exposed as spots of white. Flights were conducted during August 1973, and
the photos were developed soon afterward. The photographs revealed a
concentration of white dots along the east rift of Kilauea volcano, in an
area named Puna. The temperature range indicated by the film was 61-77°F
(16-25°C).

The initial electrical resistivity survey was subcontracted to George Keller,
who already had equipment in the field from his earlier project. These sur-
veys, called ‘‘dipole-bipole mapping,’’ checked the earth’s electrical resist-
ance by passing an electrical current between two poles set in the ground;
low resistivity readings indicated conductive foundations, such as hot saline
water or highly conductive soils. Since low resistivity readings could also
indicate pipes or electrical wires, several surveys had to be conducted to
help determine the true sources of the readings. The survey indicated two
areas of low resistivity that could be attributed to thermal sources—the
Opihikao anomaly and the Pahoa anomaly—both located in the area of
Puna. The Opihikao anomaly had resistivities of about 5 ohms/m
from 1969 to 6890 ft (600 to 2100 m), whereas between the same depths,
Pahao had resistivities of about 8 ohms/m.
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The microseismic surveys were to have measured the velocity of sound
passing through the ground, thus providing indications about the area’s
subsurface structure. These surveys were postponed because of delays in
receiving the necessary equipment. The geophysics coordinator agreed,
however, to begin a ground noise survey, which would indicate the variance
in subsurface noise. Since, in Hawaii, sites of volcanic activity produce in-
tense sound, these surveys would help to locate sources of geothermal heat.
Like the initial surveys, the ground noise survey discovered intense sound.

The geophysical surveys progressed steadily through early 1974, with the
geophysics coordinator assigning tasks to appropriate geophysicists on the
project team. Often the assigned individual would subcontract the survey
to a specially equipped commercial firm and then analyze the data himself.
This arrangement proved satisfactory for many of the tasks. However,
when no commercial firm could undertake the surveys, the geophysicist had
to order special equipment or redesign existing equipment and then conduct
the survey. This led to some delays, and the surveys fell behind schedule.

Engineering Program. The engineering program, like the other two re-
search programs, had to reduce the number and scope of its initially pro-
posed research tasks. The engineering director, Paul Yuen, thus decided to
concentrate on (1) geothermal reservoir engineering and (2) optimal geo-
thermal plant design. These two tasks dealt directly with applied research
crucial to the production of geothermal energy in Hawaii.

Geothermal reservoir engineering was initially two separate tasks, but be-
cause of their close linkage, these were later collapsed into one task with
two related components. These components included (1) numerical model-
ing and (2) well testing and analysis. The engineers working on numerical
modeling attempted to do a computer simulation of the operational dy-
namics of a geothermal system under different conditions. To derive the
mathematical relationships, they first had to investigate several issues. How,
for example, would pumping, reinjecting, and recharging the geothermal
well affect the Ghyben-Herzberg lens? The Ghyben-Herzberg lens is a pool
of fresh water trapped in porous rocks beneath the island’s surface. Sea
water also permeated the island’s subsurface, but the fresh water was lighter
and thus floated on the sea water, forming a lens which supplied much of
the island’s water. When the engineers completed these investigations, they
would construct a model that would generate computer answers to ques-
tions such as: How deep must the well be drilled to avoid destruction of the
Ghyben-Herzberg lens? What is the life span of the well? What is the capac-
ity of the geothermal reservoir?

Well testing and analysis would culminate in field measurement of the
geothermal well—assuming, of course, that a successful well was drilled.
The task would proceed in several stages. Initially, the engineering team
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would evaluate the existing equipment and the methods used by the geo-
thermal engineers in other areas of the world; this involved a literature
search. Then they would examine the techniques used by petroleum reser-
voir engineers to measure oil wells. However, since the volume and capacity
of a geothermal reservoir depended on temperature but a petroleum reser-
voir did not, many analytic techniques of petroleum reservoir engineering
were inadequate. Thus, during the next stage of research, engineers would
modify and adapt both the geothermal and the petroleum methods to de-
‘velop a comprehensive geothermal testing program. The completed pro-
gram would be appropriate for a geothermal well and would include a com-
plete array of geological and reservoir engineering tests, as well as
recommendations for the purchase of equipment. After the researchers de-
veloped the well testing program, they would conduct the tests on the well
itself. Ultimately, the data collected would help predict the life span and
capacity of the geothermal well.

The engineering program’s second research task was to study power plant
designs that could be used if a geothermal well was discovered. Since the
optimal power plant design depended upon the form of energy produced
by the well (it might be dry steam, wet steam, hot water, gases, dissolved
solids, or vapor), the engineering team might have to study many options.
The team decided, however, to limit their investigations to two basic types
of geothermal power plants: the vapor flashing plant and the binary fluid
plant.

The vapor flashing plant would be practical if the well produced geo-
thermal steam. In this system, the geothermal well would contain hot water
under intense pressure. As the water rose from the bottom of the well, the
pressure on it would decrease and some of it would flash to steam. The well
would thus emit a mixture of hot water and steam. The steam would be
separated from the hot water by a separator and piped directly to a turbine
generator. The hot water could be discarded or piped to another separator,
which would further reduce the atmospheric pressure on it, causing it to
flash to steam. This steam would then be piped to the generator (see Figure
6.4).

The binary fluid plant would be efficient if the well produced hot water.
In this system, the hot water would be used to heat a secondary liquid,
such as isobutane. When the isobutane became vaporized, it would power a
turbine that would then produce electricity (see Figure 6.5).

To design the optimal plant, the engineers would have to answer ques-
tions such as: What would be the most efficient steam pressure to power
plants of different sizes? What plant configuration would be most feasible
given different well conditions? What kind of turbine generator should be
used if the well produced wet steam or dry steam? How should the plant’s
discharge system be designed to make it environmentally sound?
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Figure 6.4. Vapor flashing plant.

The engineering team began work on each of these tasks in late 1973,
and the research proceeded smoothly through 1974. However, much of the
research was intended to be applied to the actual production of geothermal
energy in Hawaii. Thus, the engineering program could succeed only if
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Figure 6.5. Binary flashing plant.
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money was obtained to continue the overall project and only if a successful
geothermal well was drilled.

Environmental/Socioeconomic Program. With only limited funding
available for environmental and socioeconomic studies, the coordinator of
the program, Robert Kamins, decided to focus on the following three as-
pects of geothermal development: (1) legal and regulatory aspects, (2) eco-
nomic implications, and (3) environmental impacts. These topics had a di-
rect bearing on the social, economic, and political factors that would help
or hinder the implementation of geothermal energy projects in Hawaii.

The first aspect, the legal-regulatory research, involved the complex ques-
tions of ownership and government regulation. Because Hawaii’s public law
did not cover geothermal resources, it was uncertain whether geothermal
steam was publicly or privately owned. In order to clarify this issue, the
research team would first have to examine how other U.S. states settled the
ownership question. These approaches would then have to be compared to
the relevant statutes in Hawaii and alternative solutions proposed that were
consistent with Hawaiian law. Of particular importance in this regard was
whether geothermal resources could be classified as mineral, water, or a
substance unique in nature. If geothermal resources were classified as min-
eral, some would be owned by the state under mineral rights clauses; if they
were classified as water, they would be owned by private landowners
through legal precedence; and if they were classified as unique in nature,
their ownership would be uncertain. This situation was further complicated
by two issues. First, some of the land deeds issued during the early 1900s did
not reserve to the State of Hawaii the exclusive ownership of any subsurface
minerals. Since it was not known how many of these deeds existed or where
the land pertaining to them was located, ownership could be determined
only by reviewing individual land deeds. Second, several Hawaiian rights
groups claimed that the geothermal resources belonged to indigenous Ha-
waiians. They claimed that their ownership was upheld by Hawaii’s consti-
tution.

In examining the regulatory issues, the environmental/socioeconomic
team would have to address questions such as: Which government agencies,
if any, should possess authority over the drilling, land use, and development
of geothermal energy? What safety requirements should be adopted for
drilling and for geothermal power plants? What environmental safeguards
should be imposed upon geothermal development? How should the public
interest be protected?

A fundamental issue regarding these questions was the multiplicity of
government agencies potentially involved in answering these questions. On
the federal level, these included the Environmental Protection Agency and
the Energy Research and Development Administration. On the state level,
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they included the Department of Health, the Department of Transporta-
tion, the Department of Planning and Economic Development, the Depart-
ment of Land and Natural Resources, the State Energy Resources
Coordinator, the Department of the Attorney General, the Office of Envi-
ronmental Quality Control, the Hawaii state legislature, the Public Utilities
Commission, and the Department of Regulatory Agencies. On the county
level they included the Department of Public Works, the Department of
Research and Development, the Department of Water Supply, and the
Planning Department.

The second research topic, the economic impact of geothermal develop-
ment, involved building an econometric model that would provide projec-
tions to the year 1980. To begin this task, the researchers would collect data
on the cost, source, amount, and distribution of Hawaii’s present energy
use. Data would also be collected on the cost and production of geothermal
energy around the world. From these data, the researchers would make
certain assumptions about energy prices. Then, after building a dynamic
model, they would estimate the demand for geothermal energy under vary-
ing supplies. Projections could then be made of the resulting impact upon
employment, population dispersion, industrial growth, public revenue, and
economic growth.

The third research task, environmental analysis, would monitor the eco-
logic impact of any geothermal well or power plant developed by the HGP.
Initial studies would involve the collection of baseline data on the vegeta-
tion and wildlife in the drilling area. Of particular concern, however, was
the Ghyben-Herzberg lens, which supplied much of the island of Hawaii’s
fresh water. A medium or deep geothermal well might penetrate the lens,
endangering the water supply. To provide information about the impact
of drilling, researchers would initially measure nearby springs for salinity,
temperature, and chemical characteristics. Then they would establish a pro-
gram to monitor the springs for any deviations from the baseline measures.
Eventually the environmental program would complete a comprehensive
environmental impact statement.

In late 1973, the program team began working on the legal/regulatory
aspects and the economic implications of the project. The environmental
analysis, however, could not be initiated until a potential drilling area was
designated, and in late 1973 it was uncertain if the HGP would receive dril-
ling funds. Nonetheless, there was an urgent need for the study on legal
implications because the Hawaii state legislature was considering legislation
to clarify the ownership of geothermal resources.

To assist the legislators, in February 1974, the research team completed
a preliminary analysis of all geothermal ownership options and their conse-
quences. Aided by this study, the legislature passed the state’s first geo-
thermal law. It classified geothermal resources as mineral, thus reserving
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them to the state under mineral rights provisions. Work on the regulatory
aspects and the economic impact continued through 1974.

Overall Coordination and Management of HGP, 1973-1974

While each program’s research was being conducted, John Shupe attempted
to ensure continued support for the HGP and to maintain the project’s
overall cohesion. He conferred regularly with federal, state, and county
agencies, made presentations of the envisioned HGP program at public
symposiums and international conferences, and formed contacts with a
widespread network of geothermal experts, who would provide HGP with
advice, information, and assistance. In August 1973, Shupe also formed
the Hawaii Advisory Committee (HAC) and the National Liaison Board
(NLB).

The HAC was composed of Hawaii’s business, political, and community
leaders such as the president of Hawaii’s major electric company, the direc-
tor of the State Office of Environmental Quality, the director of the State
Department of Planning and Economic Development, the director of a
leading environmental group, the president of the Congress of Hawaiian
People, and officials from the County of Hawaii. Since these individuals
represented the groups that formulated Hawaii’s energy policy, their sup-
port was critical for the successful development of geothermal energy.
Moreover, many of the groups, particularly the state and county officials,
strongly supported the development of indigenous alternative energy
sources. Therefore, it was natural that the project include them in an overall
cooperative effort. The first HAC meeting was held in October 1973, and
the group decided to meet semiannually.

The NLB was composed of geologists, geophysicists, and engineers from
the U.S. mainland. Experts on geothermal power development, they would
monitor and advise the HGP on its progress and direction. Since they also
represented a core of the nation’s geothermal experts, as well as working
for key agencies such as the NSF and the U.S. Geological Survey, they
would be extremely influential in ensuring continued federal funding for
the project. The first NLB meeting was scheduled for early 1974.

Maintaining the overall cohesion of the HGP was the project director’s
most difficult but most important task. He realized that the project was, to
a certain extent, naturally segmented because each program conducted very
different kinds of research. Moreover, some separation was necessary to
give each program the flexibility and independence required to accomplish
its own goals. At the same time, however, the ultimate goal of each research
program was to support the generation of geothermal power in Hawaii.
This goal provided the driving force for the HGP and integrated the re-
search programs with one another. Thus, the project director had to encour-
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age all program coordinators to keep the ultimate goal in mind and to avoid
concentrating on research that was not relevant to the project’s overall
goals.

At the beginning of 1974, the HGP was increasingly embroiled in the
major policy question of whether or not to establish and proceed with an
experimental drilling program. The project director felt that the project had
to make progress by drilling an experimental well. He thus advocated the
establishment of a drilling program. The geophysics program coordinator
felt that further research had to be conducted before the HGP could even
consider a drilling program. However, the engineering and socioeconomic
program coordinators supported the establishment of a drilling program.
Other HGP team members, particularly Agatin Abbott, professor and
chairman of the Department of Geology and Geophysics at the University
of Hawaii, supported a drilling program because it was the only way to
actually determine if a usable geothermal source existed. However, a final
decision could not be made immediately.

Against the background of this unresolved policy issue, Shupe convened
the first meeting of the NLB. The meeting was held in February 1974 on
the island of Hawaii, where any potential drilling would occur. The meeting
was intensive. The director of the NSF’s Advanced Energy Research pro-
gram outlined the foundation’s interest in HGP, emphasized the crucial role
of the NLB in evaluating the HGP’s progress, and pointed out that the NSF
could not fund commercial exploratory drilling but could fund a research
drilling program.

Then, each HGP program coordinator presented a progress report. The
engineering coordinator described the reservoir engineering and mathemat-
ical work to date; the environmental/socioeconomic coordinator described
the Hawaii state legislature’s efforts to establish a legal framework for the
ownership of geothermal resources. Most of the meeting was spent, how-
ever, on the progress of the geophysical program. Initially, the geophysics
coordinator described the infrared air photo survey and the electrical resis-
tivity surveys, and also presented data from his deep (4000 ft) (1257 m)
drill. A review of surveys conducted prior to the formation of the HGP
was also presented, and a lively discussion ensued. Board members, HGP
personnel, and persons in the audience asked probing questions and offered
interpretations of the geophysical data.

At the end of the meeting, the NLB could reach no consensus on which
sites had the greatest geothermal potential. But it did agree on recom-
mended courses of action for the HGP. The NLB felt that the HGP should
move rapidly to establish a research drilling program. There was no other
way to test the theories and interpretations. The NLB further recommended
that the coordinator of the drilling program be Agatin Abbott. Abbott was
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the senior geologist on the research team and had conducted the aerial in-
frared surveys. He was also an advocate of an early drilling program and
had vigorously supported its establishment. The NLB also advised that a
Site Selection Committee be formed. This committee should be composed
of senior geologists and geophysicists, who would collectively make deci-
sions about all aspects of the drilling program, including the number of
research wells and the location of all drill sites. Abbott was recommended
to chair the Site Selection Committee. After reaching a consensus on these
recommendations, the board members concluded the first NLB meeting.

Shupe informed the HAC about the NLB’s recommendations, and the
HAC likewise encouraged the organization of a drilling program. The HAC
also told Shupe that they would aid the HGP in securing state government
funds to support the drilling. With the pledge of HAC’s support, it was
decided to request funds from the state legislature, which was just beginning
its 1974 session. In this process, a lawyer first drafted an appropriations bill
requesting $500,000 from the state government. The bill was then intro-
duced to the legislature, and each program coordinator testified before the
legislature’s appropriations committees about his program’s progress and
about its relationship to the development of geothermal energy in Hawaii.
The keystone of the testimonies was a discussion of geothermal drilling by
Abbott. Since a drilling program had not yet been formulated, he could
provide only a general overview. Nonetheless, the overview was sufficiently
detailed to capture the legislators’ interest. At the conclusion of the formal
testimony, Shupe was assured that the HGP would receive support. But he
would have to wait until the legislature formally approved the funds and
until the governor released them.

In late February 1974, the project director determined that it was time for
the HGP to establish a formal drilling program. Thus, the HGP Executive
Committee was convened to discuss the issue and reach a decision. At the
meeting, Augustine Furumoto, the geophysics coordinator, stated that es-
tablishing a drilling program was premature; HGP funds could be most
usefully spent on further geophysical surveys and data interpretation. In
response, Shupe argued that both the NLB and the HAC, the two advisory
groups, had strongly recommended the formulation of a drilling program.
Moreover, it was an appropriate time to establish and proceed with such a
program because the project had to progress toward its long-range goal of
generating geothermal power.

Paul Yuen, coordinator of the engineering program, Robert Kamins, co-
ordinator of the environmental/socioeconomic program, and other mem-
bers of the Executive Committee also pointed out that the geophysical sur-
veys had generated a large quantity of data. The data had been interpreted
and varying predictions of the subsurface conditions had been made. But
the only way to check the interpretations and to verify the accuracy of pre-
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dictions was to actually drill. Finally, the drilling proponents argued, the
area in which the drilling would occur was one of the most thoroughly stud-
ied geological regions in the world. The HGP, the University of Hawaii, the
U.S. Geological Survey, the state and the county governments, and other
universities had conducted geological and other survey expeditions in the
area. Surveys such as geodetic, gravity, deformation, seismic refraction,
magnetic, and thermal surveys had already been conducted. An experi-
mental drilling program was thus long overdue.

After discussing the issue a while longer, the Executive Committee voted
to establish a drilling program. Abbott was appointed the program coor-
dinator, and Shupe provided him with a small budget to initiate planning
activities. Abbott’s first act as coordinator was to form a Site Selection
Committee, which would assist in planning and making decisions for the
program. By March 1974, then, the HGP consisted of four research pro-
grams with several advisory and policy boards. (The HGP’s organizational
structure as of April 1974 is illustrated in Figure 6.6.)

Following these actions, the project director turned his attention to fiscal
management. He realized that the HGP would require more time and
money to complete the research programs presently underway. Addition-
ally, a large grant was required to support the research drilling program. It
was therefore decided that each program coordinator would assist in the
preparation of (1) an eight-month budget extension to fund their current
activities and (2) a new proposal to fund an experimental drilling program,
including related activities.

Design: Completing the Proposals and the Drilling Program

From March to June 1974, each resecarch team continued to make progress
on its scheduled research tasks. The engineering program’s researchers con-

Hawaii Advisory
Committee (HAC) MANAGEMENT .
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Figure 6.6. Hawaii Geothermal Project: Organization Chart (1974).
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tinued working on the numerical modeling and the well testing program.
Additionally, they continued designing the optimal geothermal plant. In the
environmental/socioeconomic program, research continued on the legal-
regulatory issues and the economic analysis.

Finally, in the pivotal geophysics program, work was being done on a
wide variety of exploratory surveys. The geophysics researchers completed
the building of a wire loop magnetic induction system and implanted 12
pairs of electrodes deep into the earth by air dropping them in inert missiles.
This system was designed to follow up on the initial electrical surveys and
would help to determine whether or not geothermal resources existed at
depths of 1.24 mi (2 km). Other surveys that continued under the auspices
of the geophysics program included a microseismic survey, a magnetic sur-
vey, and geochemical surveys of groundwater. Also, during this period,
Donald Zablocki of the U.S. Geological Survey, with the assistance of HGP
team members, began an electrical self-potential survey of the Puna area.
In the past, these surveys had proved extremely useful in helping to locate
potential geothermal sites.

Important as the geophysical research was, however, the top priority of
the HGP increasingly shifted to completing the budget extension and the
experimental drilling proposal. Preparing the budget extension was rela-
tively simple but time-consuming. Each program coordinator wrote a prog-
ress report elaborating on his program’s research results, on the problems
encountered, and on the funding necessary to complete the research. The
project director reported on the overall status of the project and justified
the requests for a time extension and for additional funds. When com-
pleted, the 108-page budget extension requested an additional US$340,000
over an eight-month period ending in December 1974. It was submitted to
the NSF in April 1974.

The Executive Committee then met to discuss the preparation of the ex-
perimental drilling proposal. The geophysics coordinator emphasized that
the tone of the proposal should stress the project’s continuing experimental
focus. The intent of the drilling program would thus be to check the geo-
physical predictions and interpretations, not to discover a usable geo-
thermal resource. In response, the project director and the other program
coordinators acknowledged the experimental nature of the drilling but
added that the ultimate goal of the project was to develop the capability
for generating geothermal power. This meant that it was crucial to discover
a usable geothermal source. They thus emphasized that the proposal should
retain a judicious balance between pure research and the development of
practical applied techniques.

After discussing this issue, they decided that a sharp restatement of the
overall goals of the HGP was necessary to keep the drilling proposal in
perspective. These goals included:
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1. Improvement of geophysical survey techniques for locating under-
ground heat resources.

2. Identification of potential geothermal resources, initially on the Big
Island.

3. Experimentation with deep-drilling techniques for subsurface heat.

4. Development of efficient, environmentally clean systems for conver-
sion of underground heat resources to useful energy.

5. Completion of socio-economic and legal studies for conversion of un-
derground heat resources to useful energy.

6. Establishment of environmental baselines with which to monitor sub-
sequent geothermal development.

7. Development of a geothermal production field and prototype power
plant on the Big Island . . .~

With these goals in mind, all agreed that the proposal would request funds
for each program to continue its research tasks. However, the priority re-
search tasks would be those that directly supported or related to the drilling
program. Finally, they agreed that the proposal would give highest priority
to the drilling program itself.

The task of writing the proposal was divided among the program coor-
dinators; each coordinator would be responsible for his program’s plans.
The project director would coordinate work on the proposal, assemble it,
make it cohesive, and compile all of its financial and administrative sec-
tions. The program coordinators completed the plans for their programs in
May, and by late June 1974, the proposal was finished. It was divided into
four sections; a brief description of each section follows:

Geophysics Program. During the time period of the proposal, work would
continue on all geophysical surveys that were not yet completed; these
would probably be the microseismic studies, the magnetic studies, and the
geochemical surveys. Additionally, follow-up studies would begin; these
would include a geochemical survey, thermal surveys of well water, and
mathematical modeling. Also, in early 1975, the geophysics team would
make a preliminary analysis and interpretation of the data to help the dril-
ling program determine the most useful sites for drilling. Finally, two new
tasks would be undertaken: (1) a hydrology study of the Puna area and (2)
a study of the physical property of rocks in the same area. The hydrology
study would analyze geochemical data to determine the source of geo-
thermal water, the way it circulated beneath the earth, and the process by
which it recharged the geothermal reservoir. The physical property of rocks
study would measure the thermal conductivity of the drilling area.

Engineering Program. During the grant period, research would continue
on the optimal geothermal plant design and the numerical modeling. How-



104 PROJECT PLANNING AND MANAGEMENT

ever, the priority task would be the well testing program, which the engi-
neering team had designed. The testing program was composed of three
sections: (1) bore hole tests, (2) well completion methods, and (3) well tests.

1. Bore hole tests would be conducted during the drilling. Researchers
would continuously monitor the temperature and composition of geo-
thermal fluid; and at regular intervals, as well as periods of sharp tem-
perature increases, they would take formation logs. Formation logs
would include information such as the temperature, pressure, and
composition of the fluid in the drill hole, as well as the type, density,
and porosity of the rock surrounding the drill hole. The engineering
researchers would obtain this information by drawing core samples of
the earth and by lowering a probe into the drill hole. The bore hole
tests would not only provide valuable data but would also help deter-
mine how deep to drill and when to stop.

2. Well completion involved deciding how to complete the drill hole and
what kind of equipment to use to build the well head. If the well
tapped a favorable geothermal reservoir, the drill hole would be pre-
pared for further testing by installing a slotted liner or a gravel pack.
After the hole was completed, the well head would be assembled. The
specific equipment to complete the well head would be chosen after
further study. But the well head design required (a) a valve assembly
to control the flow of steam from the well, (b) a silencer to reduce the
roar of the steam as it flashed from the well, and (c) a centrifugal
cyclone separator to separate the well’s steam and hot water. The final
task of well completion would be starting the well. If the well did not
flow naturally, the engineering team planned to force the geothermal
fluid to the surface by injecting compressed air into the hole; there-
after the natural pressure and heat of the geothermal reservoir would
force the steam and water up the drill hole to the well head.

3. Well testing would occur in two stages: a downhole fluid measurement
stage and a well flow stage. In the downhole stage, the engineering
team would lower measuring probes into the well and record the tem-
perature, pressure, and flow rate of the geothermal fluid. This infor-
mation would help the engineers to estimate the life span and generat-
ing capacity of the geothermal reservoir. After allowing the subsurface
conditions to stabilize for at least one month, the engineers would
initiate the flow testing. The steam would then be allowed to flow out
of the well for extended periods, during which the engineers would
measure the pressure, temperature, and mass flow rate. These data
would enable them to estimate the well’s generating capacity.

Environmental/Socioeconomic Program. During the grant period, the re-
searchers on this program would complete the legal-regulatory and eco-
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nomic studies. They would also begin two new tasks, environmental moni-
toring and land-use studies. The environmental monitoring would include
a baseline data collection of the chemical, biological, and physical charac-
teristics of the area. This baseline would establish the standard against
which to measure the impact of drilling. If the investigations indicated that
the environment would be adversely affected, drilling plans would be al-
tered. Finally, the fumes produced by the discharge of geothermal steam
would contain gases such as ammonia and hydrogen sulfide. To measure
the quantities of gas being releaseed into the atmosphere, a special team
of scientists would conduct air quality studies. The land-use studies would
provide two crucial bits of information. First, they would provide informa-
tion on the zoning codes and the land-use laws that might restrict the well
location and the drilling operation. Second, they would identify the owners
of potential drill sites. Once this information was compiled, the team mem-
bers would negotiate with the owners for the rights to enter their land and
drill for geothermal resources.

The Drilling Program. This was the focal point of the proposal. Not only
would drilling demonstrate the success of the HGP’s initial research efforts,
it would provide dramatic evidence of the HGP’s progress toward generat-
ing geothermal power. Based on the work of each research program, as well
as previous geological and groundwater surveys, the proposal envisioned
drilling experimental holes in three general locations. The most favorable
location, and the one where drilling would first take place, was along the
east rift of Kilauea near Puna. In this area, three types of holes would be
drilled:

1. Shallow holes (average depth—3500 ft or 152 m) for water samples and
temperature measurements.

2. Intermediate-depth holes (2000 ft or 610 m) for temperature measure-
ments, rock alternation, and water chemistry.

3. Deep holes (6000 ft or 1829 m or more) to try to reach a potential
geothermal source.

To manage all drilling operations, the Site Selection Committee would con-
tract with an experienced geothermal engineering firm. This firm would be
responsible for overall drilling management, including drawing up a drilling
contract, subcontracting the drilling, managing the drilling operations,
drawing up safety regulations, cleaning up the site, controlling the finances,
and handling all other operational aspects. The Site Selection Committee
would decide upon the location, number, diameter, and depth of all drill
holes. Additionally, the committee—in conjunction with the engineering,
geophysics, and environmental/socioeconomic programs—would deter-
mine the types of scientific measurements, when to take them, and how to
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assess the results. The Site Selection Committee would also hire the geo-
thermal engineering firm.

In the description of the drilling plans, no specific drill sites were identi-
fied. Instead, the plans provided detailed maps of the general areas being
considered for drilling and provided the geophysical data which indicated
that geothermal resources existed in these areas. The Site Selection Com-
mittee would choose specific sites after the results of other geophysical sur-
veys were received from the field and after the socioeconomic program indi-
cated which areas were feasible.

The proposal was submitted to the NSF in July 1974 by the project direc-
tor, John Shupe. The proposal established a one-year activity period, Jan-
uary-December 1975, and requested US$2,000,000, of which $1,200,000
would be allocated to the drilling program.

SELECTION, APPROVAL, AND ACTIVATION

Selection and Approval

In May 1974, formal notice was received that the Hawaii state legislature
had approved the HGP’s request for drilling funds; the HGP would be
allocated US$500,000, provided that the project also received federal
matching funds. Later in the month, the NSF approved the budget exten-
sion. The NSF would grant the project US$217,000 to enable the research
teams to continue working through December 1974. The NSF program
manager further informed the HGP that it would receive an additional
US$118,000 in 1975 to complete the research.

In July 1974, as previously discussed, Shupe submitted the multi-million-
dollar experimental drilling proposal to the NSF. Since the amount re-
quested was so large, the proposal would take six months to review. While
this was being done, each research team continued with its research tasks.
Then in September 1974, Shupe conferred with the NSF program managers
about the proposal. At this conference they informed him that the NSF
would not fund such an expensive drilling program but that the HGP could
expect to receive approximately US$500,000, which was enough to drill a
single deep well. Moreover, the HGP should specify a drill site.

Shupe informed the HGP Executive Committee of the funding con-
straints and told the program coordinators that they would have to revise
their programs. The revisions were to include the geophysical evidence and
analysis that had been completed since the submission of the initial pro-
posal, reductions in the level of spending and activity of each program, new
drilling plans based upon the new budget constraints, and specific locations
of each drill site. Each research team proceeded with the revisions; the bulk
of the work, however, was to be done by the geophysics team and the dril-
ling program team in conjunction with the Site Selection Committee.
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The Site Selection Committee met in October 1974 to draw up new dril-
ling plans. After discussing all options and reviewing all of the available
data, they made three decisions. First, they decided that, rather than spend
the funds on several shallow holes to gather more information, they would
drill one deep hole to possibly tap a geothermal source. Second, because
funds were so limited, the committee decided that no engineering firm
would be hired to supervise drilling operations. Instead, a drilling consul-
tant would be contracted and the drilling program team would manage the
drilling. Third, the committee decided upon the single drill site.

The drill site decision was critical, and there was considerable pressure
on the committee. Although the drill was explicitly intended to increase
scientific knowledge, it was implicitly intended to tap a still hypothetical
geothermal source. Thus, since only one hole would be drilled, the com-
mittee had to select a site that overlay a geothermal reservoir. Adding to
the pressure on the committee was scientific uncertainty. The evidence from
the geophysical surveys suggested underground hot water but was not defin-
itive. Several exploratory holes are normally drilled because, as one expert
had commented to the committee, ‘‘the odds of finding a usable steam res-
ervoir in drilling are one in five, and geothermal search requires a good deal
of luck.”’® Nonetheless, the committee had to select one site.

It considered two general locations: Area A, the Pahoa anomaly identi-
fied by the electrical resistivity survey, and Area B, the Opihikao anomaly,
also identified by that survey. Both areas were situated along the east rift
of Kilauea near Puna. Area A was about 1500 ft (457 m) north of the Puu-
lena Crater; Area B was located approximately 3 mi (4.8 km) west (see Fig-
ure 6.7). After deliberating, the committee chose Area A and designated a
drill site at the apex of the anomaly. An alternative site was also selected
approximately 1500 ft (457 m) north of the apex.

In choosing Area A, the committee relied primarily on geologic condi-
tions and the self-potential survey. The geological conditions of the region
included a history of volcanic activity, an interesting offset in the formation
of the rift that indicated the pathway for magma at depth, and groundwater
with a chemical content that indicated a hot water source. The self- poten-
tial survey also pinpointed a definitive bull’s eye on the site (see Figure 6.8);
this indicated hot water trapped beneath the surface. Geochemical and
geoelectrical surveys also tended to confirm the self-potential survey. The
committee members thus assessed the possibility of finding a geothermal
source at either site within Area A as very promising. Area B was also con-
sidered to be a site with high potential, but its geologic characteristics were
not quite so promising. In sum, the Site Selection Committee was positive
and optimistic about the chances of uncovering a geothermal reservoir.

In November 1974, the geophysics program team members met to revise
their section of the proposal. They first reviewed all of the geophysical evi-
dence that had been collected to date and then evaluated the selected drill
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Figure 6.7. Location of Area A and Area B.

site. In reviewing the data, they examined the geoelectrical surveys,
the magnetic surveys, the seismic surveys, the geochemical analyses, and
the self-potential survey. After considerable debate, they concluded that the
geophysical evidence required more study, and therefore they could not sup-
port the Site Selection Committee’s optimism. Moreover, their interpreta-
tion of the data suggested that a drilling program to search for geothermal
resources was unwarranted. The surveys, although indicating a high geo-
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Figure 6.8. Self-potential map of Area A. (Source: Hawaii Geothermal Project, Quarterly
Progress Report, No. 4, Honolulu: University of Hawaii, March-June 1974, pp. 5-25.)

thermal potential, could also reflect phenomena other than hot water or
steam at depth. Thus, until the geophysics program completed a careful and
comprehensive analysis of all data, they considered a drilling program to
be premature.

The program team members also decided that if a drilling program were
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to be funded, despite their recommendations, they still could not support
the location chosen by the Site Selection Committee. In elaborating on this
position, the geophysics program coordinator wrote in a summary report.

The Site Selection Committee for the drilling program, which is quite
independent in organization from the geophysics program, met in No-
vember to select a drilling site for the renewal proposal. As far as the
geophysics program is concerned, no special site can be recommended
for geothermal exploration, but a hole could be recommended to check
geophysical data. The committee chose a site based on self-potential data
and geological formation. The geophysical program agreed to go along
as a hole at that site will also have value in checking out gravity and
magnetic data.’

Despite the optimism of the Site Selection Committee and the skepticism
of the geophysics program, the revised proposal was written. As expected,
it reflected the divergent outlooks. On the one hand, the geophysics team
emphasized that the geophysical data were ambiguous and that further sur-
veys should be undertaken. Moreover, they endorsed a drilling program,
not because it had potential for uncovering a geothermal reservoir but be-
cause it could test geophysical interpretations.'® On the other hand, the Site
Selection Committee was positive about the site and about the potential of
finding a reservoir. They stated in the proposal that ‘‘probing to depths
where we now have no factual information would be most beneficial and
we could conceivably arrive in the upper portion of a potential geothermal
resource.”’!!

The geophysics program coordinator was dismayed by the overall pro-
posal. He later commented that ‘‘the fine distinction, exploratory hole to
test data vs. exploratory hole for geothermal source, was lost in the writing
of the proposal.’’"?

The project director conferred with NSF officials early in 1975 about the
revised proposal. He also met with officials from the Energy Research and
Development Administration (ERDA). ERDA was the federal government
agency responsible for the development of the nation’s new energy sources;
it would assume from the NSF the funding responsibility for an approved
drilling program. Both agencies gave assurance that the proposal was high
priority and that it certainly would be approved. The NSF even sent a staff
worker to Hawaii to advise on preparing invitations to bid for the proposed
drilling. Despite the assurances, however, the two agencies had not yet com-
pleted the proposal evaluations.

In early March, the evaluation concluded that the geophysical data and
analysis were insufficient to justify a drilling program, especially since the
implied intent of the drilling was to tap a geothermal source. The geophysics
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team thus concentrated on completing a thorough analysis. By the end of
the month, a preliminary interpretation of the geophysical surveys was com-
pleted. Using the data from the gravity, magnetic, and microseismic sur-
veys, the geophysics team projected the shape, width, and depth of the dike
complex in the proposed drilling areas. The dike complex, or intrusive zone,
was projected to begin about 2953 ft (900 m) below sea level. It was approxi-
mately 1.98 mi (3.2 km) wide, with a vertical extension of about 2.49 mi (4
km) and had the shape of a long, horizontal, rectangular prism with vertical
walls. A complete interpretation of all the data was not made, but early
interpretations tended to confirm that there was a possible geothermal re-
source at Area A.

More important, there were now adequate data and interpretation to jus-
tify an exploratory drilling program. The available data and the interpreta-
tions were sent to ERDA.

Then, in late April 1975, the ERDA approved the proposal. The HGP
would receive US$1,064,000 for the period May 1975-April 1976. This
amount, when added to the US$500,000 allocated to the project by the State
of Hawaii and to the US$45,000 given to the project by the Hawaiian Elec-
tric Company, amounted to a total of US$1,609,000.

Activation

The project director had actually begun preparing for the drilling activities
long before he knew whether the HGP would receive drilling funds. As
early as October 1974, action was taken to acquire legal permission for the
potential drilling. Robert Kamins, the coordinator of the environmental/
socioeconomic program, had a University of Hawaii attorney prepare a
model right-of-entry permit. The permit was a document granting the land-
owner’s permission for the HGP to use his land for drilling. In November,
after the Site Selection Committee had chosen the primary and an alterna-
tive drill site, Kamins identified the primary site owners as the Tokyu Land
Corporation. He sent the corporation’s managers a copy of the permit, but
after reviewing it, they refused to grant HGP drilling permission. Kamins
then began negotiations with the owners of the alternative site, the Kapoho
Land Corporation. Since this corporation was not developing the site, it
agreed to sign the right-of-entry permit. Specifically, the permit granted the
HGP the right to enter, prepare, and drill the land for a fee of $1. Since the
HGP was a research project, the question of ownership was not relevant.
However, if a geothermal resource was discovered, ownership would have
to be determined before it could be commercially exploited.

Fully expecting drilling funds to be approved, the project director and
the program coordinators continued preparing for the drilling phase. In late
January 1975, Abbott, along with the drilling program team and a consul-
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tant from the NSF, prepared invitations to bid on the proposed drilling.
The invitations were sent to a number of firms in Hawaii and on the U.S.
mainland. By March, however, drilling funds still had not been approved
by the ERDA, so Shupe had to recall the invitations and wait for the fund-
ing decision.

An HGP Executive Committee meeting was held in late April. At the
meeting it was announced, as has been noted, that the ERDA was satisfied
with the information provided by the geophysics team in March and that
firm assurances had been given to Shupe that the drilling would be funded.
Official approval of the funds would be forthcoming before the end of the
month. The geophysics program coordinator then commented on the se-
lected drill site, Area A. He said that he had completed a more thorough
interpretation of the geophysical data and now had serious doubts about
the geothermal potential of Area A. He felt that Area B, which the com-
mittee had also considered, had greater geothermal potential. Because of
these doubts, another Site Selection Committee meeting was scheduled for
May 1975. It was also decided to invite George Keller to the meeting, since
he had also expressed doubts about the site.

By May 1975 the ERDA had formally approved funds for the drilling;
thus, the Site Selection Committee meeting took on added significance be-
cause it would provide the final opportunity to reconsider the drill site. To
begin the meeting, the geophysics coordinator commented that Area B was
more favorable than Area A because the area of anomalous low resistivity
in Area B was considerably larger than that in Area A. More disturbing still
was that Area A registered high magnetic readings. Since the Hawaiian ba-
salt loses its magnetism above the Curie point, the high magnetism indicated
that Area A might not supply enough heat for a geothermal reservoir. Add-
ing support for Area B, George Keller noted that the seismic data indicated
that rocks in this area had a Poisson ratio of 0.4. This indicated the presence
of fractured rock, which might allow enough hydrothermal flow to create
a reservoir.

In response to these comments, other committee members pointed out
that when electrical data from several sources were analyzed, indications
were that the anomalous resistivity lows were more definitive in Area A
than in Area B. Moreover, the self-potential survey indicated an unambigu-
ous bull’s eye at Area A; and self-potential surveys were found by the U.S.
Geological Survey to be the single most useful method for identifying
anomalous thermal areas in Kilauea. Finally, there was a moderately high
sound intensity of 9 dB in the vicinity of Area A, which indicated geo-
thermal activity at depth. The high level of magnetism could not be ex-
plained, but the magnetic implications conflicted with the geochemical and
temperature data. A previous geothermal test well located downslope from
Area A had a temperature of 193°F (90°C), and the water in the well con-
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tained several times the normal levels of silica and chloride, all of which
strongly suggested high temperatures at depth. Finally, the Curie point for
theolitic basalt might be as high as 572°F (300°C), which was adequate for
a geothermal reservoir.

A comparison of the data was then made between the two areas (see
Table 6.2). It was concluded that the geophysical data were generally com-
parable, although the magnetic data favored Area B and the seismic data
favored Area A.

The deciding factors would thus have to be geological and geology
strongly favored Area A. First, Area A lay over the dike complex, while
Area B was somewhat to one side of it. The dike complex was formed by the
consolidation of magma in numerous fissures; thus, it formed a potential
reservoir of heat. Second, Area A was located directly above an offset in
the 1955 volcanic eruptions. These eruptions proceeded to the northeast,
stopped, and then resumed in a significantly offset southwest direction. It
was believed that a concentration of magma could be located in the vicinity
of this offset. Third, Area A was coincident with the epicentral distribution
of three separate episodes of shallow earthquake swarms in 1970. These
episodes might have been caused by magmatic pressure. Fourth, Area A
was located in the vicinity of both seismic activities that preceded the 1960
eruptions and the outbreak of the 1955 eruptions. It was thus believed that
Area A was in a zone that had a recent heat source. Finally, there were a
number of shallow wells downslope from Area A that were significantly
hotter than normal. This supported the hypothesis that groundwater flowed
downslope through a hot source near Area A.

After all of the evidence was again reviewed, unanimity could not be
reached, so a vote was taken. All members of the Site Selection Committee,
except for the geophysics coordinator, favored Area A. The geological evi-
dence had been the determining factor.

Later in May, Abbott inserted a stake into the ground at the selected drill

TABLE 6.2. COMPARISON OF DATA ON AREA A AND AREA B.

SOURCE OF DATA AREA A AREA B
Loop-loop inductive soundings 3-5 ohm-m 5-8 ohm-m
Self-potential survey 450 mV 800 mV

Dipole resistivity mapping 8 ohm-m S ohm-m
Downslope well temperature 193°F (90°C) 73°F (23°C)
Downslope well chloride content 3410 mg/1 —
Downslope well silica content 174 ppm 1 ppm

Ground noise 4-9 dB Background only

Magnetism High Low
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TABLE 6.3. BUDGET ALLOCATIONS
FOR THE HGP DRILLING PHASE

(1975-1976).
Project director $ 30,877
Geophysics 237,977
Engineering 155,972
Environmental/socioeconomic 59,412
Drilling, including:
Subcontract 979,000
Consulting 40,000
Site preparation 35,000
Contingency, testing 50,000
Total US$1,609,151

site within Area A. The overall HGP budget for the drilling phase of the
project was then finalized. The allocations were as shown in Table 6.3.

The Consulting Firm and the Drilling and Testing Programs

Following the Site Selection Committee meeting, John Shupe met with Ab-
bott and the other drilling program team members. They decided to hire
a drilling consultant, since they had only limited experience in deep-hole
geothermal drilling. The New Zealand firm of Kingston, Reynolds, Thoms,
and Alardice (KRTA) had earlier been suggested by an NSF official, and
thus Shupe began inquiring about the firm. At the May 1975 United Na-
tions geothermal conference, Shupe learned that KRTA had extensive expe-
rience with geothermal drilling in New Zealand, the Philippines, and Cen-
tral America. It was also one of the most respected geothermal consulting
firms in the world. It was thus decided to contract KRTA’s services, and an
agreement was worked out with R. Kingston, the firm’s managing director.

In June 1975, the coordinator of the drilling program, Agatin Abbott,
temporarily withdrew from the project because of ill health, and his col-
league, Dr. Gordon Macdonald, a University of Hawaii professor of geol-
ogy and geophysics, assumed the coordinator’s role. Later in June, invi-
tations to bid for the drilling subcontract were sent to 28 firms. Most of
the firms, however, were located on the U.S. mainland and would find it
too costly to ship a rig to Hawaii. Thus, by July 1, the closing date for bids,
only one bid had been submitted. It was from Water Resources Interna-
tional (WRI), the Hawaii-based company that had previously drilled Ha-
waii’s only deep geothermal well. It was thus decided to negotiate a contract
with WRI.

In July 1975, R. Kingston arrived in Hawaii for consultations with the
HGP project team. He discussed the overall program with Shupe and held
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separate conferences with each of the program coordinators concerning the
drilling and testing activities. He also spent a great deal of time discussing
the drilling with WRI. He then returned to New Zealand and began prepar-
ing the drilling and testing plans.

During July and August, Kingston completed both the testing and drilling
plans, which were based on the special conditions encountered in Hawaii,
the needs of the HGP, and experience with geothermal projects in the rest
of the world. The plans were crucial for HGP’s success. They would be
used not only as the basis for drawing up contracts between HGP and WRI
but also to guide day-to-day operations. Consequently, the plans were com-
prehensive and detailed. The drilling plan was divided into three phases:
predrilling site activities, the drilling program, and the site restoration. A
brief description of each phase follows.

The predrilling site activities were intended to ensure that the site was
adequately prepared and that the contractor had mobilized for a deep-hole
drill. Specific responsibility for completing each activity was divided be-
tween HGP and WRI. Some of the more important tasks of the HGP in-
cluded:

¢ Establishing rights of way and building adequate roads to the site.

e Clearing and grading the drilling area.

e Constructing an 8-ft (2.4-m)-deep drilling cellar large enough to sup-
port the drilling rig substructure.

e Implanting in the earth a 30-in. (50.8-cm) conductor pipe.

Important responsibilities of WRI included:

¢ Spreading over the drilling area crushed rock sufficiently fine to seal
the surface from excessive rainwater percolation.

e Constructing on the site a 180,000-gal (684,000-1) water reservoir.
¢ Providing work offices with supply sheds, fences, fuel, and power.

¢ Obtaining necessary drilling supplies and equipment, such as liner and
casing, cement, valves, hole openers, and various drilling bits.

The drilling phase was planned to be fairly conventional. In order to bore
the well, the drilling contractor would use a rotary drilling rig, hole openers,
various bits, and additional drill collars. As the drilling proceeded, fluid
mud would be injected into the hole to cool and lubricate the bit and to
remove the cuttings. It was anticipated that this process could penetrate the
most difficult rock formations to a depth of 6000 ft (1829 m).

To encase the well, a series of steel tubes, called ‘‘casings,”” would be
inserted into the hole. From the surface to a depth of 8 ft (2.4 m), a 30-in.
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TABLE 6.4. HGP CASING PROGRAM
FOR THE GEOTHERMALL WELL.

CASING DIAMETER DEPTH
Conductor pipe 30 in. (76 cm) 0-8 ft (0-2.4 m)
Surface casing 20 in. (51 cm) 3-400 ft (0.9-120 m)
Anchor casing 13 % in. (34 cm) 3-1000 ft (0.9-304 m)
Production 9 % in. (23 cm)  3-2500 ft (0.9-762 m)
casing
Liner 7 % in. (18 cm)  2500-6000 ft (762-1829 m)

(76.2-cm)-diameter conductor pipe would be placed into and cemented to
the sides of the bore. A 20-in. (50.8-cm)-diameter surface casing would then
be inserted into and cemented to the sides of the conductor casing. This
would extend from a depth of 3-400 ft (0.9-122 m), with the length of the
casing below 8 ft (2.4 m) cemented to the sides of the hole. Another steel
tube would then be inserted into and cemented to the surface casing. Into
this steel tube another steel tube would be inserted; finally, if the drilling
struck a geothermal reservoir, a slotted liner extending to a depth of 6000
ft (1829 m) would complete the well. Table 6.4 and Figure 6.9 elaborate on
the planned well construction.

The final phase of the drilling program was site restoration. As planned,
the contractor would have full responsibility for removing all equipment,
disposing of all surplus supplies, and restoring the site.

The testing program, which Kingston completed in August 1975, was
based on KRTA’s experience in different settings throughout the world. It
was intended to be cost effective while producing all of the necessary data.
As stated in the testing program:

The testing program which is recommended in this report is based on
the experience which has been accumulated in the development of the
geothermal fields in New Zealand. A similar program is now also being
applied in many other countries including the Philippines, Indonesia,
Chile, Kenya, Turkey and Nicaragua. The aim of the program is to pro-
duce the most useful and factual information which can be obtained from
the well, in the most economical manner, and in the minimum time."

The testing program was divided into three stages: (1) drilling tests, (2)
drilling completion tests, and (3) output tests.

1. The drilling tests would be conducted during the actual drilling and
would help determine how deep to drill and whether there was sufficient
geothermal potential to complete the well. Two general types of data would
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Figure 6.9. The well casing program.

be collected: lithologic data and drilling logs. To derive the area’s lithology,
geologists would take core samples from the well at approximately 700-ft
(213-m) intervals and cuttings at 5-10 ft (1.5-3-m) intervals. These samples
would then be used to complete petrographic and geochemical analyses,



118 PROJECT PLANNING AND MANAGEMENT

which would indicate the structure, composition, and sequence of the for-
mation. The drilling logs, which included neutron, gamma, resistivity, and
temperature surveys, would help determine the well’s permeability, poros-
ity, and temperatures at various depths. A cement bond log would also be
taken to determine if the cement used for the casing was completely intact.
Any flaws or gaps in the cement would have to be corrected with special
equipment.

2. Drilling completion tests would be conducted after the well was
drilled; they would consist of water loss tests, baseline temperature and
pressure measurements, and well starting. The water loss tests were in-
tended to determine the well’s permeable zones. To locate these zones, re-
searchers would pump water down the well and take a temperature profile.
A gradual change in temperature would indicate uniform permeability,
while a sudden change would indicate a major zone of permeability at or
just above the depth of the temperature change.

After locating the possible zones of permeability, the HGP test research-
ers would try to determine the levels of permeability by pumping water into
the well at rates of 100, 200, and 300 gal (380, 760, and 1140 I) per minute.
If the rise in water pressure was high, this would mean that water in the
permeable zones was unable to flow freely out of the well. This would imply
low permeability, with the surrounding rock formation devoid of fissures,
fractures, or cracks that would allow a constant flow of geothermal fluid.
Lack of permeability would mean that the well was nonproductive.

The temperature and pressure of the well would be recorded at regular
intervals. When these were stable, they would be the baseline against which
all subsequent temperatures and pressures would be compared.

The final aspect of completion testing was to actually start the well. In
this process, researchers would remove the top layers of water with com-
pressed air. This would reduce the weight of the column of liquid in the
well and enable the pressure from the steam and heat to force the bottom
layers of geothermal fluid to flow out of the well naturally and continu-
ously. Once the flow was established, the master valve would be closed and
the flow would be shut off.

3. After pressure and temperature had stabilized following the initial well
starting, output tests could begin. During output tests, the well would be
allowed to flow continuously for periods varying between 7 and 90 days.
During each of these periods, the temperature, pressure, mass flow rate,
and heat flow rate of the geothermal discharge would be measured. These
measurements over time would help indicate the well’s electrical power po-
tential and life expectancy. The researchers would also collect water and gas
samples in order to monitor the chemical discharge of the well.

When Kingston submitted drilling and testing programs to the HGP in
late August 1975, the drilling subcontract was still being negotiated. The
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major problem was that WRI was the only bidder, and thus there could be
no competitive evaluation. Additionally, the project was jointly funded by
the federal government and the State of Hawaii. The acting agencies,
ERDA, and the University of Hawaii could not completely agree on what
constituted acceptable criteria for evaluating a single source bid. Thus nego-
tiations dragged on.

Meanwhile, John Shupe, HGP project director, decided to mobilize the
project. He released available funds from the project budget to grade and
compact the drill site, to construct the drill rig foundation, and to begin
other site preparations. WRI similarly began mobilizing. They purchased a
new drill rig and began moving it to the project site. By committing large
sums prior to the conclusion of negotiations, Shupe and WRI assumed a
substantial risk. If the negotiations failed, WRI could go bankrupt and
HGP could face litigation. Both, however, were confident that points of
contention would be resolved satisfactorily. Furthermore, the project was
behind schedule, and if they did not begin mobilizing in September, the
drilling could not begin until February 1976. It was thus decided to take the
calculated risk.

Through September, contract negotiations dragged on. WRI continued
to provide the information requested by the ERDA and the University of
Hawaii; Shupe attempted to mediate and clarify the situation. But federal
regulations concerning audit and review processes prevented a swift award
of the contract to WRI. Later in the month, R. Kingston, the manager of
KRTA, made another trip to Hawaii to help resolve the difficulties. He
discussed the subject with the auditors and discovered that they needed
more data concerning WRI’s cost accounting and the estimated time needed
to complete the drilling. The drilling time was particularly crucial because
WRI charged—as was standard practice—by the drilling time expended
rather than by the depth of penetration. The estimated drilling time was
based on WRI’s previous experience in drilling Hawaii’s only deep geo-
thermal well. For that well, drilling had averaged 100 ft (30 m) per day.
Despite the fact that the HGP well required a hole of considerably greater
diameter, WRI assumed that it could maintain that rate because it had pur-
chased an improved drill rig that would increase efficiency.

The federal auditors, however, still could not approve the contract be-
cause they had difficulty in auditing WRI’s records, upon which all costs
were based. Finally, after correspondence between Shupe and the ERDA,
the ERDA manager of geothermal development made a special trip to Ha-
waii to approve the contract. The contract was formally awarded to WRI
in November 1975. A summary of the contract’s financial accounting ap-
pears in Table 6.5.

In December 1975, just prior to beginning the drilling operation, the
HGP was organized much as it had been in February 1974. John Shupe was
the overall project director and director of the management program. Each
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TABLE 6.5. SUBCONTRACT FOR DRILLING OPERATIONS.

CONTRACT ESTIMATE

Mobilization $120,192
Water reservoir 48,077
Casing (to 3500 ft) (1067 m) 100,000
Consumable materials (to 6000 ft) (1829 m) (bits, mud, cement, 202,431
etc.)

Well-testing equipment and services 50,000
Well drilling, 0-3500 ft (1067 m) 199,185
Well drilling, 3500-6000 ft (1067-1829 m) 149,500
Demobilization 9,615
Contingency 100,000

Total US$979,000

of the HGP’s other programs continued to be guided by the original coor-
dinators: Augustine Furumoto directed the geophysics program; Paul Yuen
directed the engineering program; Robert Kamins directed the environmen-
tal/socioeconomic program; and Gordon Macdonald directed the drilling
program. Each coordinator retained fiscal and operational autonomy for
his program, and Shupe provided the overall coordination, direction, and
leadership. Additionally, each of the program coordinators, along with the
project director, shared responsibility as co-principal investigators of the
grant.

Administrative responsibility for each of the programs was held by each
of the coordinators. But since the drilling was subcontracted, authority over
the drilling program was fragmented. Macdonald, as coordinator of the
drilling program, was responsible for all scientific decisions, such as what
tests to conduct and when. The drilling consulting firm, KRTA, was respon-
sible for recommending specific technical decisions during the drilling; and
KRTA provided one employee, Warwick Tracey, as the on-the-job drilling
supervisor. The drilling contractor, WRI, was responsible for the daily op-
erational activities of drilling, such as supervising the drilling crew, oversee-
ing the equipment changes, and implementing the operational decisions.
E. Craddick, president of WRI, would be at the drill site to oversee these
duties.

Some of these responsibilities overlapped. For example, any scientific de-
cision, such as when to take a core sample, impinged upon the drilling
supervisor’s ability to make technical drilling decisions. Sometimes it might
be impractical to stop drilling in order to take a core sample. Thus, a techni-
cal decision would have to be made that might conflict with a scientific
decision. Furthermore, KRTA’s drilling supervisor could make recommen-
dations to the contractor about the drilling process, but the contractor was
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directly responsible for the drilling crews and the operations. KRTA recog-
nized these potential overlapping jurisdictions and, to some extent, tried to
clarify them. In the testing program KRTA had stated:

The University of Hawaii will appoint to the project a Drilling Manager
and a Geologist who will supervise the drilling of the well through the
Contractor. They will offer guidance and assistance to the Contractor,
but in no way will this relieve the Contractor of the responsibility for the
drilling operations. The Contractor is required to provide at all times
supervision by a competent toolpusher, and skilled crews experienced in
the operations of a drilling rig of this scale.!*

Even with this clarification, the overlapping authority was bound to create
some confusion. Thus, during the actual drilling, the HGP project director
referred and resolved any differences among the drilling program team rep-
resentative, the drilling supervisor, and the contractor. Figure 6.10 illus-
trates the HGP’s organizational structure, as well as its major funding
sources in 1975.

Another administrative difficulty concerning the drilling was that some
of the key people would not be at the drill site. The project director had
a dual appointment as the University of Hawaii’s Dean of the School of
Engineering; he would have to remain on the island of Oahu. Similarly, the
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Figure 6.10. Funding for and Organization of HGP (1975).
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coordinator of the drilling program would not be at the site after January
1976. He would have to return to his teaching duties at the University of
Hawaii campus on Oahu. However, plans were worked out to alleviate this
situation. Either the project director or the drilling program coordinator
would visit the site once a week and would communicate with on-site per-
sonnel daily. Finally, other project staff would be at the site. D. Palmiter,
a graduate assistant with Macdonald, would represent the drilling program,
and HGP project members from the University of Hawaii campus on the
island of Hawaii would help with the drilling. One person in particular, Bill
Chen, a professor of engineering at the University of Hawaii’s Hilo cam-
pus, was a key member of HGP’s engineering program; he would help with
the engineering aspects of the drilling.

OPERATION, CONTROL, AND HANDOVER

Operation: Drilling and Testing Program

The well site was dedicated on November 22, 1975, and final preparations
were made for the drilling operation. WRI assembled the rig, completed
installation of the plumbing, wired the electrical fixtures, lined the water
reservoir, filled it with 180,000 gallons of water, finished constructing the
mud pit, and transported to the site equipment such as drill bits, pipes, and
casing materials.

Initial Drilling. Drilling commenced on December 10, 1975, but progress
was slow because the 1955 lava flows had formed a hard basalt layer over
the drill site. Drilling of the first 400 ft (122 m) was particularly time-con-
suming. Only limited weight could be placed on the bit, as it would not
remain vertical. Further delays were caused by the high standards of the
casing program, which stipulated that a 20-in. (51-cm)-diameter surface cas-
ing be installed from the surface to a depth of 400 ft (122 m). This meant
that WRI initially had to drill into the lava with a 9-in. (23-cm) bit and then
use hole openers to enlarge the bore progressively to 15, 20, and 26 in. (38,
51, and 66 cm). In early January 1976, the project director realized that this
laborious process had put the drilling far behind schedule. He therefore
conferred with the drilling supervisor from KRTA and then called Kingston,
inquiring about the advisability of abandoning the 20-in. (51-cm) surface
casing and proceeding directly to install and cement in the 13-in. (33-cm)
anchor casing. Kingston consulted with his staff and with geothermal ex-
perts from the New Zealand government’s Ministry of Works. Their con-
sensus was that if a productive geothermal resource was discovered, the 20-
in. (51-cm) surface casing would be necessary to prevent blowouts. Kings-
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ton thus strongly recommended that HGP adhere to the original casing pro-
gram.

The project director thereupon decided to continue with the original plan.
The hole was drilled to a depth of 400 ft (122m) and enlarged progressively
with the 15-, 20-, and 26-in. (38-, 51-, and 66-cm) hole openers. Finally,
the surface casing was inserted into the hole and cemented in. This time-
consuming process lasted until early February; it had taken nearly two
months to complete the first 400 ft (122 m) of the well.

Although the drilling proceeded much more quickly in March, it was still
considerably behind schedule, as numerous operational difficulties were en-
countered. At one point, six bolts on the rig jack were sheared off and the
rig had to be closed down; at another time, the chain drive linking two
drawwork engines broke and had to be repaired; at still another time, the
pump and generator engines had to be overhauled because of continuous
usage; and, as a routine matter, the drill bits deteriorated rapidly in the
dense lava. Additionally, numerous core samples and cuttings had to be
taken. Although the coring was necessary and planned for, it was still time-
consuming and added to the pressures of the drilling schedule.

From an administrative perspective, the drilling problems were handled
within the overall framework of HGP’s drilling supervision, which, as pre-
viously noted, was fragmented. For purely scientific decisions, such as when
to take a core, Macdonald, the director of HGP’s drilling program, made
all decisions. After Macdonald returned to his teaching duties in January
1976, the scientific decisions were made by his on-the-job assistant,
D. Palmiter, who called Macdonald daily concerning the scientific investiga-
tions.

For simple operational problems, E. Craddick, WRI president and the
on-site drilling contractor, made the decisions. In complex and difficult dril-
ling situations, Craddick consulted with Warwick Tracey, who was both the
on-the-job KRTA consultant and the drilling supervisor. However, since the
duties, responsibilities, and overall authority of the drilling supervisor and
contractor were not absolutely defined, some conflicts arose when there was
a difference of opinion. In one situation, for example, WRI’s 20-in. (51-
cm) hole opener had to be inserted into the same-sized surface casing in
order to continue enlarging the hole for the anchor casing. The hole opener
would not fit, so the drilling supervisor recommended that the contractor
undercut the periphery of the cutters and then build them back up again
with hard facing electrodes. The contractor, however, decided to simply cut
off the periphery and remove the hard facing of the cutters.

Whenever there was a difference of opinion on critical activity, the dril-
ling supervisor had to call Shupe and Kingston. For example, in February
and March 1976, the drilling supervisor recommended that the contractor
clean up the site and make adequate provisions for the disposal of reject
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mud and cuttings from the drilling. No site clean-up, however, was under-
taken. This forced the drilling supervisor to write to Shupe and Kingston:

Disposal of reject mud and cuttings is still a major problem, and as a
result, the site is a mess. The contractor does not seem to appreciate the
magnitude of the problem, and his disposal gear is primitive, if not inade-
quate.'®

Shupe and Kingston then conferred with the contractor, who agreed to im-
prove the disposal of reject mud and cuttings. If the problem was serious
enough, an on-site conference would be held. In resolving the casing pro-
gram, for example, Shupe contacted Kingston and arranged for him to fly
in from New Zealand to meet at the drill site. Prior to the conference, Shupe
conferred with the other HGP program coordinators.

During February and March 1976, two significant problems arose which
went beyond the scope of the operational drilling management. First, on
March 18, HGP project staff projected that an additional US$257,000 was
required to complete drilling the well to the planned goal of 6400 ft (1951
m). The deficit had occurred because installing the surface casing had taken
more drilling time than was originally estimated. Since payment to WRI
was based on actual drilling time, the underestimate created a deficit that
would force a halt to the drilling if additional funds were not secured.

The project director first contacted the ERDA and, after clarifying the
situation through a letter and several phone conversations, received an addi-
tional US$150,000. The ERDA was extremely supportive because the well
was so close to completion. WRI was also anxious to have a successful well,
and agreed to donate US$60,000 of its time to finish the job. Finally, the
project director met with the program coordinators. He had previously in-
formed them of the drilling deficit and had discussed the possibility of real-
locating funds. Now he stressed that the probability of encountering a pro-
ductive geothermal resource would be increased if the well was drilled to its
original target depth. Moreover, the ERDA, the funding agency, was ex-
tremely interested in completing the drill to the planned depth. The program
coordinator thus agreed to shift US$47,000 from the research programs to
the drilling.

The second significant problem centered on the differences of opinion
within the HGP. As discussed earlier, there was a lack of unanimity on
many of the HGP policy decisions. There had never been, for example,
unanimous agreement on the decision to establish a drilling program or
where to locate the drill site. Now, during the drilling, there was still some
difference of opinion about the potential of the site. The geophysics pro-
gram coordinator, after examining more data, believed that the drilling
should be terminated at about 4000 ft (1200 m). His reasons included the
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fact (1) that if a geothermal reservoir existed, it should be located between
the water table and the dike complex and (2) that gravity, magnetic, and
deformation data now indicated that the top of the dike complex was sit-
uated at depths between 1640 and 4000 ft (500 and 1220 m).!¢

The drilling program coordinator had a different opinion. He believed
that drilling only to 4000 ft (1220 m) was meaningless for the following
reasons: (1) the purpose of drilling was to discover whether rocks or struc-
tures favorable to a geothermal reservoir existed at a depth of 6000 ft (1829
m), (2) there were many dikes in the rift zone, which could be located at
any depth below the dike complex, and (3) there was a possibility of a geo-
thermal reservoir in the interdike compartments below 4000 ft."”

The issue was resolved in a series of meetings and discussions among the
project director and the program coordinators. It was decided that since
there was enough money for only one deep drill, it would be counterproduc-
tive to stop just when the most difficult portions of the well had been com-
pleted.

Completing the Drilling. In early April 1976, after the production casing
was installed to a depth of 2200 ft (671 m), the drilling proceeded rapidly.
By April 27, the well was drilled to its target depth of 6400 ft (1951 m). The
final 4200 ft (1200 m) of the well had been bored in less than three weeks,
with no difficulties or significant problems. Since the temperature of the
drilling mud at 6000 ft (1829 m) was about 145°F (63°C) and was increasing
as time passed, it was known that the well was hot. However, it was not
known how hot it was or whether it was productive.

The first measurements, the well logs, were conducted in late April, after
the well had been drilled to its target depth. WRI used its own Gear-
hart-Owen equipment and hired an operator to conduct neutron, gamma,
self-potential, and resistivity logs; these logs would provide indications of
the formation’s permeability and porosity. Temperature logs were also
taken; they indicated that at a depth of 4000 ft (1220 m), the well temper-
ature exceeded 300°F (135°C), the upper limit of the equipment. Thus, the
precise temperatures were unknown, but it was certain that they were favor-
able.

The contractor then conducted a cement bond log, which determined the
integrity of the concrete used to cement the casing. Any flaws in the con-
crete would have to be corrected before completion of the well. The cement
bond log indicated a lack of bond, and, by implication, gaps in the cement-
ing, from 40 to 220 ft (12 to 67 m) and from 320 to 868 ft (97 to 264 m).

Following the well logging, an HGP staff meeting was held and it was
determined that three tasks would have to be undertaken. First, the gaps in
the cementing of the casing would have to be filled; otherwise the well’s
steam pressure and thermal stresses could severely damage the casing. The
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gaps would have to be filled before proceeding further. Second, a slotted
liner—a 7%-in. (18-cm)-diameter steel tube with eight slots per foot (0.3
m)—would have to be run into the well from a depth of 2200 to 6400 ft
(670 to 1951 m). The slotted liner was essential. It would prevent the well’s
bottom uncased section from caving in, and its 2 X % in. (5 x 1.9 cm)
slots would allow steam or hot water to enter the tube from the side and be
transported to the surface. Third, the drilling completion tests would have
to be conducted.

These three tasks would require funds above and beyond the HGP’s bud-
get, since all funds had already been used to complete the drilling. It was
estimated that an additional $248,000 would be needed. The project direc-
tor therefore again contacted ERDA officials, and they invited him to
present a progress report on the drilling at a meeting of the ERDA Geo-
thermal Coordinating Group in late April. At the meeting, the progress of
the drilling was reviewed and requests were made for additional funds to
complete the well and to conduct tests. Additional funds were promised;
the director then returned to Hawaii and ordered 4,500 ft (1,373 m) of slot-
ted liner. Arrangements were also made to remedy the gaps in the casing.

Later that month, ERDA officials formally notified the HGP that they
were releasing US$85,000 immediately, as well as an additional US$175,000
as soon as it could be transferred from the central office in Washington.
They also mentioned that they would provide a further US$300,000 in 1977
to test the well comprehensively.

Completing the Well. After the money was secured in early May 1976,
Gearhart-Owen perforating equipment and personnel were contracted to
fill the gaps in the casing. Also purchased were the valves, gauges, and
drilling rig time necessary to install the slotted liner and complete the well-
head plumbing. Finally, the project director arranged for KRTA to continue
as consultants, and he released funds to purchase testing equipment such
as separators and sampling bottles.

The special equipment and operators necessary to fill the voids in the
cementing were not available until late May, so work on the well was halted
for three weeks. Then, in late May, the special personnel and equipment
arrived and the correcting of the casing gaps began. Within a four-day pe-
riod, the special operators perforated the cement with controlled explosive
charges and forced cement through the perforations into the cementing
gaps. The contractor then ran a cement bond log and determined that the
gaps were filled. :

In early June, the slotted liner was inserted into the well without any
problems. The contractor first used water to cool the hot mud, which had
hardened in the bottom of the well, and then obtained circulation. Next,
the bottom sections of the well were reamed out and the slotted liner was
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run into the well from 2200 to 6400 ft (671 to 1951 m). After the liner was
installed, the mud in it was flushed out, and the wellhead plumbing, includ-
ing the side and master valves, were installed.

While WRI was completing the well in June, the HGP project staff, aided
by KRTA, conducted the drilling completion tests. HGP project staff, di-
rected by Bill Chen, first did a survey of the well’s baseline temperatures.
The temperature at 4000 ft (1219 m) was about 338°F (170°C); between
4400 and 6000 ft (1341 to 1829 m) it remained constant, ranging between
464 and 482°F (240 and 250°C); and below 6000 ft (1829 m) it exceeded
500°F (260°C). Subsequent temperature surveys, conducted before and
after the water pumpdown tests, indicated that the well was continually
getting hotter as more and more of the drilling and mud cuttings were
cleared from the liner. On June 15, eight days after the second pumpdown
tests, the temperature at 4000 ft (1219 m) was nearly 572°F (300°C); and
at 6400 ft (1951 m) it exceeded 608°F (320°C).

The other significant completion test was the water loss or pumpdown
test, indicating the level of permeability. To conduct this test, HGP re-
searchers pumped water into the well at rates of 0, 100, 200, and 300 gal
(0, 380, 760, and 1140 1) per minute and simultaneously measured the back
pressure with a Kuster pressure gauge. If the pressure increased over 150
psi, this would indicate very poor permeability and a nonproducing well.

The initial measurements indicated that the rise in pressure when water
was pumped into the well between 0 and 300 gal (1140 1) per minute ex-
ceeded 700 psi. More pumpdown tests were conducted because the high
back pressure could have been created by drilling mud or cuttings obstruct-
ing the slotted liner and preventing the inflow of geothermal fluid. How-
ever, subsequent tests also indicated high rises in pressure and relatively
impermeable conditions (see Table 6.6).

Following these tests, WRI demobilized its part of HGP. Employees
cleaned the site, removed excess material, removed drilling equipment, and
dismantled the rig. However, the most dramatic aspect of the drilling com-
pletion test still remained to be done—starting the well.

On June 22, members of HGP’s engineering program, who would con-
duct the output tests, attempted to start the well by airlifting. A hose at-
tached to an air compressor was inserted into the well, and the compressor
was started. The compressed air then evacuated the upper layers of cold
liquid to lighten the well’s liquid column, allowing it to be heated by the
hot geothermal fluid and steam at the bottom. The first attempts to start
the well were unsuccessful. Finally, on July 2, 1976, the well was flashed
and allowed to flow for five minutes.

With the initial flashing of the well, the drilling completion tests were
concluded. However, the HGP would still have to conduct the formal well
tests to determine the well’s potential and productivity.
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TABLE 6.6. SUMMARY OF THE PUMPDOWN TEST.

DATE GPM TIME OF FLOW (min)  VOLUME (gal) BACK PRESSURE (psig)
June 6 340 46 15,640 700+
June 6 108 105 11,340 500+
June 6 108 60 6,480 500+
June 6 200 55 11,000 600 +
June 6 300 70 21,000 700+
June 6 530 10 5,300 750+
June 6 630 7 4,410 800+
June 6 300 8 2,400 700+
June 6 200 5 1,000 600 +
June 6 100 6 600 500+
June 7 300 3 900 —
June 7 100 180 18,000 300

Total 98,070 gal

Source: ‘“The Hawaii Geothermal Project,”” HGP-A Reservoir Engineering, September 1978, p. 7.

The Testing Period. The testing period of the HGP-A well lasted from
July 1976 to June 1978 and was funded by the ERDA, which in 1977 was
consolidated into the national Department of Energy (DOE), and the State
of Hawaii.* The total funds that these sources awarded to the HGP
amounted to US$439,000 during this time period.

The top priority during this period was, of course, well testing, and each
of the programs was redirected accordingly. The project director, although
still responsible for the overall management, coordination, and leadership
of HGP, now increasingly concentrated on policy making, planning, and
strategy for future geothermal power development in Hawaii. The HGP
Executive Committee would also continue to play a large role in policy mak-
ing for the future.

The engineering program, assigned the responsibility of conducting the
well tests, became the most visible, as well as the most heavily funded, pro-
gram. Consistent with previous policy, Paul Yuen, the engineering program
director, had responsibility for allocating funds and making substantive
program decisions. Bill Chen would be at the site to supervise the tests.

The geophysics program was consolidated into a geoscience program. Re-
searchers for the new program would not only synthesize the geological,
geophysical, and geochemical surveys into an integrated interpretation but
would also oversee all new scientific inquiries, such as environmental moni-
toring and measuring physical samples from the well tests. The change in

*It was decided that if the well was successful it would be named in honor of Agatin Abbott,
the initial drilling program coordinator, who died on July 31, 1975. Hence, the *‘A’’ in HGP-
A stands for Abbott.
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program designation thus reflected the program’s broader and more encom-
passing scope. Named as coordinator of the new program was Charles Hel-
sley. Helsley was a professor of geology and geophysics and was also the
newly recruited director of the Hawaii Institute of Geophysics. Because he
had worked previously with other deep drills, it was believed that he had
the knowledge and experience necessary to synthesize all of the geological
and geophysical data into an integrated interpretation. This was particularly
important since there had been many conflicting interpretations and none
were completely consistent with the actual findings from the drilling.

The environmental/socioeconomic program was nearing completion of
its research activities and would be phased out by Robert Kamins, the direc-
tor, after two crucial reports were finished. These reports were (1) an envi-
ronmental baseline study of the Puna area and (2) an assessment of geo-
thermal development in Puna. Kamins expected both reports to be
completed by January 1977.

Initiating the OQutput Well Tests. In July 1976, after the well had stabil-
ized, the engineering program’s researchers prepared to conduct the output
tests to determine the well’s potential productivity and life span. As de-
scribed by KRTA in the testing program, the well would be allowed to dis-
charge continuously for extended periods, during which the temperature,
volume, pressure, and chemical content of the discharge would be meas-
ured. After the discharge period the well would be shut down, and over the
next few weeks researchers would record the well’s temperature and pres-
sure at various depths. If the well temperature and pressure recovered rap-
idly, this would indicate a potentially large reservoir.

The first extended discharge test was scheduled for July 22. Since a good
deal of public enthusiasm and attention was now focused on the project, it
was planned to be a four-hour public display. In this regard, the HGP had
been primarily a research project, with no tangible product to capture the
imagination. But now, there was more than an exciting idea: The HGP
could actually display, for the first time in Hawaii, human-controlled geo-
thermal energy. The public display was dramatic and impressive. Flowing
continuously for four hours, the well sent geysers of steam and liquid over
100 ft (30.5 m) into the air. Because no muffling or silencer was installed
for the first test, the noise exceeded 122 dB—the sound of a 747 at takeoff.

The test results themselves were very promising and even exceeded the
expectations of the KRTA consultants. Lip temperature exceeded 302°F
(150°C) for the entire four hours, and lip pressure from the 6-in. (15-cm)
discharge pipe was 23 psig at the end of four hours. Subsequent temperature
surveys indicated that the well recovered in about seven days and that the
major production zones occurred between 3500 and 4500 ft (1067-1372 m)
and at 6400 ft (1951m).
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Based on the test results, the engineering program researchers were able
to make some tentative conclusions. First, based on the data, they deduced
that the well had a mass flow rate of 166,000 Ib/hr. Assuming an enthalpy
of 800 BTU/1b and 15 percent efficiency, the well could generate S MW of
electricity. They also noted that fluid and steam were flowing naturally into
the slotted liner, indicating that there was greater permeability than they
had assumed from the water loss tests. Longer tests, however, would have
to be conducted before any conclusions could be made about the well’s
productivity.

Before conducting such tests, however, the engineering researchers would
have to construct more elaborate testing equipment. Thus, over the summer
of 1976, the researchers added to the well a silencer-separator to muffle the
loud noise of the discharge and to separate the water from the steam. Also
added to the well were a twin cyclone sampler, which would obtain gas and
water samples for chemical analysis, and a calorimeter to measure specific
enthalpy. Figure 6.11 illustrates these instruments on the well.

Extended Flow Tests: Problems and Progress. In November 1977, with
the new instruments and equipment installed, HGP researchers conducted
a two-week test flow. The results were extremely encouraging, demonstrat-
ing that the well was capable of discharging continuously for a two-week
period. Most prominently, well output stabilized after 25 hours. HGP re-
searchers collected other data, such as noise level, temperature, steam qual-
ity, and water and gas samples; they also calculated the enthalpy of the
discharge and its thermal power (see the Evaluation for complete data). By
the end of 25 hours of continuous discharge, thermal power had stabilized
at about 22 MW, and at the end of the test it was still at 20 MW. Thus, in
terms of demonstrating the well’s generating power, the November tests
Were a success.

However, since the tests were being conducted for the first time under
real-world conditions, they also introduced a new issue—the well’s impact
on and interrelationship with the human community in Puna. This issue
was underscored by the land use near the well. North and south of the well
were undeveloped areas covered by recent lava flows and sparse vegetation.
But to the east and west there were homes. Twelve families lived within 1
mi of the well, and within 2 mi there were several residential tracts that were
being developed. The largest of these tracts was Leilani Estates, with a total
of 2146 house lots.'® Although only 50 families were then living there, they
had formed an active community association that represented 2036 of the
owners of the lots.’” Two other residential tracts nearby included Lanipuna
Gardens and Nanawele Estates; both had few actual residents but both were
being planned for development. Within the immediate vicinity of the well
there is also a state park and one paved road, usually with very light traffic
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(see Figure 6.12). A statement from the environmental baseline study gives
one an idea of the setting:

In most hours of most days, the quiet of the roads in this portion of the
Puna District is not much disturbed by passenger cars, or by an occa-
sional truck or bus, most of them traversing the distance to beaches on
the Puna Coast. (The well drilling itself generated a fair amount of traf-
fic, not only from the dozen members of the drill crew and scientist ob-
servers, but also from some tour buses, whose operators were glad to
find a drilling rig to add to the attractions of tourism in this outstandingly
quiet corner of the Island of Hawaii.)*

Farther from the well site, but within a radius of several miles, are the
communities of Pahoa, Kapoho, Opihikao, Kalapana, and Kaipu. Many of
the residents of these communities are indigenous Hawaiians, who have
lived in Puna for generations and who have adopted a rural agricultural
lifestyle. The entire Puna District, in fact, is predominantly rural and agri-
cultural. There are extensive cultivated fields of sugar cane and papaya,
with smaller areas utilized for growing guavas, oranges, and macadamia
nuts. Additionally, there are several small family enterprises growing tropi-
cal plants, such as anthuriums and orchids. Interspersed between the vil-
lages and the low-density residential tracts are areas of lush tropical vegeta-
tion, conservation zones, and several forest reserves (see Figure 6.13). In
sum, the Puna District maintains a somewhat traditional rural Hawaiian
setting. It is sparsely populated, little developed, primarily agricultural, and
outstandingly quiet.

In this setting, the November flow tests began. And, within a few days,
the Leilani Community Association objected vigorously to the noise from
the well’s discharge. The well had been muffled since the July test, which
created a noise of 122 dB, but even with the muffler, the sound at the road-
side was 87 dB, while 1 mi away it was projected to be 70 dB and at 2 mi,
40 dB. The Environmental Protection Agency (EPA) recommended 55 dB
as a tolerable daytime level for residential areas, but the well discharged
continuously and in an extremely quiet environment. At this point, the com-
munity association contacted their city council representative and state offi-
cials, demanding that the tests be halted. One resident stated that the noise
was intolerable; he described the sound as a ‘‘bloodcurdling banshee howl.”’
Other residents pointed out that the area was outstandingly quiet and that
many of them had moved there for just that reason. Moreover, their whole
way of life was being disrupted by the nuisance of the noise. The county
officials responded that they would try to help. But after investigating the
problem, they discovered that there were no noise standards governing resi-
dential areas on Hawaii. Thus, the county officials called the HGP and
asked them to confer with the residents of the area.
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Figure 6.12. Land use within the immediate vicinity of HGP-A.

Eventually, the project director met with the residents and agreed to try
to improve the muffling on the well. He pointed out, however, that the well
was experimental and that the tests would be a nuisance for only a limited
time. To cooperate further with the residents, Bill Chen, who lived on the
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Figure 6.13. Puna District.

island and was helping to oversee the tests, agreed to confer with them
before the tests and to meet with them when they so wished.

Well Tests in December 1976 and January-February 1977. In December
1976 the engineering program researchers conducted a flow test to obtain
downhole temperature and pressure measurements while the well was dis-
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charging. The tests revealed that the downhole temperatures approached
662°F (350°C), one of the highest temperatures ever recorded in a geo-
thermal well. Also encouraging were measurements showing that the well’s
temperature, pressure, and mass flow rate had increased significantly since
the time of the November test.

During the December tests, residents again strenuously objected to the
noise. Additional muffling was put on the well. This satisfied the residents,
and they agreed to a two-week test in late January 1977.

The January tests were intended to determine the well’s potential generat-
ing capacity, using orifice plates of different diameters. This would allow
HGP researchers to determine which orifice was the optimum size to be
used for generating electricity. The results of the test are presented in Table
6.7.

Following the above tests, Paul Yuen and Bill Chen decided that the well
should be tested for a 90-day period in order to collect enough data to
project the well’s electrical generating capacity over a 30-year period. The
test began on March 21, with the discharge line fully open; a few days later,
a 3-in. (7.6-cm) orifice was placed into the line, since this was probably the
discharge diameter that would be used to generate electricity.

Soon after the discharges began, residents of nearby Pahoa, Nanawele
Estates, and Leilani Estates objected vigorously to the well’s odor. The odor
was caused by hydrogen sulfide, which was emitted into the air during dis-
charge. In large amounts, it is lethal; in small amounts, it is obnoxious. It
resembles the odor of rotten eggs, and the human nose is extremely sensitive
to it—able to detect it in quantities as small as 3 ppb. The residents thus
registered complaints with the Hawaii County Council, the State Depart-
ment of Health, and directly with the project director. Some residents com-
plained that the hydrogen sulfide fumes were environmentally dangerous
and that the odor was a health hazard. Others complained of respiratory
problems, while a doctor blamed the fumes for causing an increased inci-
dence of sinus difficulties, asthma, bronchitis, diarrhea, and dermatitis.

A Department of Health representative met with the residents and ex-
plained that there were no ambient air quality regulations for hydrogen
sulfide; there were, however, federal regulations for industry which speci-
fied 10 ppm for an eight-hour day. The HGP well was discharging about 3
ppm. The Department of Health official thus explained that the odor was
a nuisance that would have to be controlled, but that he could not force
the HGP to do anything.

After residents continued to protest, the project director met with the
Leilani Community Association. At the meeting, he emphasized that the
well was still experimental and that this was probably the last time any ex-
tended tests would be conducted before the HGP installed scrubbers to vir-
tually eliminate the odor. He also noted that natural volcanic eruptions were
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intensifying the fumes. However, he did acknowledge the nuisance factor
and agreed that if there was any indication of a health hazard, he would
stop the test immediately. In response, the residents cited numerous health
problems and indicated that their water supply was largely from a rain
catchment system; therefore, any fumes in the air were likely to endanger
their water. After discussing the problems further, it was agreed to shorten
the test period.

The test period was shortened to 42 days and ended on May 9. Although
the full 90-day flow test would have provided considerably more informa-
tion, the engineering program researchers had sufficient data to make some
tentative conclusions about the electrical potential of the well. The most
promising aspect of the data was that the well output had stabilized. Thus,
extrapolations indicated that the well could continue to generate 3 MW of
electricity over a 30-year period (see the Evaluation for complete well test
results).

Completion and Handover

While the engineering program team was conducting the well tests during
1976 and 1977, John Shupe and other members of the HGP were formulat-
ing plans, policies, and strategies for promoting Hawaii’s geothermal en-
ergy development. In mid-1976, in order to begin the planning activities,
Shupe discussed with ERDA officials the possibility of their funding a long-
term, large-scale geothermal program in the State of Hawaii. He discovered
that the ERDA would be reluctant to support any such program for the
following reasons:

1. The ERDA was doubtful that Hawaii’s geothermal energy develop-
ment had relevance and significance for the nation as a whole. In this
respect, the HGP had emphasized the importance of obtaining geo-
thermal knowledge of the island’s volcanic regimes but had never em-
phasized the potential national spinoffs of such research. If Hawaii
was to continue to receive federal funds, a strong case would have to
be made for its contribution to the nation’s geothermal energy devel-
opment.

2. Since the ERDA was a national federal agency, it was concerned that
the concentration of support—over US$2,000,000 thus far—to one
geographical location was unbalanced. Requests for support of geo-
thermal projects had been received from over 100 locations, and many
would not be funded if Hawaii received a disproportionately large
share of the national budget.

3. Finally, the ERDA was skeptical about funding development projects
through universities because its objectives were application and utili-



138 PROJECT PLANNING AND MANAGEMENT

zation. The more practical and effective approach, which was nor-
mally ERDA policy, was to fund projects through industrial and other
real-world organizations, such as utility companies and energy-related
corporations.

Since ERDA funding was essential to future geothermal development ef-
forts, Shupe prepared a number of recommendations that addressed these
concerns. For the immediate future, he had two suggestions. First, he rec-
ommended that the HGP be dissolved at the end of 1977, following the
completion of the final research reports. However, an essential corollary to
HGP’s dissolution would be the formation of a geothermal development
consortium, composed of the Hawaii state government, the University of
Hawaii, and the Hawaiian Electric Company. Second, he recommended
that the consortium plan and implement a coordinated program of geo-
thermal research and development for the state, with its first objective being
the construction and operation of a small demonstration plant powered by
the HGP-A well. These two recommendations were intended not only to
satisfy ERDA’s policy of funding real-world projects but also to achieve
HGP’s ultimate goal of generating geothermal electricity on a practical
scale.

These two recommendations required immediate and vigorous action.
Thus, in late 1976, Shupe asked Hideto Kono, the state energy resources
coordinator, to assume the lead role in organizing and directing a geo-
thermal consortium. Kono agreed and formally contacted officials from the
Hawaiian Electric Company and the county of Hawaii. The state and
county governments and the electric company were already cooperating in
the development of geothermal power through their active participation in
the HGP. These groups thus agreed to participate in the consortium, view-
ing it as a natural outgrowth of their cooperation with the HGP and as the
appropriate organization for developing Hawaii’s geothermal power. Also
included in the consortium was the University of Hawaii, represented by
the HGP.

Formally organized in early 1977, the consortium was named the HGP-
A Development Group (HGP-A D/G). Kono was selected as the group’s
executive director, and Shupe was authorized to negotiate for the group in
any dealings with the ERDA. The members of HGP-A D/G held several
meetings early in 1977 and agreed that their immediate goal was to build a
geothermal power facility to demonstrate the feasibility of generating geo-
thermal energy from the HGP-A well. To achieve this goal, the group first
prepared a funding proposal for the ERDA. Each consortium group con-
tributed its special expertise and the state government provided the funds
to contract TRW, Inc., a geothermal consulting firm, to aid in preparing
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the proposal. Completed in April 1977, the proposal was submitted to the
ERDA.

The proposal requested funds to build an experimental geothermal facil-
ity at the site of the HGP well. The facility was envisioned to include three
basic components: (1) the power generation system, (2) the experimental
system, and (3) the support system.

The first component, the power generation system, was to be composed
of a turbine generator, condenser, cooling power, antipollution devices,
electrical conversion and distribution apparatus, and either percolation
ponds or a reinjection well. It was envisioned that the steam and hot fluid
from the well would be piped directly to a separator, where they would be
separated. The hot fluid would then be piped to the reinjection well or to
percolation ponds for disposal, while the steam would be routed to a de-
mister. The demister would remove any remaining moisture in the steam
and then allow the dry steam to exit into the turbine at 52 klb/hr at 160
psig. This would produce 3 MW of electricity.

The electricity would go to a specially constructed substation and would
then be fed into the Hawaii Electric Light Company’s (HELCO) power
grid. However, since the grid at the substation could accept only 2 MW of
electricity, the 1-MW surplus would either be fed into a load bank, where
it would be dissipated, or used to supply the facility’s electrical needs.
Power plant operations were to be handled in a motor control and instru-
mentation center, where the turbine regulator, voltage regulator, voltme-
ters, ammeters, pressure meters, and other process control instruments
would be contained.

The plant was intended to operate in an environmentally sound manner.
The steam used to run the turbine was to be exhausted into a condensor,
where cool water would condense the steam, leaving water for noncondensi-
ble gases. The gas would flow to a cooling tower and, after being cooled,
it would either be piped to the reinjection well or recirculated to the con-
densor. The noncondensible gases, primarily hydrogen sulfide, would be
treated in a pollution abatement system and, when safe, released into the
atmosphere.

The second component of the facility was the experimental system, which
was to consist of three test pads: one to conduct electrical geothermal exper-
iments and two to conduct nonelectrical experiments. The nonelectrical ex-
periments would include testing the environmental effects of geothermal
fluid, developing a heat exchanger, and developing methods for sampling
fluids and gases. The electrical experiments would include testing small geo-
thermal generators, developing a total flow turbine, and evaluating corro-
sion and scaling problems.

The third component of the facility, the support system, was to include
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the supply buildings, the administration offices, the repair and maintenance
areas, the buildings for the power station, the electrical substation, the in-
strumentation and equipment needed to monitor the facility, the electrical
lighting, and all access and service roads. A detailed layout of all three
components would later be integrated into a final design.

Management Plan. The proposal called for three stages of activity. The
first stage was to be devoted to overall planning; specific activities would
include devising a system of project management, drawing up a preliminary
budget and work schedule, and establishing a monitoring program to con-
trol activities. Also during this period, an environmental impact statement
(EIS) would be completed and a design contractor would be selected to
draw up specifications for items such as the turbine generator and pollution
control apparatus. The design contractor was then to integrate the power
system, the research system, and the support system into the design for the
total facility.

The second stage was to be the construction stage. During this stage the
management would evaluate the bids and select an implementation contrac-
tor, who would handle all aspects of the construction. The contractor would
be responsible for all subcontracting and for ensuring that construction
meet design criteria.

The final stage was to be the operation and training phase. The plant
would be operated by HELCO, which would contribute a geothermal engi-
neer to train a staff of technicians and power operators. After the facility
was completed, the staff would operate the station and HELCO would pur-
chase the electricity at the commercial price: In-the proposal, it was esti-
mated that the plant would have a yearly income of US$260,000, which was
enough to pay for all operational expenses while leaving a sizable surplus.

Cost Estimates of the Proposal. Four cost options were included in the
proposal. The first option, costing US$6,447,000 was for the basic facility
as described, using the most modern equipment. The second option, costing
US$5,189,000, was for the basic facility, but using a surplus Westinghouse
turbine generator adapted to geothermal requirements. The third option
assumed the use of the surplus generator and deleted the reinjection well
from the basic facility. It was estimated to cost US$4,655,000. The final
option assumed the use of the surplus generator and deleted both the rein-
jection well and the research facilities. A summary of the costs for each
option is presented in Table 6.8.

Project Completion

While the consortium was negotiating with the ERDA during 1977, the
HGP continued with its own project responsibilities, which increasingly
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TABLE 6.8. HAWAII GEOTHERMAL RESEARCH TEST FACILITY:
ESTIMATED PLANT EQUIPMENT COSTS (US$1000).

OPTION

ITEM 1 2 3 4
1. Turbogenerator 1162.0 200.0 200.0 200.0
2a. Substation 445.7 445.7 445.7 445.7
2b. Instrumentation 126.2 126.2 126.2 126.2
2¢. Load bank 54.6 54.6 54.6 54.6
3. Cooling water circulation system 54.3 54.3 54.3 54.3
4. Steam separator 71.3 71.3 71.3 71.3
5. Demister 16.0 16.0 16.0 16.0
6. H,S abatement 150.0 150.0 150.0 150.0
7. Reinjection equipment 43.8 43.8 10.0 10.0
8. Trailers (two) 61.9 61.9 61.9 61.9
9. Condenser/eductors 61.5 61.5 61.5 61.5
10. Cooling tower 87.5 87.5 87.5 87.5
11. Site preparation 309.2 309.2 309.2 222.2
12. Foundations 128.4 128.4 128.4 105.0
13. Field piping 353.3 353.3 312.1 189.0

14. Remote instrumentation — — — —
15. Injection well 428.7 428.7 107.6 107.6

16. Research facility 866.7 866.7 866.7 0
17. Miscellaneous 226.6 177.3 156.9 100.6

Design costs 689 684 666 544

Construction costs 1111 869 770 493

Total 6447 5189 4655 3100

Source: HGP-A Development Group, Proposal for A Geothermal Electric and Nonelectric Research Facility
Utilizing the HGP-A Well on the Island of Hawaii, Vol. 11, Appendix A. Honolulu, 1977.

centered on the analysis of the data and the completion of final research
reports. The environmental/socioeconomic program was the first to com-
plete its research, formally concluding operations in January 1977 with the
publication of a prototype EIS entitled ‘‘An Assessment of Geothermal De-
velopment in Puna, Hawaii.”” Although the assessment was not represented
as an EIS, it did contain much of the information that would be required in
a formal statement. It contained, for example, the environmental baseline
measures of the chemicals in the Puna District’s air, water, and soil. It also
described the plants and animals indigenous to the area, noting especially
the rare and endangered species. Also included in the assessment was a dis-
cussion of the socioeconomic conditions in Puna, including the residents’
employment pattern, the housing situation, the lifestyle, and the distribu-
tion of the population. Finally, the assessment compared the potential bene-
fits of geothermal development—such as implementation of an alternative
form of energy, creation of more jobs in the area, and utilization of an
indigenous source of energy—with the potential costs, such as the trans-
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formation of agriculturally zoned land to industrial land, an increase in the
noise level, and an increase in the amount of airborne pollutants. Overall,
it was estimated that the benefits of geothermal development were substan-
tially greater than the costs.

As previously indicated, the engineering team completed the well testing
in May 1977. During the remainder of 1977, the engineering team members
analyzed the test results and then, in 1978, published a summary reservoir
engineering report.

Researchers in the geosciences program continued to analyze data from
the earlier geophysical surveys and completed two new research tasks. In
January 1977 the researchers conducted seismic refraction surveys, and in
June 1977 they completed preliminary geochemical and hydrological anal-
yses of the samples from the well flow tests. During the rest of the year,
analysis of all geophysical and geochemical data continued, and attempts
were made to integrate all data into a unified interpretation. Although the
synthesis could not be accomplished during 1977, several research reports
were sent to the Department of Energy in 1978 to summarize the geosciences
work. These summaries included reports of all of the geothermal explo-
rations conducted from 1973 to 1977, including the electrical, magnetic,
gravity, geochemical, seismic, and photogeologic surveys.

The initial plan had been to phase out the HGP upon submission of the
research reports. However, the future of the HGP depended upon the HGP-
A D/G proposal submitted to the ERDA in April 1977. The ERDA itself
was being reorganized into the DOE during 1977, and after the transition
was completed, a decision would be made. The ERDA formally became
the DOE in October 1977, and in November, DOE officials notified the
development group that the DOE would fund the proposal. Specific details
of the proposal would have to be worked out in negotiations with the DOE.

Regardless of the future of the HGP, the responsibility for the develop-
ment of geothermal energy in Hawaii was now transferred to the HGP-A
D/G, which would accomplish the HGP’s ultimate goal of utilizing geo-
thermal energy in Hawaii.

EVALUATION AND REFINEMENT

No formal evaluation of the HGP was conducted. This was because the
HGP was successfully integrated into the HGP-A D/G and therefore be-
came part of the overall effort to develop geothermal power in Hawaii.
From this perspective, the project is ongoing and cannot be evaluated inde-
pendently of the larger development effort, which has yet to be completed.
In this section, then, a summary of the major results of the HGP between
1973 and 1978 will be presented.
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Well Test Results

In terms of accomplishing the goal of discovering an exploitable geothermal
resource, the HGP was a success. The HGP-A well was discovered to be one
of the hottest geothermal wells in the world, with downhole temperatures
reaching 676°F (358°C) (see Figure 6.14 for a temperature profile of the
well). There was a natural two-phase flow into the wellbore, with quality
geothermal fluid and a substantial total flow rate. (See Table 6.9 for a com-
plete statistical profile.)
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Figure 6.14. Temperature profile of the HGP-A well.
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TABLE 6.9. HGP-A DISCHARGE RESULTS.

NOVEMBER  DECEMBER JANUARY MARCH

Wellhead pressure (psig) 47 53 59 59
Wellhead temperature (°C) 146 150 151 153
Mass flow rate (klb/hr) 88 103 114 120
Steam flow rate (klb/hr) 60 64 72 75
Steam quality (%)° 68 62 63 62
Electric power

potential (MWe) 34 3.8 43 4.5

“Steam fraction.

Based on the data collected from the well tests, it was estimated that
HGP-A could generate 3 MW of electricity for a 30-year period. Table 6.10
shows the power projections for the well. It was also estimated that the
entire reservoir feeding the well might be substantially larger. Estimates of
the reservoir’s generating capacity ranged up to 500 MW of electricity for
the next 100 years. Compared to the island of Hawaii’s total need of about
90 MW of electrical capacity and the state of Hawaii’s present electrical
capacity of 900 MW, this was quite substantial. However, estimates based
on a single well were not sufficient to predict accurately the capacity of the
geothermal reservoir; it would be necessary to drill other wells for more
information.

Geological Results

Geologists and geochemists analyzed the cores and cuttings collected during
drilling and found that the rock formation was tholeiitic basalt, which could
be divided into three zones of alteration (see Table 6.11). Zone 1, where the
alteration began, occurred between 2220 and 4265 ft (673-1300 m) and was
characterized by montmorillonite, with minor calcite, quartz, and chlorite.
Zone 2 occurred between 4455 and 6250 ft (1350-1894 m), with the principal
alteration mineral being chlorite and accessories being quartz, actinolite,

TABLE 6.10. LONG-RANGE POWER PROJECTIONS FOR HGP-A.

TOTAL MASS STEAM WELLHEAD
TIME FLOW RATE FLOW PRESSURE ENTHALPY POWER
(YEARS) (kib/hr) (kIb/hr) (psig) (Btu/1b) (Mwe)

1 81 59 153 900 3.2

15 78 58 142 904 3.0

30 77 57 140 906 3.0

Source: ‘‘Hawaii Geothermal Project,”” HGP-A Reservoir Engineering, September 1978, p. 42.
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TABLE 6.11. GEOLOGICAL ANALYSIS AND INTERPRETATION
OF POSSIBLE PRODUCTION ZONES.

DEPTH FROM
WELLHEAD MICROSCOPIC MEGASCOPIC BOUNDARY TEMPERATURE
(FT) ANALYSIS ANALYSIS ZONES OF ALTERATION
0
500 Unfilled Generally
high permeability Little or no alteration
1000 Unfilled
1500 Unfilled
2000
2500 Partially
Filled Higher Zone |: major mineral:
Permeability montmorillonite;
3000 Partially minor minerals:
Filled chlorite, quartz, calcite
3500 Filled Generally
low permeability,
but possibility of
layers of medium 320°C
permeability
4000
4500 Filled
5000
Varying but gener- Zone 2: major mineral: chlorite;
ally low permeabil- minor minerals: quartz, actinol-
ity ite, montmorillonite.
5500 Filled
6000 Filled 340°C
6500 Partially High permeability Zone 3: major mineral: actinolite;
Filled minor minerals: chlorite, quartz,

pyrite, hematite

and montmorillonite. The boundary temperature between zones 1 and 2
was about 617°F (325°C). The third zone became dominant from about
6234 ft (1900 m) to the bottom of the well. Actinolite predominated in this
zone, with chloride, quartz, pyrite, and hematite secondary. The boundary
temperature between zones 2 and 3 was 644°F (340°C).

From the top of the well to a depth of about 3500 ft (1067 m) the lava
was highly permeable, with excellent permeability between 2500 and 3000
ft (762-914 m). Then from about 3500 to 6200 ft (1067-1890 m), the per-
meability became poor, although layers of medium permeability existed
throughout the dike, making possible geothermal production. At the bot-
tom of the well, from 6200 to 6600 ft (1890-2012 m), the permeability was
excellent. Figure 6.15 illustrates the zones of permeability as they relate to
the HGP well.
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Figure 6.15. Layers of permeability in relation to HGP-A.

Based on this information, the HGP researchers derived several specula-
tive models of the well’s underground system. One of the most probable
models depicted two production zones, one at about 4400 ft (1341 m) and
the other at about 6400 ft (1951 m). Both zones were supplied by aquifers
that were recharged by rainfall percolating into the ground. However, only
high levels of rainfall could penetrate to these zones because of the alternat-
ing layers of poor permeability. The heat at these depths was sufficient to
boil the water and produce steam.

Well Emissions

During the well testing, the HGP researchers collected atmospheric samples
to determine the airborne chemicals emitted from the geothermal discharge;
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they also collected downhole samples to analyze the chemicals in the geo-
thermal fluid. With respect to airborne emissions, there was concern about
sulfur dioxide (SO,), hydrogen sulfide (H,S), and mercury (H). Both SO,
and H,S were bothersome, but their levels were never dangerous. In fact,
their levels in the atmosphere did not change during the well tests, indicating
that the well was not adding significantly to the natural volcanic emissions
of sulfide into the atmosphere (see Table 6.12). However, the odor of H,S
is particularly offensive to humans and, as previously noted, it can be de-
tected in quantities as small as 3 ppb. Thus, although the flashing of the
well did not significantly increase the atmospheric levels of H,S, it did dis-
turb nearby residents. This was especially true when there was no wind or
when the prevailing wind blew toward nearby homes. The last bit of odor
would have to be eliminated before further developments could take place.

Levels of mercury were another matter. Mercury is potentially dangerous
at any level, and the provisional federal standard is no more than 0.1 pg/m?
for continuous exposure. Mercury levels near the drill site were high, and
during the July 1976 flashing they rose to 9.9 ug/m’. Later analysis, how-
ever, revealed that the area naturally contained high levels of atmospheric
mercury. Moreover, the high levels recorded in July were caused not by the
well testing but by volcanic vents. Table 6.12 illustrates that even with the
well shut, mercury in the air sometimes exceeded 0.1 ug/m?. After monitor-
ing the air for two years, researchers could find no evidence of a buildup
of mercury.

The chemical content of the geothermal fluid was a cause of concern
because any geothermal plant would have to dispose of or reinject the used
geothermal fluid back into the earth. This could contaminate the ground-
water. However, the chemical content of the HGP geothermal fluid did not
differ significantly from that of the brackish water wells in the area (see
Table 6.13). This suggested that the area’s groundwater had been naturally
contaminated due to the upward movement of heated salt water. Moreover,
it appeared that no Ghyben-Herzberg lens existed in the area. In the event,

TABLE 6.12. AEROMETRIC DATA FOR HGP.

DATE WELL STATUS SO; (ppm) H,S (ppm) HG (ug/m’)
May 1975 Predrilling 0.5 0.5 1.1
May 1975 Predrilling 0.5 0.2 1.2
July 1976 Flashing 0.5 0.2 99.9
Nov. 1976 Well shutdown — — 10.0
July-August 1977 Well shutdown 0.3 0.2 0.8

Source: Adopted from Kamins, Robert M. Revised Environmental Impact Statement for the Hawaii Geo-
thermal Research Station Utilizing the HGP-A Well at Puna, Island of Hawaii. Honolulu: State of Hawaii
Department of Planning and Economic Development, March 1978.
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TABLE 6.13. COMPARISON OF THE CHEMICAL CONTENT OF THE HGP-A WELL
WITH THAT OF NEARBY WELLS AND SPRINGS (mg/1).

SITE c1 Ca K Mg Na Si0,

HGP fluid

(downhole) 925.0 84.2 135.0 2.1 830.0 440.0
Isaac Hole Spring 3534.0 32.4 86.0 200.0 2020.0 81.5
Airstrip Well 303.5 23.0 13.6 28.0 238.0 71.3
Allison Well 281.0 13.4 10.8 15.0 216.0 24.1
Malama Ri Well 3811.0 66.8 109.0 210.0 2105.0 81.5
Rainwater 7.2 0.25 0.25 0.75 4.5 0.0

Source: Adopted from Kamins, Robert M., et al. Environmental Baseline Study for Geothermal Devel-
opment in Puna, Hawaii. Honolulu: University of Hawaii, Hawaii Geothermal Project, September 1976.

the residents used the local groundwater; they used water piped in from
another source on the island. Only one potential hazard existed: silica. Be-
cause of the high downhole temperature, the level of silica in the HGP fluid
was 440 mg/I1, several times higher than normal. It would have to be filtered
out before the well’s geothermal fluid could be reinjected into the ground.

Noise

Despite constant improvements in the muffling of the well, noise continued
to annoy residents throughout the testing period. Although the noise did
not exceed EPA standards when measured at nearby houses, it was high-
pitched and thus irritating. Moreover, many residents were accustomed to
the quiet of the rural area, while others had moved to Puna specifically to
get away from loud noise. (Table 6.14 provides data on the noise.) Thus,
any subsequent developments would have to eliminate the noise problem.

TABLE 6.14. LEVEL OF NOISE NEAR THE HGP-A WELL SITE (dB).

7/19/76 2/10/77 5/7/71
(WITHOUT (3-IN. (3-IN.
LOCATION SILENCERS) 11/3/76 1/27/78 ORIFICE) ORIFICE)
Corners of well
40 ft away 113 100 9% 98 —
40 ft away 113 98 93 95 91
70 ft away 94 98 89 91 —
70 ft away 94 98 91 91 89
At roadside
200 feet away 122 87 80 80 75
Estimated
1 mi away —_ — — — 70

2 mi away —_ — — — 49
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However, the HGP was only an experimental program; the demonstra-
tion plant had not been built. When electricity was actually generated, the
sound would be muffled by the generator, into which the steam would be
fed, and by the cement building, which would house the generator and the
operating facilities. It was anticipated that this would reduce the noise to
an acceptable level.

Economic Aspects of the HGP

From the beginning, the HGP was a cooperative effort involving the fed-
eral, state, and county governments, the utility companies, and the Univer-
sity of Hawaii. Each contributed by giving the project expert advice and by
providing their services when appropriate. In addition, each group sup-
ported the project financially. During the years 1973-1978, HGP’s total
allocation amounted to US$3,387,000. Table 6.15 presents a breakdown of
the total funds granted to the project during this period.

Although this total amount was large, it must be put into perspective.
First, it was spent over a period of five years, and it funded numerous activi-
ties ranging from geophysical surveys to socioeconomic assessments. Sec-
ond, the project was intended to provide the basic research and develop-
ment that would lead to the exploitation of geothermal resources in Hawaii.
It was intended neither to be an exploration for geothermal resources nor
to be an eventual profit-making venture. Finally, the project did discover a
productive geothermal well and a potentially large geothermal reservoir. It
is this well and potential reservoir that the 3.5-MW demonstration plant
will utilize.

EPILOGUE (1980-1985)

The HGP-A demonstration plant came on line in 1981, generating 3 MW
of electricity for the residents of the island of Hawaii. After three years
of successful operation, the power plant has demonstrated the technical,

TABLE 6.15. FINANCIAL SUMMARY FOR HGP, 1973-1978 (US$1000).

FUNDING ENTITY 1973 1974 1975 1976 1977 1978 TOTAL
NSF 269 200 469
ERDA (1977) 119 1472 270 147 2008
State of Hawaii 100 500 66 666
County of Hawaii 100 100
WRI 60 60
Hawaiian Electric 45 45
Other 39 39

Total 469 200 703 1532 336 147 3387
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economic, and environmental feasibility of geothermal energy development
in Hawaii. As a result, there are now three private firms or consortia ac-
tively involved or interested in developing this indigenous energy resource.

Much of the material for the updated economic, environmental, and so-
cial impact analyses was obtained by the author as a result of meetings with
key personnel in the Department of Land and Natural Resources (DLNR)
and the Department of Planning and Economic Development (DPED),
State of Hawaii, in 1982 and 1983. In particular, special acknowledgment
is due Dr. Takeshi Yoshihara, Administrator, Energy Division, DPED, for
his interest in and cooperation with the author’s continued research and
development of the IPPMC conceptual framework as an effective manage-
ment methodology for the energy and other sectors.

The state adopted legislation in 1983 (Act 296-83) to establish geothermal
resource subzones where geothermal activity may take place. Four subzones
have since been established for continued geothermal exploration and devel-
opment on both the island of Hawaii and the island of Maui.?' Each geo-
graphical area identified as a designated geothermal subzone resulted from
an assessment program using criteria provided by the DLNR.?2-%

ECONOMIC IMPACT ANALYSIS

The economic assessment is based on two assumptions: (1) a 20- to 30-MW
plant would be constructed and (2) application of the geothermal wells
would be for the production of electricity for local consumption only.

As with any economic activity, the injection of funds into the economy
will result in direct impacts through the purchase of various goods and ser-
vices from other industries. In the case of a geothermal plant, the money
added to the economy may be due to the inflow of investment capital or
from the savings resulting from not having to import approximately
390,000 barrels of imported petroleum each year for conversion into elec-
tricity.”” The additional purchases made will, in turn, cause these industries
to purchase more goods and services from other industries. The result is a
chain reaction of purchases or a multiplier effect produced by the original
increase in purchases.

A 25-MW geothermal plant will require approximately 25 employees. As
a result of this direct employment, an estimated 57 additional jobs will be
created after all of the repercussions have taken place, both within the
county and the State. Based on the available data, the wages to the 25 direct
project employees will be about $560,000 per year. This direct income will
stimulate a multiplier effect totaling an estimated $1.3 million.

For the production of electricity for local consumption only, the assumed
20- to 30-MW plant size being considered is reasonable. However, direct
use and other applications would alter the plant size requirements. In addi-
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tion, more significant impacts on the economy (both benefits and costs)
would occur: more jobs, increased public revenue, increased housing and
infrastructure demands, and so forth.

Regardless of the ultimate size of the geothermal plant decided upon, &
more definitive assessment of the relative gain or loss to be realized by its
existence must be made on a case-by-case basis.

ENVIRONMENTAL IMPACT ANALYSIS

Water Pollution

Groundwater in the various geothermal areas may occur as (1) perched wa-
ter, (2) dike water, and (3) basal water. Basal water occurs most commonly
in the islands. The basal groundwater body is the fresh water resting on salt
water within the permeable rocks that make up most of the base of the
islands. In the areas considered, groundwater resources will not be ad-
versely affected because geothermal wells are drilled past the groundwater
aquifer. In addition, surface casing will be set and cemented through a com-
petent subsurface formation below the basal lens. The drilling, casing in-
stallation, maintenance, and abandonment of all geothermal wells, includ-
ing reinjection wells, must be regulated and monitored to protect the
groundwater aquifer.

Subsurface disposal of geothermal fluids by reinjection is permitted, pro-
vided that potentially dangerous contaminants in the fluids are first filtered
out. The major potential hazard in this regard, as of 1984, is the high level
of silica found in the HGP-A fluid (440 mg/l) (Table 6.13).

The presence of arsenic in geothermal fluids can cause health problems
if concentrations reach 0.05 ppm. Monitoring to date has not found levels
of concern.

Air Pollution

The DPED initiated a two-year environmental baseline survey of the Ki-
lauea East Rift Zone in December 1982.2 The principal parameters mea-
sured included atmospheric concentrations of particulate material, sulfur
dioxide gas, hydrogen sulfide gas, chlorine gas, carbon monoxide gas, ele-
mental mercury vapor, radon, elemental and organic contents of particulate
material, rainwater pH, elemental and anionic content of rainwater, and
wind speed and direction. In addition, a recent study of hydrogen sulfide
and its impact on health was conducted in the Rotorua, New Zealand,
Wairakei geothermal power plant, with comparisons made with the HGP-
A project area.?” The highlights of these studies are summarized below.
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Hydrogen Sulfide. Hydrogen sulfide is found in nearly all high-temper-
ature geothermal fluids. It also occurs naturally in coal, natural gas, and
sulfide springs and lakes and is a product of anaerobic decomposition of
sulfur-containing organic matter. Production of hydrogen sulfide from vol-
canic gases is the result of the action of steam on inorganic sulfides at high
temperatures. The same reaction is responsible for the production of the
gas in steam from geothermal wells.

Hydrogen sulfide is a colorless gas which has a characteristic obnoxious
odor even at low concentrations (the odor threshold is measured in micro-
grams per cubic meter). At higher concentrations, the gas is toxic to humans
and animals and is corrosive to many metals. In humans at low concentra-
tions it can cause headache, conjunctivitis, sleeplessness, pain in the eyes,
and similar symptoms. At high concentrations the gas can paralyze the ol-
factory nerve, and at higher concentrations it can result in rapid death.

Plant species differ widely in their response to hydrogen sulfide and to
different concentrations of the gas. Long-term exposure to hydrogen sulfide
results in damage to plants at concentrations between 0.042 and 0.42 mg/1
(0.042-0.03 ppm). However, at 0.03 ppm, some types of plants exhibit
growth stimulation, but at 0.3 ppm these species show damage.?

Permissible levels of hydrogen suifide vary. The California State Depart-
ment of Health has set an extremely strict maximum ambient air quality
standard of 30 ppb (0.04 mg/m?®), which was once thought to correspond
to the odor threshold. Other agencies have accepted higher levels. Of direct
interest to geothermal development in Hawaii, the Rotorua, New Zealand,
studies showed an average concentration of 100+ ppb more than 50 percent
of the time, and concluded that the average level of ambient hydrogen sul-
fide in and around HGP-A could reach 30-fold higher levels without any
hazard to human health, flora, and fauna.?

However, geothermal projects in Hawaii are required to have abatement
systems that meet the proposed State Department of Health air quality stan-
dards. At present, the recommended hydrogen sulfide abatement system,
the Stretford System, is capable of removing over 99 percent of the hydro-
gen sulfide in the noncondensable gases. Use of this system would enable
facilities to comply with the proposed air quality standards that require 98
percent of the hydrogen sulfide present to be removed.

Sulfur Dioxide and Acid Rain. Hydrogen sulfide, released from geo-
thermal facilities, will oxidize in the atmosphere to sulfur dioxide, which is
then oxidized to sulfate aerosols. Sulfur dioxide is injurious to human
health and the environment and is the principal precursor of acid rain. Stud-
ies dealing with acute inhalation of sulfur oxides generally indicate that
health effects are unlikely at the ambient levels expected to occur as a result
of atmospheric oxidation of hydrogen sulfide.
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Acid rain usually originates with emissions of sulfur dioxide (SO,), which
can oxidize to SO; and eventually forms sulfuric acid (H,SO,), which falls
as acid rain. Three potential sources of acid rain are (1) natural volcanic
emissions, (2) geothermal emissions, and (3) emissions from oil-fired power
plants. In the absence of volcanic activity, sulfur dioxide values are low.
However, during an eruption, concentrations due to volcanic activity can
exceed human health and plant impact values for days at a time.

Rainwater in the Puna and Ka’u districts in the vicinity of the Kilauea
Rift Zone is slightly acidic due not only to acidification from local volcanic
sources of sulfur dioxide but also to the long-range transport of pollutants
across the Pacific.

At present, it is notable that no detectable sulfur dioxide is emitted from
the Puna HGP-A facility’s noncondensed gas stream. Hawaiian geothermal
developments are expected to have abatement systems which can reduce
hydrogen sulfide emissions by about 99 percent, which should meet pro-
posed state Department of Health air quality standards for geothermal de-
velopment of 98 percent hydrogen sulfide abatement during geothermal
power plant operation in addition to an incremental standard. It is expected
that the remaining unabated 1 percent of the hydrogen sulfide would take
several days to become acidic and that, by that time, prevailing winds would
take any pollutant remaining out to sea.

Mercury. The health effects of long-term exposure to airborne elemental
mercury have been studied less than the effects of ingestion of foods con-
taminated with the methylated form of mercury. However, epidemiological
studies indicate that persons exposed to mercury vapor in the work environ-
ment have shown mercury intoxication resulting in muscle tremors, psycho-
somatic disturbances, deterioration of intelligence, inflammation of the oral
cavity, and lens discoloration (eye). Mercury emissions from geothermal
facilities are not likely to cause acute health effects.

It should be noted that elemental mercury vapor levels and particulate
mercury levels in the rift zone are well below ambient air quality and indus-
trial standard levels but fall within the typical range of atmospheric concen-
trations. Mercury concentrations in the East Rift Zone are also regulated
by the inflow of trade winds from the ocean, where mercury levels are ex-
tremely low.

Noise

During the initial phases of geothermal development, persons in the vicinity
of a geothermal facility construction site will be exposed to noise levels
varying from 40 to 120 dB, depending upon the distance from the site.
High noise levels are produced by well drilling, production testing, and well
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bleeding before connection to the generator. Use of acoustical baffling and
rock mufflers will effectively reduce noise level to 44 dB at the facility fence
line.

Compliance with County of Hawaii noise guidelines will limit noise levels
for geothermal activities to 45 dB at night and to 55 dB during the day.

Ground Subsidence

In Hawaii, subsidence from geothermal fluid withdrawal is not likely to be
a problem, since the islands are generally composed of dense, yet porous,
self-supporting basaltic rock. Of more concern is the volcanic or tectonic
subsidence, which usually occurs on or about active rift zones, such as that
of Kilauea. Subsidence and cracking may also be associated with tectonic
earthquakes (subsiding slump blocks in a fault system at Kilauea, for ex-
ample).

Collapsing pit craters and lava tubes can result in very severe localized
subsidence. Pit craters usually occur within a summit or upper rift zone of
a volcano and can result in subsidence of up to hundreds of feet. Fragile,
near-surface lava tubes (usually found in pahoehoe flows) are subject to
collapse from heavy surface activity. A geologic site survey could reveal
these hazards.

Tsunamis

Tsunamis are large sea waves usually generated by the movement of large
submarine rock masses, although some are caused by volcanic eruptions.
These devastating waves can travel great distances at speeds of almost 500
mph and can move onshore turbulently or merely rise quietly. The highest
reported wave, 60 ft above sea level, resulted from a local earthquake on
the island of Hawaii in 1868. Much larger tsunamis have been reported
elsewhere.

Tsunami hazards are probably localized to a zone of land at most 2 km
wide around the coast and at elevations below about 75 ft. This should not
pose a significant danger to geothermal developments, which are likely to
be sited at higher elevations.

Earthquakes

Earthquake hazards include ground shaking, cracking, and subsidence.
Several tectonic earthquakes above magnitude 6 have been reported on the
island of Hawaii, particularly in the coastal and saddle areas. Less powerful
volcanic earthquake swarms commonly occur in rift zone areas.

Geothermal developments near coastal areas should consider the possibil-
ity of damage from tsunami and ground subsidence.



HAWAII GEOTHERMAL PROJECT 155

SOCIAL IMPACT ANALYSIS

The social impact analyses of geothermal energy projects emphasize
people’s perceptions, attitudes, and concerns regarding geothermal resource
development and operation. Considerations are based primarily on a 20- to
30-MW level of geothermal generation of electricity and are based on avail-
able public information.

Major social concerns considered were health aspects, noise aspects, life-
style, culture and community setting, aesthetics, and community input.
Also included was a review of the potential geothermal areas with respect to
these factors of social concern. Two major communitywide survey studies
produced information on perceptions and concerns about the effects of geo-
thermal development. In addition, data were contributed by community
and other organizations and individuals on various occasions.

Overall indications are that major social concerns and impacts could be
minimized and preservation of a high-quality environment could be
achieved by proper siting, landscaping, and design of plant facilities and by
careful controls and monitoring of all operations. The necessity and desir-
ability of increasing the participation of all sectors of the community should
be emphasized.

The health aspects of geothermal resource development involve primarily
the effects of chemical, particulate, and trace element emissions on the
physical environment and on local residents. Hydrogen sulfide and sulfur
dioxide are the major gaseous compounds of concern, but the naturally
existing or ambient air of the volcanic regions also contains these com-
pounds. The technical analyses of air and water quality are treated fully in
the environment impact analysis report, but the concerns, perceptions, and
attitudes of the residents regarding the health effects of geothermal emis-
sions fall in the area of social concerns and sociological impact.

CONCLUDING REMARKS

The State of Hawaii has initiated a sound plan for the exploration, develop-
ment, and production of geothermal resources as a viable alternative energy
source. The plan resulted in legislation in 1983 (Act 296), amended by Act
151 in 1984, which provides criteria to ensure appropriate economic, envi-
ronmental, and social impact studies. It is estimated that the geothermal
potential in the Kilauea Rift Zone alone can produce as much as 500 MW
of electrical energy for 100 years. To utilize this amount of power will neces-
sitate laying over 160 mi of cable at depths of up to 7000 ft to tie into the
Oahu grid system. Studies by the state’s DPED indicate the feasibility of
studying the technical problems involved in this type of engineering project.

Meanwhile, smaller-scale plans are moving ahead for the Island of Ha-
waii. In April 1986, HELCO signed a 30-year contract with Puna Geo-
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thermal Venture, a private group, for 25 MW of geothermal power by 1992,
with 50 percent to be in production by 1989.
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CHAPTER 7

Hawaii Bagasse Pellets Project

This case history was researched in 1979-1980 and published in 1981.* The
original case covers two bagasse projects: the Hilo Coast Processing Com-
pany (HCPC) and the Davies Hamakua Sugar Company, two of the largest
producers of bagasse-generated power on the island of Hawaii and in the
state. This chapter focuses on the latter project, which established the feasi-
bility of designing, constructing, and operating the world’s first bagasse
pellet factory. The project was put into operation in 1981, generating ap-
proximately 15 MW of electricity, with 5§ MW for internal use and 10 MW
for the local utility. The section on evaluation covers both HCPC and Da-
vies because of their joint concern for the future of the sugar industry in
Hawaii.

The Epilogue contains a brief update from the period 1981-1985. It then
examines and discusses planning efforts on the part of both the State of
Hawaii and the sugar industry to increase the viability of biomass as an
alternative renewable energy resource. Of interest to this discussion is the
fact that most biomass projects can be environmentally benign with proper
planning and management. Biomass energy is covered in Appendix D.

OVERVIEW OF BAGASSE ENERGY IN HAWAII

Upon his return from the 1979 Energy Summit Conference in Tokyo,
United States President Jimmy Carter, meeting with nearly 300 Hawaii
community leaders, stated: ‘““There is no other place in our country which
has best exemplified progress toward energy self-sufficiency than the State
of Hawaii. On the big island, Hawaii, and on Kauai as well, almost 50
percent of all the energy used comes from biomass, primarily from sugar-
cane.”’! Delivered at a time when the combination of a dwindling oil supply
and a rising demand for energy was creating strategic as well as economic
problems, this statement gave national prominence to Hawaii’s efforts to
attain self-sufficiency in energy through the use of alternative sources. Inas-

*Castberg, A. Didrick, Miyabara, Tetsuo and Goodman, Louis J. in Goodman, L.J. and
Love, R.N., eds. Biomass Energy Projects: Planning and Management, New York: Pergamon
Press, 1981.
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much as this achievement is largely due to the efforts of the sugar industry,
this case history focuses on the biomass energy development program of
the Davies Hamakua Sugar Company (Davies).

Before the program of this company is examined, however, it is necessary
to see how biomass energy development fits into national energy policies.
Energy policy in the United States is a combination of policies emanating
from the federal government and from the numerous state and local govern-
ments. Overall energy policy is set by the federal government, but each state
and county adapts its own modified strategy to achieve it. The federal gov-
ernment did not begin devising an energy policy until 1973, when the Arab
oil embargo made it clear that the United States was economically and stra-
tegically dependent upon imported oil. This policy is now evolving; coher-
ent and unified goals and priorities are being determined; specific mecha-
nisms to achieve these goals, such as taxation, pricing, and direct support,
are being deliberated. Nonetheless, there is general agreement that the
United States should decrease its dependence on imported fuels by increas-
ing domestic production. Thus, although tentative and not yet detailed and
unified, a plan has begun to emerge. In 1979 it was articulated in the Na-
tional Energy Plan (NEP) I and II. The plan breaks down energy policy
into three periods: near-term: present—1985; mid-term: 1985-2000; long-
term: 2000 and beyond.

The first period emphasizes conservation as a means of reducing depend-
ence on foreign oil and thus reducing the vulnerability due to interruption
of its supply. The second period will continue to emphasize conservation
but will begin the development of higher-priced technologies (they are high-
priced now but may well be competitive during this phase). Many of these
technologies, however, would be petroleum based, such as the development
of economical methods to extract oil from oil shale and tar sands, coal
gasification, and extraction of heavy oil. Only in the long-term period does
a substantial commitment to renewable alternative energy sources begin.
Because this period is relatively distant, however, the commitment is vague;
the federal government acknowledges that it cannot pursue the development
of all technologies simultaneously; therefore, choices have to be made.
These choices, the plan states, will be made by another generation, even
though work must begin very soon if there are to be sufficient data by the
year 2000 on which to base a decision. Three basic energy sources will be
explored in the third phase: solar energy, nuclear fusion, and breeder reac-
tors.?

Biomass conversion is included in the NEP under the overall rubric of
solar energy. A total of US$597,000,000 is included in the fiscal year (FY)
1980 budget for solar energy projects, of which US$58,000,000, or almost
10 percent, is slated for biomass conversion.? Much of this sum will be used
to support the development of liquid biofuels such as ethanol and metha-
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nol, but the development of biomass as a solid fuel for direct combustion
will also be supported. In this context, the NEP recognizes the current en-
ergy role played by direct incineration of wood, and wood residues, a proc-
ess which results in the production of 1.8 quads of energy per year, but
notes that problems associated with emissions, collection, and transporta-
tion must be solved before such direct conversion can play a much larger
role.* No specific mention is made of bagasse. As an energy source, biomass
is noted as having two distinct advantages: (1) it is renewable and (2) the
United States is the world’s leader in crop production, thus making it possi-
ble to use a portion of these crops for fuel.

The NEP covers virtually all areas of conventional and alternative energy
sources. Priorities can be determined from the budget authority for each
source and potential source; biomass is allotted approximately 1.5 percent
of the total amount allocated for FY 1980 in the NEP (see Table 7.1).}

Despite public controversy about nuclear power plants, the major gov-
ernment emphasis in the near term will be nuclear, while hydroelectricity
will receive the least emphasis. The amounts listed in Table 7.1 are for devel-
opment and deployment only; currently operational energy sources such as
oil and coal are not included. There is no expectation that they will be dis-
placed from their primary status until well into the second period, and even
possibly into the third. Coal, in fact, will have an increasingly important
role, the plan states, and industries will be encouraged to convert from oil
to coal.® Given the emphasis on fossil fuels and nuclear energy, the impor-
tance of biomass lies not in its ability to replace conventional sources but
in its ability in the long term to help provide an appropriate energy mix for
the United States.

TABLE 7.1. DEPARTMENT OF ENERGY FUNDING FOR TECHNOLOGY
AND DEVELOPMENT.

FY 1980
(IN MILLIONS) PERCENT

Fossil energy US$ 796 22.0
Solar energy (including $58 for biomass) 597 17.0
Geothermal 111 3.0
Hydroelectric 18 0.5
Magnetic fusion 364 10.0
Nuclear fission 1037 29.0
Environment 278 8.0
Basic energy research 276 8.0
Other technology programs 106 3.0

US$3583 100.5¢

“Does not add up to 100 because of rounding.
Source: National Energy Plan II (Washington, D.C.: U.S. Government Printing Office, 1979), Appendix
B, p. 3.
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The NEP is, as the name implies, national in scope and therefore does
not take up individual problems of specific regions of the country. These
must be addressed by state and local governments, leading in some instances
to a much more prominent role for biomass energy.

The State of Hawaii is one of, if not the most, isolated populated archi-
pelagos in the world, located approximately 2400 mi from the continental
U.S. mainland. The state has no fossil fuel reserves and thus must ship in
all of its oil, an amount equal to about 31.5 million barrels in 1978 at a cost
of over US$600 million.” Because of inadequate demand and waste disposal
problems, nuclear power is not feasible. Coal is uneconomical because of
the cost of shipping, as well as the cost of converting power plants. Thus,
the state is almost totally dependent upon oil for energy, with 30 percent of
this energy being in the form of electricity (the remainder being largely gaso-
line and jet fuel).?

This does not mean, however, that Hawaii does not have alternatives
to oil as an energy source, especially for generating electricity. Extensive
agriculture provides the base material for biomass conversion. Over 220,000
acres are planted in sugarcane and over 60,000 in pineapple—the two main
crops. The state is blessed with both substantial rainfall (average, 73
in./year) and sunshine, as well as wind.® Finally, the state possesses geo-
thermal resources associated with its volcanic origins and is also situated
near deep oceans, which can be used in thermal energy conversion. These
resources make possible five alternatives to oil-based electrical power gen-
eration: biomass conversion, hydroelectric, geothermal power, wind power,
and ocean thermal energy conversion (OTEC).

Of these alternatives, the greatest promise is shown by and the most de-
velopment has been done in biomass conversion—specifically, the burning
of bagasse, the fibrous waste remaining after sugarcane is milled. It has
been used by Hawaiian sugar plantations for the past 40 years to produce
steam and electricity. This form of biomass conversion plays a significant
role because the technology is simple and well developed and the process is
relatively efficient. Even more important, from an economic standpoint, is
the fact that the fuel is a by-product of another valuable resource, sugar;
therefore, the processing of sugar provides dividends in terms of the sale
of power to public utilities. This form of biomass conversion accounts for
approximately 14 percent of the electricity generated statewide and over 37
percent of the electricity generated on the island of Hawaii itself.'°

In the United States, it should be noted, privately owned utility compa-
nies are responsible for generating, supplying, and developing electrical en-
ergy. These companies, commonly called ‘‘public utilities,”” own and oper-
ate large power plants that serve separate regions of the country through
central transmission lines. Because electrical energy is vital to the nation,
the government regulates the utilities’ operations through public utilities
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commissions in each state. These commissions approve electricity rates and
the building of new plants, ensure that utility companies meet the demand
for electricity, and generally represent the public interest in decisions.

Despite its extensive resources and its great dependence on imported oil,
the State of Hawaii does not have a comprehensive energy plan. The 1973
oil crisis did prompt the state to create the position of State Energy Re-
sources Coordinator, the Hawaii Natural Energy Institute at the University
of Hawaii, and the Natural Energy Laboratory of Hawaii, located at Kea-
hole Point on the island of Hawaii.!! The Energy Resources Coordinator
issues annual reports on various aspects of the state’s energy situation, in-
cluding research and development, funding, and national policies that af-
fect the state; however, no energy plan, as such, exists. The goal of the state
is to be energy self-sufficient by the year 2000 (sooner for some islands), a
goal that many energy planners feel is overly optimistic.

In the quest for energy self-sufficiency, biomass conversion seems to have
a high priority, although investment is largely from the private sphere—if
for no other reason than that it is the most developed and is associated with
a major industry, sugar. Investment in other forms of biomass conversion,
as well as in geothermal, solar, and wind projects, has been minimal, with
the federal government providing a large proportion of the costs.

On the local level, counties are completing their own energy plans, which
must be consistent in their goals with the national emphasis on reducing
vulnerability and the state policy of increasing self-sufficiency. The county
of Hawaii, encompassing that island, has taken the first steps toward its
comprehensive energy plan by starting four years ago to plan toward self-
sufficiency. The island of Hawaii, with perhaps the greatest potential energy
resources, has the greatest need for an energy plan. It has a land area of
4,038 mi?, or more than the total land area of the other islands combined,
with two mountains reaching almost 14,000 ft (43,000 m).!2? Most of the
tillable soil is devoted to sugar, with 92,629 acres under cultivation in 1978.
These acres produced 387,459 tons of raw sugar in the same year; this pro-
duction occurred on approximately one-half of the total acreage, since
sugar is a two-year crop."’

Other resources of the island of Hawaii include a geothermal well, an
OTEC site, wind generators, and hydroelectricity generators. A large pro-
portion of the electricity generated on the island comes from alternative
sources: bagasse, 37.6 percent; hydroelectric, 5.4 percent; and wind power
soon to supply as small amount of electricity. The bagasse-generated power
comes from various sugar mills, including the HCPC and Davies compa-
nies, with the former supplying the largest amount (22 percent of the is-
land’s total).!*

Such an abundance of energy resources presents the Hawaii county gov-
ernment with a variety of difficult decisions, not the least of which is the
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direction in which the county is to go: maintenance of the status quo, agri-
culture, tourism, or industry (or the last three, in varying amounts, which
would preclude the first). The county of Hawaii commissioned Stanford
Research Institute (SRI) International to study the possibility of creating
energy self-sufficiency in 1979. The report, published in two volumes, took
an essentially conservative approach, recommending development of cur-
rent sources of energy, especially the combustion of cane and wood."” A
primary recommendation was the drying of bagasse, through the use of flue
gases or other methods, to increase the heat value of the fiber (which would
have the same effect as pelletizing).

This is not a new recommendation, of course, but it has not been imple-
mented by sugar mills in Hawaii despite its effectiveness, probably because
efficient generation of power did not have as much priority as it does at
present. Wood has a marginally higher heat value, but more important, it
can be grown in terrain incapable of supporting sugarcane and thus should
be considered as a supplement, not a substitute, for bagasse. No boiler
modifications would be necessary to burn a combination of bagasse and
wood chips; and even macadamia nut shells have been burned successfully,
despite their significantly higher burning temperature. SRI International
noted that tree farming is only a pilot project at this point but is potentially
a valuable source of fuel.

This study gives the County of Hawaii some justification to support con-
ventional biomass conversion, especially since it has proven to be opera-
tional and would involve few or no county funds. Thus, for the State of
Hawaii and especially the County of Hawaii, biomass energy provided by
private sugar companies will be of high priority. A reinforcing factor was
the added costs of meeting environmental standards set by the Environmen-
tal Protection Agency (EPA) to implement and enforce the federal legisla-
tion of the 1960s to prevent environmental pollution.

Two of the largest producers of biomass energy in the state are HCPC
and Davies Hamakua Sugar Company (Davies), which produce large
amounts of electricity and sell them to the local utility company. Located
along the Hamakua coast on the island of Hawaii (see Figure 7.1), these
companies use bagasse to fuel their power plants. Although similar in
scope, their biomass energy programs have certain major differences. This
chapter analyzes the biomass program of Davies because of its focus on
pelletizing bagasse.

PROJECT BACKGROUND

The Davies Hamakua Sugar Company is owned by Theo H. Davies & Com-
pany Ltd., a wholly owned subsidiary of Jardine, Matheson & Company,
a multinational conglomerate based in Hong Kong. Davies was formed in
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Figure 7.1. Map of Hawaii, showing location of sugar companies and areas of sugarcane
cultivation. (Source: Adapted from Curt Beck, ed., Biomass Energy for Hawaii: Vol. 11: Sugar
Operations (Stanford, Calif.: Institute for Energy Studies, 1977, p. 4.)

1979 from the merger of two Davies plantations, the Laupahoehoe and Ho-
nokaa Sugar companies. These two sugar plantations, situated about 18 mi
apart, have historically maintained independent operations with separate
harvesting equipment, mills, and factories.!®

During the 1960s and 1970s, the economics of these two plantations, like
that of the sugar industry in general, underwent dramatic shifts. Rising la-
bor costs, increasing operating expenses, and the uncertainty of market
prices threatened the survival of many plantations. Additionally, the cost
of meeting environmental standards had been rising steadily since the 1960s,
when legislation such as the Solid Waste Disposal Act of 1965, the National
Environmental Policy Act of 1969, and the Clean Air Act of 1970 were
passed. Through these acts, the EPA, as mentioned earlier, adopted regula-
tions requiring the sugar companies to install filters on their boilers, to con-
struct water treatment systems for their effluents, and, most important, to
halt the ocean dumping of sugarcane refuse. The refuse would therefore
have to be incinerated or buried in a landfill, both of which were costly
operations.'’

In order to cope with these changes, the managers of Laupahoehoe and
Honokaa, along with the agricultural group officers of Davies, planned a
long-term program which included two basic actions. First, they would in-
crease the economies of scale of their plantations by merging with other
plantations and by consolidating factory operations. This strategy would
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not only reduce the costs associated with owning many small plantations,
each of which required its own factories, shops, mills, and administrative
services, but would also cut down on the amount of pollution control equip-
ment that would have to be installed. Second, in the course of merging
and consolidating plantations, they would modernize the operations. By
installing technological improvements in the growing, harvesting, and pro-
cessing facilities, productivity would be increased.'®

As part of this overall strategy, Laupahoehoe first acquired other sugar
plantations and in 1965 began to consolidate its two mills into a single large
factory at Ookala. Construction of the new factory was completed in 1966,
and the two other Laupahoehoe mills were closed. Continuing the long-
range program in the early 1970s, the managers and executives of Davies
merged another plantation, the Hamakua Mill Company, with Laupa-
hoehoe. Simultaneously, they made plans to close the Hamakua factory and
to further expand Laupahoehoe’s factory.

A key element in the factory modernization and expansion in the 1970s
was the installation of a larger boiler that would enable Laupahoehoe to
burn its excess trash and bagasse, which previously would have been
dumped in the ocean. The new boiler provided 312,000 pounds of steam
per hour, twice the capacity of the old boiler. About 78 percent of the boil-
er’s steam was routed to the sugar-processing facilities to power the cane
shredder, trash shredder, cane mill, trash mill, and boiler auxiliaries. The
remaining 22 percent was routed to a 5-MW turbogenerator that could pro-
duce electricity either for the plantation or for sale to the local utility com-
pany. It should be noted that the boiler had two primary functions. First, it
had to supply steam both for sugar processing and for generating plantation
electricity. In this regard, a 4-MW generator was added to the system in
1979. Second, because the EPA had ordered Laupahoehoe to halt the ocean
dumping of cane trash, the boiler had to serve as an incinerator. (See Figure
7.2 for the layout of the energy generating system at Laupahoehoe.'?)

Another significant aspect of Laupahoehoe’s factory modernization was
the construction of a dual milling tandem that milled the trash and the sug-
arcane in two independent streams. In this milling process, the entire sugar-
cane plant was first brought to the factory cleaning facility, where it was
washed to remove leaves, soil, and other debris from the stalk. After being
removed from the stalk, this trash was conveyed to grinders, where it was
milled, loaded into dump trucks, and discarded in a landfill, a process
which was also designed to help comply with EPA requirements. In a sepa-
rate operation, the stalk, after being washed and stripped of its leaves, was
conveyed to a shredder, where it was milled and then squeezed on rollers
to extract its cane syrup. The shredded remains of the stalk (bagasse) were
conveyed to the boiler for fuel.

At Honokaa, the expansion and modernization program started later
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than at Laupahoehoe. It was not until 1972 that Honokaa was able to ex-
pand by purchasing the Paahau Sugar Company, located just to the south.
Ironically, the owners of Paahau, C. Brewer and Co., had decided to sell
the plantation because the EPA had required that nearly $4 million of pollu-
tion equipment be installed at the Paahau factory, and the investment was
not deemed worthwhile. The EPA had thus given Honokaa the opportunity
to purchase Paahau. Following its acquisition, the Paahau factory was shut
down and its cane was processed at the Honokaa factory, which was forced
to operate 24 hours a day, 7 days a week. To remedy this situation, it was
decided to modernize and expand Honokaa’s processing facilities.

In planning the modernization, a crucial factor was the dramatically ris-
ing cost of energy, a factor that had not affected the earlier program at
Laupahoehoe. By 1973, the price of oil on the world market was controlled
by the Organization of Petroleum Exporting Countries (OPEC), which
were continuously raising their prices. This marked a significant transfor-
mation in the structure of energy pricing. Recognizing that this would mean
long-term price increases for energy, Ernest Bouvet, the general manager
of Honokaa, proposed that the factory’s modernization be based on energy
efficiency and conservation. In this view he was supported by Francis Mor-
gan, the vice-president of the Davies agricultural group, and the president
of the Davies plantations. Given this support, the management at Honokaa
devised an overall policy of energy conservation and efficiency that was
adopted in 1973. A report by the company provides a general explanation
of the policy and its goals:

Honokaa Sugar Company is committed to develop to the maximum its
capabilities of biomass fueled electric power for its own needs and for
export into the power system of Hawaii Electric Light Company
(HELCO).

HELCO’s only fuel—apart from a very small hydroelectric plant—is
fuel oil which has to be imported into Hawaii from foreign sources. It is
therefore abundantly evident that any power derived from local biomass
resources would help the state’s economy and render Hawaii less vulner-
able in case of international emergencies.

With this purpose in mind, the management of Honokaa Sugar Com-
pany has deliberately followed a policy of energy conservation and devel-
opment since 1973, when the steam generation and power complex was
redesigned along lines novel in the sugar industry.?

The factory modernization at Honokaa thus proceeded with energy con-
servation as a primary goal. The first step was to increase the electrical
generating capacity of the factory. This step would not only reduce Ho-
nokaa’s purchases of electricity from the utility but would also make use
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of the existing boiler’s surplus steam, which represented a large amount of
wasted energy. The existing generating facility consisted only of a 1.5-MW
condensing generator and a 0.8-MW hydroelectric unit. After careful con-
sideration of various configurations, the general manager and his engineer-
ing staff decided to install a 6-MW topping turbogenerator, using the con-
cept of cogeneration. They would link the new generator directly to the
existing 166,000-1b/hr steam boiler, thus utilizing the initial outflow of
steam. After being used to generate electricity, the steam would be routed
to the milling operations and to the 1.5-MW condensing generator, where
it would be reused (see Figure 7.2). This configuration of cogeneration was
extremely efficient.

Another aspect of modernization at Honokaa involved an alteration of
the milling process. As in Laupahoehoe’s milling practice, cane trash was
ground separately from bagasse and then dumped, resulting in the waste of
a considerable volume of fiber which could have been converted to fuel. It
was therefore decided to recover the trash and convert it to bagasse through
a simultaneous milling process.

Experiments were run to determine the best design for simultaneous
milling, and several problems arose. The cane trash contained mud and
rocks that clogged the milling equipment, caused excessive wear on the
grinders, and decreased the amount of recoverable cane syrup. Further-
more, because the cane leaves were so much lighter and more pliant than
the stalks, they enveloped the cutting blades and prevented them from chop-
ping the cane. To solve these problems, an additional washer and a new
shredder were added. The washer would clean the mud and rocks from the
cane, and the additional shredder would enable the leaves to be ground.
Existing conveyors and shredders were relocated to allow for a more effi-
cient flow of trash and cane. The shift to simultaneous milling allowed the
recovery of an additional 86,000 tons of biomass fuel, increasing the total
amount of bagasse from 196,000 to 275,000 tons. This additional amount
was equivalent to 84,000 barrels of fuel oil. However, the existing boiler
had a capacity of 166,000 pounds of steam per hour and could burn only
about 68 percent of the total biomass made available.” The excess had to
be dumped, resulting in the loss of all of the extra fuel.

Consequently, the next phase of the modernization plan was to purchase
a larger, more efficient boiler. Capable of burning bagasse and fuel oil, as
well as other fibrous materials such as wood chips and macadamia nut
husks, the new boiler was rated at 288,000 Ib/hr and could utilize all of the
bagasse produced by the mill. Because the new boiler had a capacity 60
percent greater than that of the old boiler, the manager and the engineering
staff at Honokaa recommended adding another generator to the power sys-
tem to make use of the additional steam. The top managers at Davies agreed
to this proposal, and a reconditioned 7.5-MW condensing turbogenerator
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was purchased as a complementary component to the new boiler.? The in-
stalled generating capacity at Honokaa would thus be 15.8 MW, with steam
generators of 1.5, 6, and 7.5 MW and a hydroelectric unit of 0.8 MW.

In completing the new boiler-generator system, the management of Ho-
nokaa encountered substantial problems in dealing with the EPA. In 1977,
plans for the boiler and its specially constructed filter to reduce the boiler’s
emissions were submitted to the State of Hawaii’s Department of Health,
which had been designated by the EPA to administer clean air standards.
The boiler system was approved, but the EPA also requested the plans. No
further communication came from the EPA, so the management assumed
that the pollution equipment was satisfactory and construction of the sys-
tem was begun. After construction was completed in September 1978, the
EPA ruled that the boiler did not meet its emission standards and would
have to be altered. The manager pointed out that approval had already been
received, that the EPA had not communicated with the company for nearly
one year, that the system had subsequently been built, and that it was now
scheduled to be put into operation to power the entire processing oper-
ation. The EPA responded that initiating operations without further mod-
ifying the boiler’s filter would result in a $1000/day fine. A satisfactory
arrangement was eventually worked out, but only after considerable ex-
pense and negotiation.?

During modernization, other improvements to Honokaa’s energy pro-
duction system were made. These included the installation of an IBM com-
puter to coordinate steam utilization with the demands for processing sug-
arcane and generating electricity, a 24,000-ft> preevaporator to replace the
existing 10,000 ft*> one, and a new bagasse sprinkler system to prevent fires
in the bagasse storage facility. When all of these improvements were com-
pleted in 1979, the company was able to increase its power output from the
1975-1978 average of 3.3 MW to 12 MW. Expressed in other terms, Ho-
nokaa was generating the equivalent of 267,000 barrels of oil annually,
compared to the 1975-1978 annual average of 169,000 barrels. Most impor-
tant, the company had attained virtual self-sufficiency and had in fact be-
come a net exporter of energy, selling electricity equivalent to 120,000 bar-
rels of residual oil (see Table 7.2).

The modernization program had one other major component. In 1978,
as part of their continuing efforts to increase the efficiency of all oper-
ations, the managers and executives of Davies decided to merge the Laupa-
hoehoe and Honokaa sugar companies into a single entity, the Davies Ha-
makua Sugar Company. The amalgamation was decided upon for several
reasons. First, it would centralize control of the two sugar operations, mak-
ing it possible to coordinate and control a uniform company policy of en-
ergy efficiency. Second, it would minimize redundance. For example, with
the merger, only one company manager would be required; the services of
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TABLE 7.2. ENERGY PRODUCTION AT THE HONOKAA SUGAR COMPANY.

1973-1975 1975-1978
(ANNUAL (ANNUAL 1980
AVERAGE) AVERAGE) 1979 (PROJECTED)
Bagasse production
(tons)
From cane 199,000 199,000 199,000 199,000
From trash 0 0 77,000 77,000
Total 199,000 199,000 276,000 276,000
Expressed in barrels
of residual oil 193,000 193,000 267,000 267,000
Rate of power (MW)
Produced 1.6 3.45 11.625 12.305
Required for
processing 1.6 1.56 1.75 1.735
Required for
pollution control 0 0.54 0.54 0.54
Available for export 0 1.35 9.335 10.03

other personnel would also be redundant, and their positions would be elim-
inated. Rather than lay off personnel, however, it was decided to eliminate
their positions after they retired. Third, the merger would increase the flexi-
bility of operations. If one factory was shut down for repairs or had more
cane than it could process, the excess cane could be processed at the other
factory. Finally, the merger would allow Honokaa and Laupahoehoe to in-
tegrate energy operations by linking their factories with power transmission
lines. In this way, each power generation system would act as a backup for
the other; if the power system at one factory broke down, that factory could
tap into the electrical reserve of the other factory. This would eliminate the
need to purchase electricity from the utility company.?

The cost of implementing the modernization program had been high,
US$40 million in all. The cost of the energy-related improvements at Ho-
nokaa had been US$8 million (see Table 7.3). Still, the expenditures were

TABLE 7.3. CAPITAL EXPENDITURES FOR ENERGY IMPROVEMENTS
AT THE HONOKAA SUGAR COMPANY.

Foster-Wheeler boiler US$6,561,956
Simultaneous milling facility 408,000
7.5-MW turbogenerator 786,645
Preevaporator (24,000 ft*) 225,000
Series 1 IBM computer 44,515
Exhaust steam line 63,895

Total US$8,090,011
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an investment for the future, and the merged company would continue pe-
riodically to modernize operations. Most significant, the company would
improve its energy efficiency and energy conservation on an ongoing and
continuous basis.

PHASE 1: PLANNING, APPRAISAL, AND DESIGN

Identification

Against the backdrop of the modernization program, the profitability of
the sugar industry continued to decline for two reasons. First, the price of
sugar on the world market had been falling steadily at about the same time
that U.S. sugar price supports for domestic growers had expired. The result
was that revenues could not keep up with operating costs. Second, the price
of energy was rising rapidly in response to the escalating price of oil. The
rising cost of energy, however, provided both a dilemma and an opportunity
for Hawaii’s sugar companies. On the one hand, the operating costs of any
sugar plantation that was not largely self-sufficient in electricity would be
unrealistically high. On the other hand, any company that produced surplus
power now had the opportunity to sell electricity to the utility companies
for a profit.

The combination of these factors was affecting the structure of Hawaii’s
sugar industry. Many plantations, unable to cope with declining prices and
increasing energy costs, began operating at a net loss and had to consider
ceasing operations. A number of companies did, in fact, go out of business.
Other companies, such as the Hilo Coast Processing Cooperative, discussed
in the first part of this chapter, had to consider energy production as a
primary alternative to sugar production.

At Davies, the situation was not quite so gloomy. The sugar operations
were still profitable; for several years in a row, Davies had been the most
cost-effective sugar producer in the nation. The modernization program
had enabled the company to resist the erosion of profits by increasing pro-
ductivity. Consequently, no alternative to sugar production was considered.
At the same time, however, there was a concerted effort to ensure the con-
tinuing profitability of sugar by making the best use of the energy situation.
To this end, the energy efficiency of the company was improved by extend-
ing the policy of energy conservation from the Honokaa operations to the
Laupahoehoe facilities. Additionally, it was decided to sell Honokaa’s sur-
plus power at a rate that would be equitable with the increasing cost of
producing energy.

Thus, in 1978 the general manager of Honokaa, Ernest Bouvet, along
with the special projects assistant, Norland Suzor, began negotiating a firm
contract to sell HELCO their surplus power. Under the existing arrange-
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ment, the sugar company sold ‘‘dump’’ power to the utility. Dump power
was the excess electricity generated by the sugar company, which was fed
into the HELCO grid whenever it was available; no commitment was made
by the sugar company to sell, or by HELCO to buy, a set amount of this
power. Dump power was sold at a rate of about 4 mills (0.4 cent)/kWh,
while electricity was purchased from the utility at the commercial rate of
about 50 mills/kWh.?

In negotiating a firm contract, the objectives of Davies were to sell a fixed
quantity of electricity to the utility at a rate higher than the dump price.
The objectives of the utility were to purchase a set quantity of electricity in
order to ensure that a minimum amount of power would be available on
demand and to pay the lowest possible price for this power. During contract
discussions in 1978, HELCO offered Davies a rate of about 20 mills/kWh
to be adjusted annually, plus a demand fee for continuously maintaining
10 MW of power. They would purchase 87,000,000 kWh, and in return
Davies would ensure that 10 MW was constantly on line to be fed into the
grid.?

The manager of Honokaa and his special projects executive studied this
offer. Since the Honokaa factory had a total installed capacity of about 15
MW and used only 3 MW for factory operations, they could easily generate
the necessary 10 MW. There was a financial burden, however, in maintain-
ing this power continuously. The supply of bagasse—the primary fuel
source for the boiler—was intermittent, available only during the nine-
month cane harvesting season. To generate a year-round, continuous 10
MW, then, the sugar company would have to burn fuel oil during the three
months when bagasse was unavailable.

In examining the situation, the special projects assistant determined that
47,000 barrels of fuel oil would have to be purchased. Even with the price
of oil at $18 per barrel, the contract would be profitable, and the manager
decided to proceed with negotiations. Before terms could be agreed to, how-
ever, the price of oil jumped, with further price hikes certain to be imposed
at unpredictable intervals. Because of this instability, the manager decided
not to undertake a firm contract until the Honokaa operations could satisfy
all power requirements without having to burn fuel oil.”

In trying to eliminate the need for an external fuel source, the bagasse
supply was closely examined. It was found that the total amount of bagasse
produced during the nine-month cane harvesting season provided sufficient
fuel to maintain 10 MW continuously. Bagasse, however, could not be
stored for long periods of time. Three problems prevented storage: (1) Since
bagasse is organic, it would decompose quickly and therefore could be
stored for only a limited time. (2) Even if the decomposition problem could
be solved, bagasse had to be protected from rain and other elements to
maintain its caloric value. Bagasse is, however, extremely bulky, with a den-
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sity of only 7-10 1b/ft>. Since 1 ton of bagasse is equivalent to about 1
barrel of oil, 47,000 tons would have to be stored, causing insurmountable
problems in handling, loading, and conveying. (3) The combination of
sugar and moisture contained in bagasse causes fermentation to take place,
and this exothermal reaction results in stores of bagasse igniting by sponta-
neous combustion.?®

In searching for a practical solution to these problems, the general man-
ager of Honokaa learned of a potential process called Woodex that com-
pressed wood waste into fuel pellets. These pellets provided a cost-effective
substitute for fuel oil and coal, and their value had been proven through
use. A brochure from the Bio-Solar Research and Development Corpora-
tion, the firm which held patent rights to the process, elaborated on pelleti-
zation:

Woodex fuel pellets are refined from biomass wastes, which are available
almost everywhere in some form. In this material is the energy stored and
continuously renewed by the sun in all growing matter. After this raw
material is pulverized to a desirable particle size, ‘‘free’’ water is extracted
or added to give the fibers the correct moisture content. The unrefined
fibers are then extruded under high pressures and temperatures. In the
process, the cell structure of the fibers is changed; the lignins, waxes,
sugars, and the cellulose they represent are separated. . . . Changing the
cell structure of the cellulose material allows combustion air to unite with
oxygen contained in the Woodex pellets and promotes rapid burning of
the pellets’ volatiles, which have separated from the remaining fiber and
its carbon.?

On further inquiry, the general manager was told by the inventor of the
process that no external chemical binders were used in production and that
the pellets were about three to four times less expensive than fuel oil. Addi-
tionally, bagasse could easily be made into pellets through the Woodex
process.

Feasibility Studies

The pelletizing process appeared to be a solution to the fuel supply prob-
lems of bagasse. The general manager of Honokaa thus asked his special
projects assistant to prepare feasibility studies. Basically, two broad aspects
of the feasibility of pelletizing bagasse were examined—technical and eco-
nomic.

Technically, it was first determined that bagasse could indeed be trans-
formed into pellets through the Woodex process. The Bio-Solar laboratory
and experimental plant produced samples from bagasse and returned them
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TABLE 7.4. COMPARISON OF BAGASSE AND BAGASSE PELLETS.

BAGASSE PELLETS
Density 7-10 1b/ft? 30-40 1b/ft?
Steam production per pound of fuel 2.5-2.81b 59-621b
Moisture content 45-50% 10-12%
Equivalence to oil 1 ton = 1 bbl 1 ton = 2-2.5 bbls

to Davies to analyze. The analysis indicated that the bagasse pellets had
superior quality (see Table 7.4); their moisture content was about 10 per-
cent, whereas that of raw bagasse was about 48 percent. Table 7.4 shows
the caloric value of the pellets was considerably higher than that of bagasse;
1 Ib of bagasse produced 2.5 to 2.8 Ib of steam, while 1 Ib of pellets pro-
duced 5.9 to 6.2 Ib. The density of the pellets was approximately five times
greater than that of bagasse, or 30-40 1b/ft} compared to 7-10 1b/ft. Fi-
nally, the pellets could be easily stored; they did not decompose and were
extremely sturdy.*

In helping to solve the fuel supply problem, then, the feasibility study
concluded that bagasse pellets (1) could be stored for long periods of time
without deterioration; (2) could be stored, conveyed, and handled in a prac-
tical manner, since they were so much less bulky than bagasse; and (3) were
not subject to spontaneous combustion because their moisture and alcohol
were substantially removed. Additionally, the process of pelletizing trans-
formed bagasse into a superior-quality fuel, thus providing more energy
from the same amount of fiber.

The feasibility study also noted that the situation at Honokaa was emi-
nently suited for pelletizing. There was ample space next to the factory for
a pelletizing plant and a pellet storage warehouse. The supply of bagasse
was adequate: moreover, unlike a typical wood pelletizing plant, which had
to ship wood waste from various sources, the bagasse plant would have all
of the fiber available on the site. Finally, and most obviously, the compa-
ny’s boilers had the capacity to use the pellets.

In examining the economics of the situation, the feasibility study linked
the pelletizer with the overall modernization program. Capital improve-
ments had been approved for upgrading the boilers, for installing more
generators, and for simultaneous milling of trash and bagasse to increase
fuel recovery. These improvements, as previously noted, resulted in greatly
improved energy efficiency and greatly increased bagasse fuel production.
Approximately 276,000 tons of bagasse would be available for fuel, yet only
about 167,000 tons would actually be needed to meet the requirements of
both an electrical contract and the sugar operations. This meant that ap-
proximately 100,000 tons of fiber fuel, equivalent to 100,000 barrels of fuel
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oil, would be excess.?! This surplus could be used to generate electricity and
sold to the utility as dump power. Selling dump power to the utility, how-
ever, was not profitable; it was a poor use of the excess bagasse. Moreover,
since fuel oil would still have to be purchased, such a use was inconsistent
with the overall investment in increasing energy efficiency and the policy of
energy conservation.

Appraisal

After the feasibility study was completed, the special projects assistant went
over the results with the general manager. It was agreed that the pelletizer
suited the needs of the factory, and so the proposal to build the pelletizer
was discussed with the Davies Agricultural Group vice-president. The gen-
eral manager met with the group vice-president in Honolulu and reviewed
the feasibility study. After some discussion and further study, it was decided
to request the president to seek approval of the project from the head of-
fices in Hong Kong and to commence the design.

The proposal for the pelletizer was sent to Jardine-Matheson for review.
By the summer of 1979, written approval was received to conclude negotia-
tions with Bio-Solar, which held the patent on the pelletizing process. Ap-
proval to proceed with the pelletizer was also granted. Although the precise
funds for construction would not be formally committed until the Five-
Year Expenditure Plan was decided upon at the Davies annual meeting in
December, in-depth engineering studies could begin.

Design

The week after approval was received from the head offices in Hong Kong,
intensive engineering studies began for the world’s first bagasse pellet fac-
tory. The studies were conducted in-house by the manager of the factory
division and his project design group. At the same time, there was a person-
nel reorganization resulting from the consolidation of the Laupahoehoe and
Honokaa Sugar Companies into the Davies Hamakua Sugar Company. Un-
der the reorganization, the manager of the Honokaa plantation, Ernest
Bouvet, became the general manager and vice-president of the new com-
pany (see Figure 7.3). He was responsible for the administration of three
separate divisions: (1) transportation, which included all of the trucks, vehi-
cles, and operators; (2) agriculture, which included all sugarcane growing
operations; and (3) factory, which handled all of the sugar processing oper-
ations, including energy production. Each division had one manager, who
was responsible for the operations at both the Laupahoehoe and Honokaa
facilities. Appointed as manager of the factory division was the former spe-
cial project assistant at Honokaa, Norland Suzor. He would be responsible,
along with his project design team, for completing the pelletizer’s design.
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Figure 7.3. Davies Hamakua Sugar Company: Organization Chart.

To begin the design process, the factory manager studied the original
plans and specifications of wood pelletizers that were currently in use. In
the basic design of these pelletizers, wood waste was first brought to the
pellet factory and conveyed to a grinder, which adjusted the wood to a
particle size appropriate for pelletizing. The ground wood was then con-
veyed to a heater, where its moisture content was reduced to about 22 per-
cent. The resulting wood fiber was then compressed under high temperature
and pressure into pellets measuring ¥1s to %2 in. in diameter. Finally, the
pellets were demoisturized to about 12 percent (see Figure 7.4).

Besides a review of the basic plans of existing pellet factories, two other
key activities were involved in the design process. First, although the factory
manager had the primary responsibility for completing the design, he con-
sulted regularly with the general manager, the vice-president of the agricul-
tural group, and the technical supervisor of sugar operations, who worked
with the group vice-president in Honolulu. This consultation allowed a
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Figure 7.4. The Woodex process. (Source: ‘“Woodex: The Refined Biomass Fuel,”” Bio-Solar
Research and Development Corp., Eugene, Ore., n.d.)

broad range of expertise to be used in the design. Second, to obtain practi-
cal information on how a pelletizer performed in the real world, several
trips were made to examine operating pellet factories. It was during these
visits that a major shortcoming was reidentified: External fuel and power
were required to operate the grinder, conveying system, demoisturizers, and
pellet mill. For the demoisturizers, fuel oil or a portion of the manufactured
pellets was used. For the grinder and other apparatus, electricity was pur-
chased from local utilities. The overall energy gain from pelletizing was thus
substantially reduced.
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In visualizing the pelletizer and the generating facilities of the sugar mill
as an integrated system, however, it was determined that the need for exter-
nal energy could be eliminated through two design modifications. First,
upon close examination of the bagasse fuel source, it was discovered that
about 50 percent of the bagasse contained enough fines, or finely ground
fiber, to be pelletized without adjusting its particle size. There was thus no
need for the particle adjuster. To take full advantage of this circumstance,
it was decided to convey all the bagasse to a screen, which would separate
coarse from fine bagasse. The coarse bagasse would be conveyed directly
to the boiler for fuel; the fine bagasse would be used to make pellets. In
addition to eliminating the grinder, there was another advantage to this sep-
aration: The boiler could be operated and controlled more efficiently be-
cause coarse bagasse tends to burn uniformly for a long period of time. In
comparison, when using bagasse with fines, the boiler was difficult to con-
trol because the fines tended to ignite rapidly and sometimes exploded.

A second design improvement involved the dryer. After analyzing the
pellet factory’s requirements in relationship to the sugar factory’s energy
production system, it was realized that the dryer could be operated by using
the exhaust flue gases. These gases ranged in temperature from 375 to S00°F
(176 to 246°C) and constituted residual emissions from the boiler. Using
the flue gases for the dryer would not only utilize wasted energy but would
also eliminate the need for an independent fuel source.

In integrating the dryer into the system, a further way to increase energy
efficiency was found. The large rotary dryer using flue gases was placed in
front of the screens that divided the coarse bagasse from the fines, resulting
in the drying of the entire volume of bagasse. The fuel quality of the coarse
bagasse was thus improved, with a reduction in moisture from 48 to 35
percent and an increase in the bagasse’s caloric value from 2290 to 2980
kcal/kg. The result was an increase in boiler efficiency from 62 to 78 per-
cent. Essentially, a ‘‘virtuous,’’ rather than a vicious, cycle was created.
Wasted energy from the flues was used to dry the bagasse; because of this
increase in fuel quality, less bagasse had to be used for fuel for the boilers;
because less fuel was required, more bagasse would be available to make
pellets. Consequently, wasted energy was transformed into fuel pellets—the
virtuous cycle.*

After these improvements had been built into the design, computer simu-
lations of the proposed pellet mill were run to estimate how the system
would perform under real-world conditions. It was particularly important
to see if the pellet mill could tolerate interruptions in the flow of bagasse,
which would occur periodically during the milling of the sugarcane. Other
important questions regarding the operation of the pellet mill included how
well the system could cope with the large volume of flue gas required for
the dryer and whether the screen system could adequately separate the total
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amount of bagasse. After running the simulations, it was seen that control
of all operating systems would be critical. Coordination among boiler oper-
ations, the sugar mill, and the peliet factory required a precise and immedi-
ate response to changing situations. Because many variables such as mill
speed, steam generation, steam distribution, and the supply of flue gas for
the dryer had to be adjusted and coordinated simultanecously, a computer-
ized control system was necessary. An IBM System 1 computer was thus
installed to monitor the system. Another potential problem was the screens,
which had to separate up to 60 tons of bagasse per hour. Because the screens
could easily become clogged or jammed in dealing with such a large volume
of fiber, a novel system of rotating and adjusting them was devised.

After all anticipated problems were resolved, the final design was com-
pleted. For this design, bagasse exited from the sugar mill at 50 percent
moisture. It was then conveyed to a large dryer, which was powered by the
boiler’s exhaust flue gases, and demoisturized to 35 percent. This demois-
turized bagasse was conveyed to the screen, which separated the coarse
from the fines. The coarse bagasse was fed to the boilers and the fine bag-
asse was put into another dryer, where its moisture content was reduced to
12-16 percent. Using high temperature and pressure, the mill then com-
pressed the fiber into small pellets with 10 percent moisture. These pellets
were cooled and stored for future use (see Figure 7.5).

When the drawings and specifications were completed, the world’s first
bagasse pellet factory had been designed. Although the process of extract-
ing fiber under controlled temperature, pressure, and moisture conditions
was the same as in the original design, significant modifications had been
made. In essence, a fusion of engineering had taken place and an original
technique for pelietizing wood fiber had been placed within the framework
of sugar technology. In this way, a new integrated energy system had been
created.

PHASE 2: SELECTION, APPROVAL, AND ACTIVATION

Selection Confirmed

The fuel that would be used by each system was examined in relationship
to its energy output to confirm the new design.’** For the existing system,
275,000 tons of bagasse with 50 percent moisture would be burned. Addi-
tionally, since a major goal of the company was to conclude a firm electrical
contract with the utility, it was assumed that 47,000 barrels of fuel oil would
also be required. As previously discussed, the oil would ensure a continuous
10 MW of power and would be used primarily during the three months
when bagasse was unavailable. The 275,000 tons of bagasse would have a
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Figure 7.5. The bagasse pelletizing process. (Source: Davies Hamakua Sugar Company.)

heat value of 60 x 10' Cal, and the fuel oil would have a value of 9 x
10'° Cal, for a combined total of about 69 x 10 Cal.

The proposed system would also require 275,000 tons of bagasse but
would use no fuel oil to fulfill the electrical contract. Instead, the new sys-
tem would dry the 275,000 tons of bagasse with flue gases, leaving 234,000
tons with 35 percent moisture. Approximately 160,000 tons of this bagasse
would be burned in the boiler, while the remaining 75,000 tons would be
converted into 58,000 tons of pellets (only 54,000 tons of pellets would be
burned). The heat value of the bagasse would be 44 x 10'° Cal, while that
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of the 54,000 tons of pellets would be 18 x 10' Cal, for a combined total
of 62 x 10'° Cal. It should be noted that the caloric value of bagasse in-
creased by 30 percent when it was dried to 35 percent moisture. Con-
sequently, although the 160,000 tons of bagasse represented only 58 percent
of the initial total, it contained 75 percent of its energy.

The caloric value of the fuel for the existing system would still be higher
than that for the proposed system. However, when actually used in the
boiler, the combination of pellets and 35 percent moisture bagasse would
produce more steam than the combination of fuel oil and 50 percent mois-
ture bagasse. This would occur because the boiler would actually operate
10 percent more efficiently when burning the pellets and the 35 percent
moisture bagasse. Boiler efficiency would increase from 71 to 81 percent.

When these factors were considered, the existing system, using 275,000
tons of bagasse and 47,000 barrels of fuel oil, would produce 49 x 10" Cal
of steam; the proposed system, using the same amount of bagasse but no
fuel oil, would produce 50.49 x 10'° Cal of steam. In terms of electrical
production, the existing system generated 104.59 million kWh/yr, while the
proposed system generated 108.84 million kWh/yr. The additional electrical
production would be used to power the pellet mill. In comparison to the
existing system, then, the proposed system would eliminate the purchase of
47,000 barrels of fuel oil, produce more energy, and even create a surplus
of pellets. Table 7.5 compares the two systems.

TABLE 7.5. NET ENERGY COMPARISON BETWEEN DAVIES’ EXISTING SYSTEM
AND PROPOSED SYSTEMS.

EXISTING SYSTEM PROPOSED SYSTEM
(WITHOUT PELLET MILL) (WITH PELLET MILL)
Fuel requirement for operations
Bagasse 275,000 tons at 165,000 tons at 35%
50% moisture moisture (100,000 tons

for boiler; 65,000 tons
for pellets)

Bagasse pellets 0 54,000 tons
Fuel oil 47,000 barrels 0
Total power generated
Electricity 104.6 x 10° kWh 108.7 x 10° kWh
Steam 49.08 x 10'° Cal 50.49 x 10' Cal
Power requirements
For sugar processing 17.29 x 10° kWh 17.29 x 10° kWh
For pelletizing 0 4.15 x 10° kWh
For electric contract 87.3 x 10° kWh 87.3 x 10° kWh

Boiler efficiency 71.3% 80.9%
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Approval

Approval to proceed with the pelletizer had been received from Davies’
Hong Kong head offices in August 1979. Before funds were formally com-
mitted, however, the finances had to be coordinated within the company.
Specifically, the cost of the pelletizer had to be put into the Davies capital
expenditure plan for 1980 and formally reviewed at the Davies annual man-
agement meeting in December 1979. By the time of the meeting, fairly firm
cost estimates for the pelletizer had been calculated. Based on the final de-
sign, the pellet mill would cost approximately US$1.9 million and the pellet
warehouse would cost US$0.6 million, for a total of US$2.5 million.

Against this cost, the energy savings of the pelletizer to the entire system
were projected to be 47,000 barrels of fuel oil annually, plus a surplus of
3200 tons of pellets. As of January 1980, the price of residual fuel was
US$26 per barrel. A standardized corporate cash flow formula was used to
determine the total savings of the system. When this calculation was com-
pleted, it was estimated that the pellet mill would have a payback period of
three to four years. Based on the overall savings and the payback period,
the pelletizer was incorporated into the capital expenditure plans of the
company.

Another important development occurred during this period regarding
the agreement between Bio-Solar and Davies. During the summer of 1979,
Bio-Solar and Davies had negotiated an agreement whereby Davies received
the master license for the Woodex process in the State of Hawaii. Any other
company wishing to use the pelletizing process would have to work through
Davies to build a pellet mill.

In late 1979, after examining the design for the bagasse pelletizer, the
officials at Bio-Solar realized that the engineering was so different from the
original wood pelletizer that it constituted a new technology, even though
it used the same pelletizing principles. For this new generation of bagasse
pelletizer, the personnel at Davies had the only real expertise. Bio-Solar thus
decided to extend Davies’ license to all areas in which Jardine-Matheson
had offices, and also to use Davies personnel as consultants whenever a
bagasse pelletizer was being considered.

PHASE 3: IMPLEMENTATION

By late 1979, the factory manager and general manager at Davies had com-
pleted their ordering for the pelletizing equipment, the screening system,
and the dryer; by March 1980, construction of the pellet mill and installa-
tion of the equipment had begun. Like the design, all work in carrying out
the project would be done in-house by Davies personnel. For example, the



HAWAII BAGASSE PELLETS PROJECT 183

foundation work for the pellet factory and the warehouse would be done
by Hilo Iron Works, a subsidiary of Davies; and the design, surveying, and
all other engineering would be conducted by the sugar company’s engineer-
ing group. The project would be coordinated by the factory manager and
the general manager, while on-site supervision would be handled by the
factory superintendant. Personnel required for the electrical work and other
construction were recruited from the sugar company’s factory division and
constituted the project construction crew.

The use of company employees to carry out projects was a long-standing
policy at Davies. In this regard, the management felt that they hired compe-
tent and capable people and that, as a routine matter, they should be used to
modify or improve any of the existing operations. This policy was deemed
especially appropriate for the pelletizer project. Company employees were
well qualified; they were experts in sugar engineering and technology, as
well as in power engineering as it related to the factory-generating system.
Moreover, by building the pelletizer themselves, company personnel would
strengthen their ability to repair, maintain, and modify the pellet system,
which would be necessary in the future. Building the pelletizer with com-
pany personnel would thus be an investment in people. Finally, and most
important, the pelletizer had been designed by company personnel espe-
cially for the situation in a sugar factory. Since no similar pelletizer had
ever been designed, much less built, the management felt that company em-
ployees were most familiar with what had to be done and thus were most
qualified to carry out the project.

Since construction of the pellet mill was still going on when this case was
being written, it is possible only to describe the planned activities of the
next two project phases according to the project schedule laid out by the
factory manager and the general manager in early 1980. The pellet mill and
warehouse would be built, installed, and fitted during the spring and sum-
mer of 1980. While construction was in progress, the personnel who would
operate the mill were to be hired and trained. Three complete shifts, with
three to a shift, were hired and began training in May 1980. By August, it
was anticipated that all training would be completed and that the pelletizing
system would be finished. During September, testing and debugging, as well
as familiarization with the operation of the pellet factory, were scheduled.
Finally, if all tasks were accomplished on schedule, the pellet factory would
be in full operation by December 1980.

While project tasks were being accomplished, the general manager in-
tended to complete negotiations with the utility company for a firm electri-
cal contract. The management of the sugar company would guarantee to
have 20 MW on line continuously from January through November; during
December they would guarantee to have 8 MW on line. The sugar process-
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ing operations at the Honokaa factory would operate for nine months; dur-
ing the three months when no bagasse would be available, the store of pel-
lets would be used.

PHASE 4: EVALUATION

Both HCPC and Davies are major producers of electricity, with installed
capacities of 23 and 15 MW, respectively. They became major energy pro-
ducers at slightly different times and under different circumstances, which
partly explains their different situations today. In concluding this case, it is
useful to review some of the factors that led to their present situations.

HCPC arrived at its present position as a result of the need to replace
aging equipment and to comply with pollution regulations, two events
which occurred at about the same time and forced corporate officers to
consider alternatives to their present operations. The policy decisions that
brought the company to its present position were based on extensive and
comprehensive studies that identified numerous options whose outcomes,
though predicted, were still uncertain. The current situation, however, is at
least as much the result of chance as it is of those decisions. There was, of
course, no way to predict what pollution legislation would be passed in
Congress or how it would be enforced by the EPA; nor could corporate
decision makers predict the oil shortage and price increases resulting from
OPEC policies or even that sugar prices would be so unstable during the
mid-1970s. Thus, circumstances largely beyond the control of HCPC were
responsible for the decision to produce power for sale, but that decision
turned out to be a wise one.

The decision to produce and sell electricity was based on known and
proven technology which the sugar companies had themselves developed
over the years. As such, little or no research or development was necessary,
and the only major technical questions that had to be answered dealt with
the amount of bagasse available and the amount of power it would produce
through various combinations of boilers and turbogenerators.

As for Davies, it is possible to say that, thus far, the modernization pro-
gram is successful, having reduced the company’s purchases of fuel oil
while increasing its energy efficiency. It is not possible, however, to assess
the program fully until the pelletizer is completed and the results of its op-
eration are known. In conclusion, then, two factors stand out as the pri-
mary influences on Davies’ present situation: the planning of energy im-
provements and the policy of relying on company personnel to execute all
phases of the project.

The planning of energy improvements at Davies was guided by a policy
of increasing energy conservation and energy efficiency for the sugar oper-
ations. This policy had two important effects in shaping the energy pro-
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gram. First, it maximized the energy potential of the plantation’s existing
resources. For example, the simultaneous milling process was instituted not
so much because it increased commercial generating potential but because
it made use of the plantation’s trash, converting waste matter into fuel.
Likewise, when it came time to select boilers and generators, the equipment
chosen was matched to the amount of fiber the plantation actually pro-
duced. Only after energy conservation and efficiency were optimized at the
plantation was the pelletizer built and a commercial electrical contract nego-
tiated. The policy thus proved a reliable foundation of power operations
that was appropriate to the sugar plantation’s existing capabilities and re-
sources.

The second major effect of Davies’ energy conservation and efficiency
policy was that it provided a long-range, systematic framework for analyz-
ing the plantation’s power operations. In essence, systematic, long-range
planning was the only real way to increase energy conservation and effi-
ciency. Given this framework, all energy-related activities had to demon-
strate long-term benefits to the entire system. For example, when the pellet-
izer was analyzed, it was found acceptable because it increased the amount
of net energy for the system by conserving fuel oil. Likewise, when an elec-
trical contract was first considered, the necessity of importing oil to meet
generating commitments was viewed as a long-term reduction in energy con-
servation. Although more power could be generated, the purchase of fuel
oil would mean that energy was being wasted in transporting the fuel oil to
the plantation. Additionally, with the long-term prospects of increasing oil
prices, fuel oil would become an increasingly costly source of energy. Only
after the pelletizer made it possible to eliminate imported fuel did negotia-
tions for a firm electrical contract begin.

The use of company employees to design, plan, and carry out projects
was also extremely influential in shaping the energy improvement program.
By using their own personnel, the company was able to allow a fusion of
ideas to take place in the projects. Whenever an energy project was planned,
the employees were able to use their knowledge of the sugar process to
integrate the new technology with existing operations. This resulted in an
energy technology uniquely suited to sugar operations. In the pelletizer
project, for example, company employees were able to eliminate the pellet
mill’s need for independent sources of heat and power by using flue gases
from the boiler and electricity produced by plantation generators. Essential
to this improvement was the employees’ knowledge of sugar operations,
which made it possible for them to take advantage of the sugar mill’s exist-
ing resources.

The use of company employees also had the effect of making all energy
improvements adjuncts of the sugar operations. Energy projects were de-
signed not to produce the maximum amount of power with the highest effi-
ciency but to optimize power production within the context of sugar oper-
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ations. In essence, power generation was a component of the sugar process;
as such, it had to be integrated into the factory system.

Several further points should be made concerning the use of company
personnel and the planning process at Davies. First, Davies did take some
risks in relying on company personnel to carry out projects. Their employ-
ees, although experts in sugar technology, would be adapting and modifying
technologies with which they had limited experience. This was particularly
true in expanding power operations, a process new to the employees. None-
theless, Davies had enough confidence in the competence and ability of its
employees to undertake the risks without the use of outside consultants.
Second, the planning process at Davies benefitted from the experiences of
HCPC. The problems HCPC encountered in generating electrical power
and negotiating a contract did help Davies in their endeavors. Finally, Da-
vies made many of their energy decisions after 1973. They were thus able
to see the necessity for conserving energy and increasing self-sufficiency.

What lies in the future in energy production for the two companies? Their
substantial capital investments in new equipment each year belie rumors
that HCPC may close, as do the increasing prices of sugar and fuel oil
on the world market. Brewer’s* investment in the eucalyptus wood chip
experiment, its proposal to produce ethanol from molasses, and the search
for a cane variety that yields a higher Btu content all provide evidence that
HCPC and Brewer are committed to biomass conversion.

Davies continues to be profitable as a sugar producer. It is, however, also
continuing its policy of energy conservation and efficiency and is committed
to maximizing its power-producing capabilities. One future plan being con-
sidered is to work out the problems of pelletizing at the Honokaa mill com-
pletely and then to build a pelletizer at the Laupahoehoe mill. When and if
this plan succeeds, Davies will considerably increase its power capabilities,
thus opening up the possibility of exploring biomass conversion as well.

EPILOGUE

The Davies Hamakua Sugar Company became the Hamakua Sugar Com-
pany, Inc., early in 1985. Linking the bagasse pelletizing process with the
overall modernization program has resulted in a greatly improved energy
efficiency and a greatly increased bagasse fuel production, with an antici-
pated dramatic reduction in the 47,000 barrels of imported oil deemed nec-
essary during the nonharvesting period each year. The bagasse drying and
pelletizing plant is functioning as an energy enhancing operation by absorb-
ing flue or stack gases which were formerly lost to the atmosphere, and is
thus also beneficial to environmental control.

*C. Brewer and Company, Ltd. is the largest producer of biomass energy in Hawaii, and
HCPC is one of its sugar companies.
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The plan to have 20 MW on line continuously for 10 to 11 months each
year has not yet materialized. There are two reasons: (1) the failure of
power-generating units in 1982 and 1983 and (2) the second driest year on
record in 1984, resulting in a very light cane crop in 1985. However, expan-
sion plans will approach the goal of 20 MW on line in the future, resulting
in an increase of power sales of at least 50 percent. In addition, there is
presently in construction an integrated system to produce a feedlot opera-
tion to fatten local ranchers’ cattle, a slaughterhouse, and a rendering plant.

The diversification into cattle feed raises the universal issue of how to
mix fuel and food as part of a company’s decision to modernize in the
interest of productivity in order to maintain or increase the level of employ-
ment. At this time, it is not known how this mix or integration will affect
the production of electricity at Hamakua. The economics of biomass for
cattle feed are becoming increasingly important in Hawaii. However, it is
only one parameter in perhaps the most significant and controversial re-
search issue to emerge from the cases and literature on biomass energy. That
issue is the relationship between food and fuel—whether biomass should be
directed into one of these channels or the other, or into an appropriate mix
of both. Depending upon the complex set of variables present in each na-
tional or state setting, a series of arguments can be made both for and
against either use of biomass resources. Some examples of statements in
favor of biomass energy development over investment in food resources are
the following:

1. A substantial amount of energy goes into food production—i.e.,
transportation, fertilizers, production equipment, and herbicides—all
mainly petroleum based. Biomass would provide an energy tradeoff
and replace much of the fossil fuels currently used, which have be-
come increasingly costly since the 1973-1974 oil embargo.

2. Proper management of agricultural and silvicultural biomass produc-
tion should and can occur to alleviate current use problems such as
depletion of forests or leaching of soil nutrients. Double cropping, for
example, can be applied to areas that are unproductive for parts of the
year due to the seasonal character of the primary crop. Furthermore,
existing technologies may be applied for increasing yields, superior
genetic strains, and better fertilizers/irrigation.

3. Much of the feedstock used in many types of biomass production is
total waste: i.e., human and animal excrement or agriwaste such as
corn cobs, bagasse, and timber ‘‘slash.”’ (The main issue of the food-
versus-fuel debate, it should be noted, seems to be how biomass en-
ergy compares with food energy. The most questionable use of mate-
rials seems to be the use of high-quality grains such as wheat, corn,
and others to produce alcohol fuels as a petroleum substitute.)
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Equally persuasive statements have been made opposing the development
of biomass energy at the expense of food products:

1. Heavy energy consumers such as the United States have high energy-
per-capita consumption. Therefore, biomass energy production (spe-
cifically, alcohol fuels from grains) will ‘‘take food from the mouths
of the hungry,”” with the need to fuel cars taking precedence over the
export of grain to countries in need of aid.

2. In most countries, a general shift toward urbanization and increasing
population has reduced the amount of timber and agricultural land
available for large-scale biomass production.

3. Furthermore, most countries have exhausted their virgin land, and
what now exists is suffering from nutrient depletion and erosion prob-
lems.

4. Marginal cropland (often suggested for biomass production) requires
greater energy input than prime land, thereby making the concept of
biomass fuel economically unfeasible.

These issues raise questions that defy simple answers and cannot be re-
solved here, but they must be seriously considered by policy makers and
planners involved in making choices.

A recent workshop on biomass fuels, or biofuels,* in Honolulu recom-
mends the establishment of an association (Hawaii Biomass Energy Associ-
ation) to encourage or promote the use and development of biomass energy
in the State of Hawaii. A basic element of the proposed research program
is a biomass energy plantation development program. The author and his
colleagues from the Asian-Pacific Region articulated the principle of ‘‘en-
ergy farming’’ in 1979-1980, the basic concept of which is covered in Ap-
pendix D.3* With proper planning and management, an energy farm can be
both productive and environmentally benign.
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CHAPTER 8

The Trans-Alaska Pipeline System

The Trans-Alaska Pipeline System case history* is one of 30 cases re-
searched and published by the East-West Center during the period 1977-
1982 with partial support from an Exxon Education Foundation grant. The
sources used for this case are those generally available to the public, includ-
ing special evaluative reports following completion of construction. TAPS
is a complex project with many legal challenges that delayed the start of
construction for over three years. The case provides many useful lessons,
as analyzed in the Evaluation and in Chapter 9.

BACKGROUND OF THE PROJECT

The Trans-Alaska Pipeline System (TAPS) carries crude oil from Prudhoe
Bay on the North Slope to Port Valdez on the Gulf of Alaska. Massive
design and construction problems were encountered in all components of
the system: the 800 mi of pipeline, the marine terminal, and the pump sta-
tions.

Had this project been undertaken in a more accessible location, the proc-
ess of planning, design, construction, and implementation might have been
far simpler.” The nature of Alaska itself—its location, difficult terrain, and
harsh climate—created massive design and construction problems. Its fish,
coastal mammals, and other wildlife represented unique commercial and
ecological resources which, to some extent, would be threatened by oil de-
velopment. The aesthetic values of Alaska and its virtually unspoiled natu-
ral environment focused the attention of environmentalists on the state.
Other significant factors included the world’s energy supply-and-demand
relationships, the civil rights movement in the United States, a claims move-
ment among indigenous groups in Alaska, and the socioeconomic charac-
teristics of the state.

Of direct interest to this discussion is the project’s environment—its phys-
ical, climatic, and natural resources.

*Adapted from The Trans-Alaska Pipeline, a case history by George Geistauts and Vern
Hauck (edited by L.J. Goodman and R.N. Love), Honolulu: East-West Center, Resource
Systems Institute, 1979.

tThis does not suggest that later planning and design problems could have been eliminated.
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Physical Environment

The State of Alaska includes 586,000 mi? (1,517,740 km?)—over 375 million
acres of land and inland water areas. Located in a semipolar region, 83
percent of it lying north of the 60th parallel and 27 percent north of the
Arctic Circle, Alaska is far removed from the U.S. mainland.

Geographical features such as mountain ranges divide Alaska into several
major regions, each with distinct geographic, climatological, and ecological
features.

The region north of the Brooks Range (the North Slope) has a temper-
ature range from 90°F to less than —60°F (32 to —51°C), with a mean
annual temperature of 10-20°F (—12 to —7°C). Because of its very low
precipitation, this area is referred to as an ‘‘arctic desert,”” even though the
presence of permafrost (a condition in which, because of the short summer
season, only the surface ground melts; underneath, the ground remains per-
manently frozen) prevents water from being absorbed into the ground and
creates an ideal nesting area for waterfowl. The interior area south of the
Brooks Range and north of the Alaska Range [which includes Mount Mc-
Kinley—at 20,320 ft (6195 m) the highest point in North America] has
greater temperature extremes, ranging from over 100°F to less than —70°F
(38 to —57°C) and greater precipitation. The massive Yukon River winds
its way through this region from its origins in Canada to the Bering Sea.
This area includes Fairbanks, the state’s second largest city.

The area south of the Alaska Range represents a transition to a maritime
climate along the Gulf of Alaska’s shoreline. Precipitation in this region is
much higher and temperature changes are more moderate. All terminal sites
which received serious consideration from TAPS were located in this mari-
time climate. Anchorage, the state’s largest city, is located in this transition
zone.

The state contains the 16 tallest mountains in the United States, more
than 120 million acres of lakes, approximately 11 million acres of glaciers,
and 10,000 streams and rivers. From 40 to 90 rivers are considered by differ-
ent sources to have recreational and wilderness values of national interest.
Alaska has over 47,000 mi (75,639 km) of tidal ocean shoreline.

Attracted by the scenery, camping, fishing, and hunting, visitors to
Alaska enjoy the opportunity to experience the wilderness. The value of
these resources cannot be measured solely in terms of revenue from this
major industry in Alaska. The recreational opportunities and the wilderness
experience are also very important to Alaskans themselves, since many
moved to the state because of its wilderness character.

Alaska contains a number of minerals of national interest, including anti-
mony, asbestos, chromium, copper, gold, iron, lead, and silver. Gold min-
ing, an Alaska tradition, was responsible for the state’s prosperity at the
turn of the century, but gold now is produced on a relatively small scale.
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Alaska’s energy-related resources include coal, uranium, a large number of
hydroelectric sites, and significant geothermal potential. The most commer-
cially exploitable resources are oil and gas. The TAPS could ultimately be
expected to serve not only the Prudhoe Bay field but other northern fields
as well, including offshore fields in that region.

Timber is a major harvestable resource in southeast Alaska but has minor
commercial significance elsewhere. Finally, Alaska has been estimated to
have great agricultural potential, even though the infrastructure to exploit
it is not present and agricultural activities are of minor importance.

Wildlife

Because Alaska is a vast storehouse of natural resources, the state became
a focal point in the battle between a development-oriented industry and
environmentalists. Of particular significance to environmentalists (as well
as indigenous Alaskans, fishermen, and others who utilized them for profit
or for recreation) are resources such as fish, birds, and marine as well as
terrestrial mammals, and a number of rare or endangered species (see Figure
8.1). Both pipeline and tankers would pass close to or through the habitats
of much of this wildlife. While the oil companies assured everyone that
environmental damage would be minimal, many of those outside the indus-
try remained skeptical.

Traditionally, the primary renewable resource in Alaska has been fish.
The salmon fishery, for example, is the major source of employment for
many coastal communities. Additional coastal fishing resources include hal-
ibut, king crab, and shrimp. Inland fisheries are primarily sport oriented,
although a number of rural-area residents depend on inland fish stocks for
subsistence. An oil spill accident along the coastline or a massive leak from
a pipeline in the interior, then, could endanger a substantial economic and
recreational resource.

Alaska provides 70 million acres (28,329,000 hectares) of the breeding
habitat for 20 percent of all North American waterfowl (see Figure 8.1),
which are an important source of food to Alaskans and an important game
for recreational hunters throughout the United States. Alaska’s coastline
provides a feeding and breeding habitat for 27 species of marine mammals,
including whales, walrus, seals, sea lions, and sea otters.

Alaska also is the home of polar bears, caribou, moose, black and brown
bears, sheep, musk oxen, and many small fur bearers. Polar bears (which
were declining alarmingly just a few years ago, but which have since recov-
ered under a hunting prohibition) are found along the northern and north-
western Arctic coast. Caribou are found throughout most of the state, espe-
cially in the Arctic areas. It was felt that the caribou’s migration pattern
might be altered by the disruption caused by the pipeline construction or
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Figure 8.1. TAPS route, showing the physical environment and wildlife of Alaska. (Source:
Compiled by the East-West Resource Systems Institute staff.)

even by its mere presence. Such a disruption might mean a drastic reduction
in herd size.

PHASE 1: PLANNING, APPRAISAL AND DESIGN

Identification and Formulation

Early in 1968, the Atlantic-Richfield Company (ARCO), which had been
engaged in exploratory drilling on Alaska’s North Slope, announced that its
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well had encountered a substantial flow of gas at 8500 ft (2591 m). Further
exploratory drilling confirmed that significant amounts of oil and gas were
indeed present, and in a few months it became clear that reserves in the
area represented the largest oil field ever discovered in the United States.
The site of the discovery, the Prudhoe Bay region on Alaska’s Arctic Ocean
coastline, is a remote area which was then accessible year round only by air
and only briefly during the summer by ships. The magnitude of the field
clearly made it a priority for development to the production stage but, just
as clearly, a major transportation system would have to be constructed be-
fore any oil could be sent to market.

The system ultimately chosen was a pipeline: an 800-mi (1287-km) link
from the Arctic coast to the ice-free port of Valdez on the Gulf of Alaska.
In Valdez, oil would be shipped by tankers to refineries or other pipelines
on the U.S. West Coast. The oil industry companies* proudly proclaim that
the Alaska Pipeline turned out to be ‘‘the most expensive privately-
financed construction project in history,”” and for many, it represents a tri-
umph of technology and engineering over a hostile environment.

The pipeline/tanker system decision resulted from experience with arctic
climatic conditions and related problems such as the need for special rein-
forced tankers with icebreaking capabilities in the Northwest Passage—
channels between the Canadian mainland and the large islands. Shipping
west is also difficult and dangerous, and would only be feasible during a
brief period in late summer. By comparison, a pipeline appeared to present
fewer problems. In addition, Valdez is the most northerly ice-free port in
Alaska, thereby providing the shortest possible pipeline route from the
North Slope. Water depths within the port are more than adequate for the
largest tankers afloat, and the port has good wind protection from sur-
rounding mountain ranges. Furthermore, no native settlements exist within
the area proposed for the terminal.! Figure 8.1 shows the pipeline route
superimposed on a map illustrating the physical environment and wildlife
habitats.

Preliminary Design: Feasibility Studies

The preliminary route selection was based on a combination of soil borings,
soil temperature readings, air temperature data, geological studies, and aer-
ial photographic interpretations. A right-of-way 100 ft in width was recom-
mended for construction purposes for both pipeline excavation and haul
road construction.

A formal application was filed by TAPS with the Office of the State Di-
rector, Bureau of Land Management, Anchorage, on June 6, 1969, for the

*In October 1968, ARCO, Humble, and British Petroleum formed the Trans-Alaska Pipeline
System (TAPS) as an unincorporated joint venture.
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pipeline right-of-way. The application included the need for 11 pumping
station easements, each 1200 by 1600 ft. Air strips of approximately 200 by
5000 ft were requested for stations 3 and 4. The rationale for the prelimi-
nary design selection is best summarized in the following excerpts from the
application:

One of the prime considerations in selecting the route applied for herein
was an in-depth analysis of soil conditions to insure a pipeline location
providing maximum physical stability, maximum burial of the pipeline,
and minimum disturbance of the natural environment. Extensive field
examination in conjunction with ground-proofed aerial photographic
interpretation was used in plotting the pipeline and construction road
right-of-way alignment.2

There are numerous special studies in progress to determine the best
method of handling the Ecological, Archaeological and Conservation
problems that will be encountered during and after the construction of
the pipeline and road. Results of these studies will establish procedures
to be used to meet all requirements of minimum changes to the terrain.?

In summary, the TAPS proposal was for a 48-in (122-cm) diameter hot-
oil pipeline which would be buried for over 90 percent of its 800-mi (1287-
km) length. The initial capacity would be 500,000 barrels a day, rising in
stages to 2 million barrels a day. Approximately 641 mi (1031 km) of the
line would be across federal lands, with completion expected sometime in
1972. The application also requested a right-of-way and permit to build a
haul road of slightly less than 400 mi (644 km) to support construction.

At this time, a ‘‘land freeze’’ moratorium on the disposition of federal
lands in Alaska pending resolution of indigenous Alaskans’ claims was in
effect, but the TAPS owners nevertheless hoped for quick approval. In their
view, permits would be granted in July 1969, and construction would follow
shortly thereafter. TAPS had already made a substantial financial commit-
ment to the pipeline by ordering 500,000 tons of 48-in. (122-cm) pipe for
US$100 million from three Japanese companies earlier in the year. An addi-
tional US$30 million order had also been placed for several of the giant
pumps required to move the oil. ARCO’s commitment already included a
decision to build a new refinery at Cherry Point, Washington, to handle
North Slope crude oil. (In September 1969, ARCO placed an order with the
Bethlehem Steel Company for three new 120,000 dead weight ton tankers.)

Prior to approval of the pipeline system and route, a series of debates
took place between supporters and opponents in 1968 and 1969. Those who
supported the project included:

1. The oil industry, which had a resource but no way to reach a market.
2. The State of Alaska, particularly through its government, which



196 PROJECT PLANNING AND MANAGEMENT

would derive substantial economic benefits from royal revenues and
severance taxes (the state, in effect, owns 25 percent of Prudhoe Bay
oil).

3. Local state businesses and governments, which would benefit from
increased economic activity and an increased tax base.

4. Economically and defense-oriented federal government agencies, for
whom economic growth, reduced balance-of-payments deficits, and
energy independence were of prime importance.

Those who opposed the design choice included:

1. The environmentalists, who feared irreparable damage to the environ-
ment from both the TAPS project and subsequent development.

2. Federal agencies charged with preserving environmental quality.

3. Some members of Congress, who either supported environmentalists
or who preferred to have the oil diverted to the interior United States,
primarily the Midwest.

4. The indigenous Alaskans, who did not want to have land they were in
the process of claiming crossed by a pipeline prior to the establishment
of their claims.

5. Some Canadians, who either favored a Canadian route on economic
grounds or felt that tankers posed a severe ecological hazard to Cana-
da’s western coastline.

6. Some Alaskan fishermen and a number of other residents who pre-
ferred a simple, nonindustrialized lifestyle.

These delineations are, of course, oversimplified: Some environmentally
concerned individuals also work in the oil industry, and not everyone in
Alaska’s state government favored the pipeline. The desires of opponents
also differed: Some extreme environmentalists wanted to stop the project
totally, while most others wanted to impose environment-preserving modifi-
cations.

Essentially, five basic alternatives emerged, apart from not developing
the oil field at all. The alternatives were:

1. The TAPS proposal of a combined system of pipeline and tankers,
which would deliver oil to the U.S.