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ABSTRACT 

During the past ten years there has been a resurg

ence of growth in the small hydropower industry in the 

United States. However, many feasibility studies performed 

for these new hydropower projects have been judged 

inadequate for their intended purpose. Various critical 

issues have been inadequately addressed or completely 

omitted in these deficient studies and reports, resulting in 

project delays and cancellations. 

This thesis provides guidance to both preparers and 

users of feasibility studies for small hydropower projects. 

The role of the feasibility study is discussed in terms of 

the planning process, and a general checklist of potential 

items for investigation is presented. Notes for the 

investigator (preparer) and the developer (user) provide 

supplementary information to be used with the checklist. 

It is the author's intent to help improve the 

quality of future feasibility studies and reports for small 

hydropower projects by providing preparers and users with a 

better understanding of how to proceed to produce a high 

quality feasibility study and what constitutes a complete 

and adequate feasibility study and report for a small 

hydropower project. 
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CHAPTER 1 

INTRODUCTION 

A millpond which was constructed in the 1930s sits 

in silence as it has for the past 30 years. At one time the 

millpond supplied water to a waterwheel which powered an old 

mill. A steady stream of water now spills over the dam 

crest, falling some 25 feet to the streambed below. 

White water foams and boils as it surges through a 

steep drop on a river. Low falls and large boulders cause 

the rushing water to noisily make it's way downstream. In 

only one mile of distance the river drops some 200 feet in 

elevation. 

A navigation lock and dam is situated in a wide 

slow-moving river. Large volumes of water steadily flow 

under the numerous gates during most months of the year. 

The dam creates an 18-foot difference between upstream and 

downstream water surface elevations throughout most of the 

year. 

At each of these, sites potential energy is being 

expended as the flow of water loses it's height and moves to 

a lower elevation. Similar sites exist throughout the 

United States and around the world. They represent a 

clean, efficient, and renewable source of energy. 

1 
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The fact that these sites exist has drawn much 

attention in the past decade. Spurred on by the energy 

crisis of the early 1970s, a resurgence of interest has 

occurred in the field of small hydropower. Sites similar to 

these have been and continue to be looked at as potential 

sources of electrical energy. Small hydroelectric power 

plants have been constructed at numerous sites of this type 

and are now producing power. Small-scale hydroelectric 

projects have capacities of 30 MW or less as defined in the 

Public Utility Regulatory Policies Act of 1978. 

Who is interested in developing a site of this 

type? Potential developers can be the municipality located 

beside the navigation dam, the water treatment plant located 

beside the old millpond, or a private developer exploring 

the investment potential of installing a hydro plant in the 

ravine. Municipalities, industry, and private developers 

alike are interested in harnessing flowing waters which can 

produce electricity. 

The Feasibility Study 

The potential developer of a site will have two 

basic questions: first, what size and type of development 

is appropriate for the site and, second, will it be a sound 

investment decision to proceed with development of the 

site. The feasibility study is the means by which a 

potential developer can answer both questions accurately and 
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with a minimum of expense. Most small hydropower developers 

normally do not have the capability to adequately or 

accurately assess feasibility of developing a potential 

hydropower site because the personnel, talents, and 

resources required to perform an adequate feasibility study 

are numerous and varied. The questions and issues which 

need to be answered and addressed are also numerous and 

varied. It is for these reasons that hydro developers 

should employ a qualified consulting engineering firm to 

assess the feasibility of developing a site. 

The small hydropower industry can be expected to 

continue to grow as long as the economics of the energy 

industry show small hydro to be an attractive financial 

investment. As long as small hydropower plants continue to 

be developed there will be a need for quality feasibility 

studies. It is vital to the success of the small hydropower 

industry that feasibility studies be of the highest quality. 

Purpose of Thesis 

Many small hydro feasibility studies prepared re

cently have been judged inadequate for investment decisions 

(IECO, 1985). This thesis is intended to directly address 

these inadequacies. The purpose of this thesis is to con

tribute to the overall improvement of future small hydro-

power feasibility studies by providing guidance for the 
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preparer as well as the user of a feasibility study, as 

follows. 

The Preparer 

The preparer of a feasibility study for a small 

hydropower development is responsible for investigating and 

reporting on all issues pertinent to complete assessment of 

feasibility for the site being studied. The preparer must 

know which issues must be addressed in a specific feasibil

ity study as well as which of these issues are the most 

important. The preparer typically has a technical back

ground and, therefore, the information and explanations 

directed to the preparer can be written in a technical 

manner. 

The User 

The user of a feasibility study is concerned 

with making a wise investment decision based on the study 

results provided by the preparer. In order to have confi

dence in an investment decision, the user must first of all 

have confidence in the feasibility study itself. While 

users need not know or understand the detailed technical 

mechanics involved in preparing a feasibility study, they 

must be able to distinguish between an adequate and an 

inadequate study. The user typically has a nontechnical 
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background and, therefore, the information directed to the 

user must be relatively nontechnical in nature. 

Thesis Organization 

The thesis includes five major chapters: Inadequa

cies in Current Feasibility Studies, the Planning Process, 

General Checklist for Small Hydropower Feasibility Studies, 

Notes for the Preparer, and Notes for the User. A brief 

description of each chapter and it's purpose follows. 

Inadequacies in Current Feasibility Studies 

This chapter identifies the serious inadequacies 

currently found in many feasibility studies being produced 

in the United States for small hydropower projects. The 

importance of improved quality in future feasibility studies 

is discussed in relation to the future of the small hydro-

powe r i ndus try. 

The Planning Process 

This chapter describes the planning process and 

identifies: 

* the three primary planning studies; reconnais

sance, feasibility, and design studies. 

* the role and purpose of reconnaissance and 

feasibility studies in the planning process. 

* the major elements of a small hydropower 
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feasibility study report and what constitutes an 

adequate and complete feasibility study. 

General Checklist for Small Hydropower Feasibility Studies 

The general checklist includes guidance for both 

preparer and user and is broken down into 14 major elements, 

with each element further broken down into individual 

items. The purpose of the general checklist is to provide 

both groups with a listing of all potential items which 

should be considered in a feasibility study. Both the 

preparer and the user will require supplemental guidance in 

using the general checklist (additional explanation and/or 

technical detail). Since preparers and users of feasibility 

studies have very different responsibilities and needs, and 

since the technical backgrounds of the two groups is usually 

very different, supplemental guidance for use of the general 

checklist has been divided into two sections, notes for the 

preparer and notes for the user. 

Notes for the Preparer 

This chapter presents the detailed guidance feasi

bility study preparers need to adequately address items on 

the checklist. The guidance includes: defining preparer 

responsibilities, outlining mechanics of feasibility study 

preparation and documentation, and defining the scope and 

purpose of each major element of a feasibility study. The 
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definitions and language used in this section are technical 

in nature because studies by preparers are technically 

detailed. 

Notes for the User 

This chapter presents the detailed guidance feasi

bility study users need to adequately understand items found 

on the checklist. This guidance includes: defining user 

responsibilities, providing users with an understanding of 

the mechanics of how a feasibility study is initiated and 

performed, describing what should be investigated in a 

feasibility study report, and, what are the most important 

areas of an investigation which should be included in a 

feasibility study report. The definitions and terminology 

used in this section are nontechnical in nature because they 

provide explanation which facilitates a user's (layman's) 

understanding of items found on the checklist. 



CHAPTER 2 

INADEQUACIES IN CURRENT FEASIBILITY STUDIES 

A recent assessment of feasibility studies being 

produced in the United States, performed by International 

Engineering Co. (IECO), indicates serious deficiencies in 

quality and content of many studies. In the article 

Feasibility Studies: A Closer Look, Cunningham (1984) states 

that "the majority of the studies lacked necessary informa

tion". Cunningham's observations are based on information 

developed in a comprehensive evaluation of feasibility 

studies performed by IECO, the findings of which were 

published in 1985 as Small Hydro Technology Transfer 

Project- Task A, Feasibility Studies. 

Small Hydro Technology Transfer Project-
Task A, Feasibility Studies 

Background 

In 1977 the Department of Energy (DOE) initiated the 

National Small Hydropower Program to promote the development 

of small hydropower in the United States. The program 

was comprised of three subprograms; Engineering Development, 

Technology Development, and a Loan subprogram. The last two 

of these subprograms assisted potential hydropower 

8 
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developers in deferring costs associated with feasibility 

investigations of proposed projects. 

In 1982 the Electric Power Research Institute (EPRI) 

and DOE jointly funded the Small Hydro Technology Transfer 

Project to review feasibility reports submitted by devel

opers in the Technology Development and Loan Subprograms. 

Purposes of the Technology Transfer Project were to: 

* Analyze and summarize the information. 

* Identify and document experience gained 

and lessons learned. 

* Make the information available to the public. 

The contract for the project was awarded to IECO, 

and the work was divided into three separate tasks. Task A 

covers preparation of the report Feasibility Studies 

Program Summary Document (FSPSD). This document identifies 

deficiencies found in current small hydropower feasibility 

studies. These deficiencies are the basis for investiga

tions presented in this thesis. 

Purpose 

IECO (1985) defined the purpose of the FSPSD as 

twofold: "First, to compile the data from the feasibility 

studies and arrange it into a format from which it can be 

analyzed and summarized; and second, to provide a framework 

of knowledge from which future developers of small hydro-

power projects can benefit." 
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A total of 265 feasibility studies were reviewed by 

IEC0. Twenty-five were deleted from use in the study 

because they were determined to be inadequate in terms of 

usable information due to deficiencies in the data. Many of 

the remaining 240 studies were described as being "less than 

adequate or satisfactory" (IEC0, 1985). 

Findings 

The FSPSD report (IEC0, 1985) notes that, "While 

most of the studies surveyed appeared to be adequate from a 

narrow technical viewpoint, many were deficient or inade

quate in other important areas,..." IEC0 found the studies 

to be deficient in the following four major areas: 

1 . Project Financing and Economic Evaluation. 

Deficiencies were found in options for financing and 

tax considerations, and errors were found in 

escalations. 

2. Power Value and Marketing. Deficiencies were 

found in the identification of purchasers, deter

mination of actual power value, and investigation of 

real potential in power markets. 

3  .  Env i r o n m e n t a l  a n d  R e l a t e d  C o n c e r n s .  

Deficiencies were of various types. In some reports 

no impacts, either positive or negative, were iden

tified, in others the presentation was vague, 

economic evaluations were unreal, and items were 
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overlooked that could result in danger, delay, or 

cancellation of the project. 

4. Descriptive Detail. There was an overal1 lack 

of detail in description of project features. 

Cunningham (1984) concludes, "...while the over

whelming majority of these studies concluded that the 

proposed project was feasible, many of the "feasible1 

projects were subsequently found to be not feasible or are 

currently stalled somewhere in the development process. 

Based an a review of the feasibility studies themselves, 

ZECO concluded that many were inadequate for their intended 

purpose." IECO speculates that the deficiencies are a 

result of lack of experience on the part of both the 

investigators and the developers. This speculation is 

reasonable given the relative recency of renewed interest in 

small hydro development in the United States. 

Conclusions 

It is obvious that the deficiencies found by IECO in 

small hydropower feasibility studies being produced today 

are a hindrance to the desired growth of small hydropower 

in the U.S. The FSPSD report (IECO 1985) concludes that: 

1. "The existence and activities of the Technology 

Development and Loan Subprograms . . .underscore 

the vital importance of the feasibility study in 

the development of hydroelectric power." 
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2. "... the future of successful, efficient small 

hydro development will depend to a significant 

degree upon the adequacy of the feasibility 

investigations performed for such projects." 

3. "The final major conclusion of the report is the 

critical need for accuracy, consistency, and 

completeness in future feasibility studies of 

small hydropower projects." 



CHAPTER 3 

THE PLANNING PROCESS 

The planning process for a small hydropower develop

ment is initiated when a developer asks a consulting 

engineering firm to assess the potential and feasibility of 

developing a hydropower project at their site. The planning 

process consists of three sequential investigative studies, 

a brief reconnaissance study, a detailed feasibility study, 

and a design study. Planning's major role in a small hydro-

power project is accomplished upon completion of a recon

naissance and feasibility study. These two studies are the 

decision-making tools upon which a decision to abandon or 

implement a project is based. The planning process is not 

entirely complete upon completion of these two studies if a 

decision to implement is reached; however, planning's role 

is much reduced during final design and construction phases 

of a project. 

The Reconnaissance Study 

The reconnaissance study is a preliminary study of 

the site and is actually a small-scale feasibility study. 

It's purpose is to determine if the site appears to have 

sufficient potential to warrant the expense of a full-scale 

feasibility study. The reconnaissance study should also 

13 
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reveal if any obvious conditions exist which would preclude 

development of the site. If it were found that the site 

would not be technically, environmentally, economically, or 

financially feasible for development, study of the site 

would be discontinued, and no further Investigations would 

be required. 

If, based on the reconnaissance study findings, the 

developer decides to proceed with project planning, the 

investigators perform a feasibility study. Since all data 

gathered during the reconnaissance study will be built upon 

by the subsequent feasibility study, it is extremely 

important to obtain the highest quality data reasonably 

available at the reconnaissance level of study. 

The Feasibility Study 

A feasibility study for a small hydropower project 

has been defined as "an investigation performed to formulate 

a hydropower project and to definitely assess.it's desira

bility for implementation" (IECO 1985). This definition 

encompasses the two major objectives of a feasibility study, 

formulation and assessment. It should be pointed out that 

these two tasks are not independent of one another. Proper 

assessment of alternative formulations is required to arrive 

at the optimal formulation for a given site. 
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Formulation 

Formulation is the process of developing alternative 

plans for the site, including various arrangements of 

civil works structures and a range of sizes and types of 

electro-mechanical equipment. The alternatives developed 

should be appropriate for the site being investigated. The 

success or failure of a proposed development may very well 

depend on the investigator's ability to formulate creative 

and appropriate alternatives for the particular site being 

investigated. 

Assessment 

Each technically feasible alternative developed must 

be evaluated in terms of two major considerations: impacts 

on environmental resources and social conditions, and 

assessment of economic and financial feasibility. 

Impact Assessment. Each alternative developed 

will produce various impacts, some beneficial and others 

possibly adverse. The impacts include economic, social, 

and environmental effects occurring during construction or 

operation of the project. Petersen (1984) identifies 3 

reasons for providing a thorough examination of all impacts: 

1. Only if all impacts are known can the final 

decision be judicious. 

2. Any "surprises" after construction tend to be 
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very disturbing to the general public as well as to 

special-interest groups. 

3. The credibility and reputation of the investi

gators depend on their ability to adequately predict 

the effects of a project. 

The sources of all impacts must be identified; the impacts 

themselves must be identified and traced; the impacts must 

be measured; and lastly mitigation measures must be identi

fied, if needed, for some impacts. 

Economic Evaluation and Financial Analyses. These 

two investigations provide answers to two separate 

questions. The economic evaluation indicates whether or not 

project benefits are estimated to exceed costs over the life 

of the project. The financial analysis indicates whether or 

not funds can be obtained to finance the project and if any 

borrowed funds can be paid back from the stream of project 

revenues while producing the desired return on investment. 

These two analyses are very different from one another and, 

to be unbiased, require consideration of factors such as 

future inflation rates, interest rates, and power rates. 

Resource Requirements for Planning Studies 

The time, costs, and manpower resources required to 

perform a reconnaissance or feasibility study for a small 

hydropower project will vary depending on plant size, site 

conditions, specific scope and depth of study, and 
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availability of information. The Corps of Engineers (1979) 

has indicated typical resource requirements for a range of 

plant sizes as listed in Table 3-1. 

Importance of Planning Studies 

Reconnaissance studies do not always result in a 

subsequent feasibility study, but are designed to determine 

if the expense of a full-scale feasibility study is 

warranted. Feasibility studies do not always result in con

struction of a project, but are designed to formulate an 

optimal project and then to determine if the optimal project 

is feasible. The reconnaissance study may result in termi

nation of all investigations, or the feasibility study may 

conclude that the optimal alternative developed is infeas-

ible. If either result were found to be the case, for 

whatever reason(s), the reconnaissance or feasibility study 

would have served it's function well. Even when a feasibil

ity study results in formulation of a feasible project, the 

project will not necessarily be built. The developer alone 

must decide whether or not to make an investment commitment; 

as such, the developer relies on information in the feasi

bility study as the basis for the decision to construct or 

abandon the project. If a developer decides to proceed with 

construction based on the results of an inadequate or incom

plete study, a project might very well become stalled or 

eventually cancelled altogether. 



Table 3-1 

Study 
Type 

Resource Requirements for Typical Planning Studies 

Project Time 
Size Required 

Manpower 
Required Cost 

Participating 
Professionals 

Reconnaissance 1 MW 15 to 30 10 to 15 .15 to .3* Engineer 
days man-days Economist 

15 MW 45 to 90 45 to 60 .15 to .3* Civil Engineer 
days man-days Mechanical Engineer 

Electrical Engineer 
Power Economist 
Hydrologist 

Feasibility 1 MW 2 to 3 80 to 110 2.5 to 4.0* Civil Engineer 
months man-days Mechanical Engineer 

Electrical Engineer 
Power Economist 
Hydrologist 
Financial Specialist 

15 MW 6 to 9 600 to 750 2.5 to 4.0% Civil Engineer 
months man-days Mechanical Engineer 

Electrical Engineer 
Power Economist 
Hydrologist 
Financial Specialist 

a. Information after Corps of Engineers (1979) 

b. % = percent of estimated construction costs. 

c. Hydrologist is added; participation of experts in water quality, 
fish & wildlife, and other disciplines may be required for some studies. 
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Thus, the need for recognition of the importance of 

quality in planning studies is actually twofold. First, the 

investigator/preparer of a study must both understand and 

prepare a complete and adequate study and, second, the 

developer/decision-maker must be capable of recognizing a 

high quality study and understanding it's content. It is 

obvious that both the reconnaissance and feasibility studies 

play a vital role in the decision-making process. A sound 

investment decision can only be made when preparers produce 

high quality studies which decision-makers can clearly 

understand. 



CHAPTER 4 

GENERAL CHECKLIST FOR 
SMALL HYDROPOWER FEASIBILITY STUDIES 

The overriding goal of a small hydropower feasibil

ity study is to completely and adequately assess the 

feasibility of developing a specific potential site. A 

common error in many studies is for the preparer to focus on 

the technical feasibility of the project and the user to 

focus on the economic and financial feasibility of the 

project. A look at projects with feasibility studies 

which indicated a feasible project, but which have later 

become stalled in the development process, reveals why 

focusing primarily on technical, economic, or financial 

feasibility, or any other single aspect of a study, is 

inappropriate. The most frequently cited factors which are 

impediments to project development include: problems 

concerning property ownership and water rights, incomplete 

assessment of environmental considerations, difficulties in 

marketing project power, and difficulties in arranging 

adequate financing. Any one of these impediments can delay 

or indefinitely stall a project which has been found 

feasible, and will inevitably result in additional expense 

to the developer. 

20 
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Accordingly, it is vital to assess all pertinent 

factors in a feasibility study, giving essentially equal 

weight to each factor. A truly complete picture of feasi

bility can only be arrived at when all factors are complete

ly and adequately assessed in a study. 

Upon completion of feasibility study investigations, 

investigators prepare a report identifying and describing 

the results of investigations performed in the study. The 

format of the report essentially reflects the sequence in 

which investigations have been performed. Table 4-1 iden

tifies the major elements of a feasibility study report. 
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TABLE 4-1 

ELEMENTS OF A FEASIBILITY STUDY REPORT a 

I. SUMMARY 

II. INTRODUCTORY MATERIAL 

III. SITE CHARACTERISTICS AND EXISTING FACILITIES 

IV. HYDROLOGY AND SEDIMENT 

V. ALTERNATIVES AND RECOMMENDED PROJECT DEVELOPMENT 

VI. HYDRAULICS OF RECOMMENDED DEVELOPMENT 

VII. PROJECT POWER PRODUCTION 

VIII. ENVIRONMENTAL, SOCIAL, & INSTITUTIONAL IMPACTS 

IX. PROJECT COSTS 

X. MARKETING CONSIDERATIONS 

XI. ECONOMIC EVALUATION 

XII. FINANCIAL ANALYSIS 

XIII. PROJECT IMPLEMENTATION 

XIV. CONCLUSIONS AND RECOMMENDATION 

a. The above list is based on a DOE standardized 
outline of fundamental categories of information to be 
included in small hydropower feasibility studies (IECO, 
1985). The list reflects a revised arrangement of categor
ies and additional categories deemed appropriate by the 
author. 
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The General Checklist 

While all feasibility study reports will be similar 

in requiring a report format like the one shown on Table 

4-1, every study will be of different scope due to differ

ences in site, developer, size, budget, and complexity. A 

feasibility study performed for a municipality wishing to 

develop a 3MW low-head hydro project costing $15 million at 

an existing dam at the edge of town will require a different 

approach than a feasibility study performed for a private 

developer attempting to develop a 700kW high-head hydro 

project costing $800,000 at a remote site in an undeveloped 

mountain area. Also, there are differences in approach 

among consulting engineering firms performing feasibility 

studies related to their past feasibility study experience, 

range of professions employed within the firm, and individ

ual personnel experience levels. Finally, whether the 

proposed project is an addition to an existing dam or a new 

development affects the scope and content of the feasibil

ity study. 

How can a complete and adequate feasibility study 

be performed when the variety of developers, projects, and 

investigators is so great? The solution has two components; 

first, both investigator and developer must be able to 

identify what items must be investigated to produce an 

acceptable feasibility study for a particular site and, 
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second, both groups must ensure that all identified items 

are adequately investigated. 

Table 4-2, General Checklist for Small Hydropower 

Feasibility Studies, breaks down the major areas of investi

gation, as outlined by the report format found in Table 4-1, 

into more detailed items, thus providing a more detailed 

list of specific items potentially requiring investigation. 

In order to use the General Checklist effectively, a 

determination must be made of which items on the list 

actually require investigation for the site being studied. 

The checklist in Table 4-2 is not all inclusive, and a few 

additional site specific items might need to be identified 

and investigated in order to produce a complete feasibility 

study for a particular site. 

Chapters 5 and 6, Notes for the Preparer and Notes 

for the User, respectively, provide specific guidance for 

preparers and users to meet the differing needs and respon

sibilities of each. These notes are organized to facilitate 

their use in conjunction with the General Checklist for 

Small Hydropower Feasibility Studies (Table 4-2). 
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TABLE 4-2 

GENERAL CHECKLIST FOR 
SMALL HYDROPOWER FEASIBILITY STUDIES 

I. SUMMARY 

II. INTRODUCTORY MATERIAL 
A. PURPOSE OF STUDY 
B. AUTHORITY 
C. SCOPE OF STUDY 
D. SUBCONTRACTORS 
E. ACKNOWLEDGEMENTS 

III. SITE CHARACTERISTICS AND EXISTING FACILITIES 
A. SITE LOCATION 

1. Geographic location 
a. Region (nation/state) 
b. Vicinity (county) 
c. Location (site) 

2. Relationship to surrounding area 
3. Availability of construction materials 
4. Access to site 

B. HISTORICAL INFORMATION 
1. Site history 
2. Development history 
3. Present usage 
4. Paleozoic, archaeologic, cultural, and 

historical resources 
C. LEGAL ACCESS 

1. Legal ownership 
2. Legal access 
3. Acquisition strategy 

D. SITE CHARACTERISTICS 
1. Topography 

a. General 
b. Site specific 

2. Geology 
a. General 
b. Site specific 

3. Development evaluation 
E. EXISTING FACILITIES 

1. Utilities 
a. Electric 
b. Potable water 
c. Sanitary system 
d. Telephone 
e. Other 
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TABLE 4-2 

GENERAL CHECKLIST FOR 
SMALL HYDROPOWER FEASIBILITY STUDIES Continued 

2. Structures 
a. Hydraulic structures 
b. Buildings 
c. Other 

3. Features 
a. Roads 
b. Reservoir/storage 
c. Clearings/fields 
d. Other 

4. Transmission facilities 
a. Location 
b. Transmission voltage 
c. Transmission capacity 

5. Evaluation 
a. Safety 
b. Usability 
c. Spillway adequacy 

F. WATER-RELATED OPERATING CONSTRAINTS 
1. Existing water rights 
2. Present water use 
3. Operating constraints 

G. SPECIAL CONSIDERATIONS 

IV. HYDROLOGY AND SEDIMENT 
A. BASIC DATA 

1. Stream name 
2. Impoundment name 
3. Connecting water features 
4. Watershed area 
5. Watershed description 

B. REGIONAL PRECIPITATION/EVAPORATION DATA 
1. Rainfall/snowfall 
2. Runoff/meltoff 
3. Infiltration 
4. Evaporation 

C. STREAM GAGES 
1. U.S.G.S. name and number 
2. Location 
3. Length of records 

D. FLOW CORRELATION 
1. Method used 
2. Results 
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TABLE 4-2 

GENERAL CHECKLIST FOR 
SMALL HYDROPOWER FEASIBILITY STUDIES Continued 

E. STREAMFLOW STUDIES 
1. Flow duration curves 
2. Mean discharge 
3. Maximum discharge 
4. Minimum discharge 
5. Flow variation throughout year 

F. CRITICAL FLOW PERIODS 
1. Low flow periods, duration, frequency 
2. High flow periods, duration 

G. SPILLWAY DESIGN FLOOD 
1. Flood frequency curve 
2. Hazard potential classification 
3. Size classification 
4. Spillway design flow 

H. DIVERSION DESIGN FLOW 
I. MINIMUM INSTREAM FLOW REQUIREMENTS 
J. WATER QUALITY 
K. SEDIMENT STUDIES 

1. Suspended load 
a. Concentrations 
b. Grain size 

2. Bed load 
3. Bed material 

V. ALTERNATIVES AND RECOMMENDED PROJECT DEVELOPMENT 
A. BASIC DATA 

1. Description of selection process 
B. ALTERNATIVE DEVELOPMENTS 

1. Description 
2. Discussion 
3. Reason for present rejection 

C. RECOMMENDED DEVELOPMENT 
1. Description 
2. Assumptions 
3. Operation 
4. Discussion 

D. REHABILITATION OF EXISTING FACILITIES 
1. Repair 
2. Modification 
3. Reconstruction 
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TABLE 4-2 

GENERAL CHECKLIST FOR 
SMALL HYDROPOWER FEASIBILITY STUDIES Continued 

E. SELECTION OF TURBINE SIZE AND TYPE 
1. Design values 

a. Design head 
b. Design flow 

2. Design capacity 
3. Turbine type 
4. Turbine characteristics 
5. Turbine setting 

F. SELECTION OF GENERATOR SIZE AND TYPE 
1. Generator size 
2. Speed increaser 
3. Characteristics 

a. Voltage 
b. Current 
c. Frequency 
d. Power factor 

4. Parameters 
a. Desired electrical output 
b. Turbine operation mode 
c. Type of electrical load 

5. Generator type 
a. Induction 
b. Synchronous 
c.'Permanent magnet 

G. TRANSMISSION FACILITIES 
1. Switchyard 
2. Transmission lines 
3. Utility inter-tie 

H. CONSTRUCTION SCHEME 
1. Construction phases 

a. Clearing 
b. Excavation 
c. Construction 
d. Grading 

2. Diversion 
3. Special considerations 
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TABLE 4-2 

GENERAL CHECKLIST FOR 
SMALL HYDROPOWER FEASIBILITY STUDIES Continued 

VI. HYDRAULICS OF RECOMMENDED PROJECT 
A. BASIC DATA 

1. Headwater rating curve 
2. Tailwater rating curve 

B. DIVERSION STRUCTURE 
1. Trashrack 
2. Intake 
3. Gates and bulkheads 
4. Canal 
5. Tunnel 
6. Sediment separation and removal 

C. FLOW PASSAGEWAY 
1. Trashrack 
2. Intake 
3. Gates and bulkheads 
4. Penstock 
5. Turbine 
6. Draft tube 
7. Tailrace 

D. SURGE FACILITIES 
1. Canal 
2. Penstock 

E. OUTLET WORKS 
1. Spillway/Outlet works 
2. Energy dissipation 

F. HYDRAULIC HEADLOSSES 
G. SEDIMENT CONSIDERATIONS 

1. Aggradation 
a. Reservoir life 
b. Intake/Diversion deposition 

2. Degradation 
a. Spillway discharge 
b. Outlet works discharge 
c. Tailrace discharge 

H. FISH PASSAGE FACILITIES 
1. Screens 

a. Intake 
b. Discharge 

2. Upstream passage facilities 
a. Ladder 
b. Trap and haul 

3. Downstream passage facilities 
a. Bypass 
b. Sluiceway 

I. TECHNICAL FEASIBILITY 
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TABLE 4-2 

GENERAL CHECKLIST FOR 
SMALL HYDROPOWER FEASIBILITY STUDIES Continued 

VII. PROJECT POWER PRODUCTION 
A. BASIC DATA 

1. Study methodology 
2. Assumptions 

B. DESCRIPTION OF PROJECT OPERATION 
1. Run-of-river 
2. Pondage 
3. Storage 
4. Pumped-storage 
5. Peaking 

C. MEANS OF ANALYSIS 
1. Mean daily flows 
2. Mean monthly flows 
3. Sequential routing 

D. EFFICIENCIES 
1. Turbine 
2. Generator 
3. Speed increaser 
4. Transmission losses 
5. Station energy use 
6. Overall efficiency 

E. OPERATING ASSUMPTIONS 
1. Reliability of equipment 
2. Scheduled maintenance 
3. Estimated annual downtime 

F. ESTIMATED POWER PRODUCTION 
1. Average monthly energy values 
2. Average annual energy 
3. "Wet" year annual energy 
4. "Dry" year annual energy 
5. Firm capacity 
6. Non-Firm capacity 
7. Relationship of plant output 

to system load 
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TABLE 4-2 

GENERAL CHECKLIST FOR -
SMALL HYDROPOWER FEASIBILITY STUDIES CgSi.±3^S 

VIII. ENVIRONMENTAL, SOCIAL. & INSTITUTIONAL IMPACTS 
A. ENVIRONMENTAL RESOURCE IMPACTS 

1. Man-made resources 
2. Natural resources 
3. Pollution 

a. Air 
b. Water 
c. Land 

4. Animals and plants 
a. Rare and endangered species 
b. Birds 
c. Mammals 
d. Amphibians 
e. Fish 
f. Fish (sport) 
g. Fish (commercial) 
h. Shellfish 
i. Insects 
j. Microfauna 
k. Aquatic vegetation 
1. Trees, shrubs, and plants 
m. Microflora 

5. Ecosystems 
a. Critical habitats 
b. Habitats 
c. Food chains 
d. Productivity 
e. Diversity 
f. Stability 

6. Physical aspects 
a. Erosion 
b. Sediment transport 
c. Sediment deposition 
d. Streambed degradation 
e. Slope stability 
f. Compaction 
g. Subsidence 

7. Hydrologic aspects 
a. Groundwater levels 
b. Surface flow levels and quantities 

c. Water quality 
d. Temperature 
e. Micrometeorology 
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TABLE 4-2 

GENERAL CHECKLIST FOR 
SMALL HYDROPOWER FEASIBILITY STUDIES Continued 

8. Aesthetic aspects 
a. Scenic qualities 
b. Open-space qualities 
c. Wild and scenic rivers 

9. Recreation 
a. Hunting 
b. Fishing 
c. Boating 
d. Swimming 
e. Picnicking 
f. Hiking 

10. Other 
B. SOCIAL IMPACTS 

1. Noise 
2. Population displacement 
3. Archeological resources 
4. Historic sites 
5. Historic structures 
6. Transportation 
7. Educational opportunities 
8. Cultural opportunities 
9. Community cohesion 
10. Community growth 
11. Institutional relationships 
12. Public health and safety 
13. Other 

C. INSTITUTIONAL IMPACTS 
1. Local government finance 
2. Land use 
3. Public facilities 
4. Public services 
5. Local activity 
6. Regional activity 
7. Real income distribution 
8. Employment and labor force 
9. Business activity 
10. Industrial activity 
11. Agricultural activity 
12. Other 

D. MITIGATION MEASURES 
E. ENHANCEMENT OPPORTUNITIES 
F. ENVIRONMENTAL, SOCIAL, & INSTITUTIONAL 

FEASIBILITY 
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TABLE 4-2 

GENERAL CHECKLIST FOR 
SMALL HYDROPOWER FEASIBILITY STUDIEa Continued 

PROJECT COSTS 
A. BASIC DATA 

1. Basis for costs 
2. Base year for costs 
3. Estimate of cost escalation 

B. CAPITAL COSTS 
1. Direct costs 

a. Lands, land rights, and relocations 
b. Roads, bridges, and railroads 
c. Structures and Improvements 
d. Reservoirs, dams, and waterways 
e. Waterwheels, turbines, and generators 
f. Electrical equipment 
g. Power plant equipment 
h. Substation and transmission facilities 
i. Mitigations 
j. Enhancements 
k. Other 

2. Indirect costs 
a. Escalation 
b. Contingencies 
c. Engineering and design 
d. Construction supervision 
e. Administration 
f. Legal fees 
g. Other 

3. Financing costs 
a. Interest during construction 
b. Financing fees 

C. ENERGY PRODUCTION COSTS 
1. Annual costs 

a. Operation and maintenance 
b. Administration and general 
c. Insurance 
d. Property taxes 
e. Lease payments 
f. Bond payments 

2. Replacement costs 
3. Other 
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TABLE 4-2 

GENERAL CHECKLIST FOR 
SMALL HYDROPOWER FEASIBILITY STUDIES Continued 

X. MARKETING CONSIDERATIONS 
A. BASIC DATA 

1. Study methodology 
B. UNIT VALUE OF PROJECT POWER AND ENERGY 

1. Government laws and regulations 
2. Present capacity value 
3. Present energy value 
4. Future capacity value 
5. Future energy value 

C. PROJECT POWER MARKETS 
1. Supply/Demand relationship 
2. Potential users 

a. Present 
b. Future 

3. Potential purchasers 
4. Selling Arrangement 

a. Contracted 
b. Non-Contracted 

5. Intended use 
6. Wheeling 

D. MARKETING FEASIBILITY 

XI. ECONOMIC EVALUATION 
A. BASIC DATA 

1. Study methodology 
B. PROJECT LIFE 

1. Physical life 
2. Economic life 

C. COST AND BENEFIT STREAMS 
1. Costs 

a. Escalation 
b. Procedure 

2. Benefits 
a. Escalation 
b. Procedure 

D. PRESENT WORTH COSTS AND BENEFITS 
1. Discount rate 
2. Justification 

E. BENEFIT/COST ANALYSIS 
1. Summation of benefits and costs 
2. Net benefits 
3. Benefit/cost ratio 
4. Internal rate of return 



35 

TABLE 4-2 

GENERAL CHECKLIST FOR 
SMALL HYDROPOWER FEASIBILITY STUDIES Continued 

F. UNIT COSTS 
1. Capacity 

a. Investment costs 
b. Installed capacity 
c. Unit capacity cost 

2. Energy 
a. Average annual costs 
b. Average annual energy 
c. Unit energy cost 

G. ECONOMIC FEASIBILITY 

XII. FINANCIAL ANALYSIS 
A. BASIC DATA 

1. Financial plan 
2. Tax status 

B. FINANCIAL ALTERNATIVES 
1. Interest rate 
2. Repayment period 
3. Financing fees 
4. Potential subsidies 

C. CASH FLOW STATEMENT 
1. Initial project years 
2. Additional project years 

D. FINANCIAL FEASIBILITY 

XIII. PROJECT IMPLEMENTATION 
A. BASIC DATA 

1. Present project status 
B. REQUIRED PERMITS AND LICENSES 

1. Federal 
2. State 
3. Local 

C. PERMIT AND LICENSE ACQUISITION 
1. Strategy 
2. Timetable 
3. Costs 

D. SCHEDULE 
1. Planning 
2. Permits and licenses 
3. Environmental documents 
4. Design 
5. Construction 
6. Remaining decisions 
7. Uncertainties 
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TABLE 4-2 

GENERAL CHECKLIST FOR 
SMALL HYDROPOWER FEASIBILITY STUDIES Continued 

XIV. CONCLUSIONS AND RECOMMENDATION 
A. CONCLUSIONS 

1. General assessment 
2. Feasibility assessment 

a. Technical 
b. Environmental, Social, & Institutional 
c. Marketing 
d. Economic 
e. Financial 

B. RECOMMENDATION 
1. Implementation 
2. Abandonment 



CHAPTER 5 

NOTES FOR THE PREPARER 

This chapter provides supplementary guidance for 

the preparer of a feasibility study for a small hydropower 

project and is to be used in conjunction with the general 

checklist in Chapter 4. This guidance includes: defining 

preparer responsibilities; outlining mechanics of conducting 

a study and documenting results; and, defining the scope and 

purpose of each major study element. Important questions 

which the user can expect to be addressed in the various 

elements of a feasibility report are discussed in Chapter 

6 .  

Preparer Responsibilities 

The preparer of a feasibility study for a small 

hydropower project is ultimately responsible for the quality 

and content of the study and, therefore, must make every 

effort to ensure that the study is complete and adequate for 

it's intended purpose. Preparer responsibilities include 

identifying, formulating, and assessing the "best" develop

ment for the site being investigated and documenting 

investigation results in the form of a feasibility study 

report. The mechanics of performing an investigation of 

this type and documenting the results must be tailored to 

37 
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the individual site. However, a general approach exists 

which provides basic guidance in carrying out the tasks 

involved. 

Mechanics of Performing a Study 

The mechanics of performing a feasibility study for 

a small hydropower project involve an iteration process of 

formulation and assessment in order to identify the optimal 

alternative to be considered for development. Each consec

utive iteration in a typical feasibility study will involve 

a more specific project formulation and a more in-depth 

investigation than the prior iteration. The initial 

iteration will vary in scope depending on whether or not a 

reconnaissance study has been performed. If a reconnais

sance study has been performed, the following information 

will have been determined prior to initiation of the feasi

bility study: preliminary determination of the most appro

priate type of hydropower development; preliminary estimate 

of total installed plant capacity; preliminary evaluation of 

economic feasibility; and, initial identification, defini

tion, and assessment of critical issues pertaining to the 

site being studied. If a reconnaissance study has not been 

performed prior to initiation of a feasibility study, the 

first step of the feasibility study will be a reconnaissance 

level investigation of the site to determine the information 
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noted above and which will indicate if a full-scale feasi

bility study is, in fact, warranted. 

Assuming a reconnaissance study has been performed, 

the initial iterations of a feasibility study will evaluate 

various combinations of number, size, and type of turbine 

units and result in a preliminary determination of the 

optimal number and type of turbine units. The final itera

tion will include a refined formulation of the entire hydro-

power project and a detailed investigation and assessment of 

all items previously identified as requiring in-depth study. 

Planning the Study 

It is important to note that each site is unique, 

and as such, must be studied in the manner most appropriate 

for that particular site. In order to accomplish this, 

every reconnaissance and feasibility study must begin by 

establishing what tasks are required for an adequate and 

complete investigation, and by determining a strategy and 

schedule for accomplishing these tasks. If the plan is 

comprehensive in scope, then the net result of the iteration 

process will be: identification of the optimal project; 

complete formulation of the identified development; and, an 

adequate assessment of all items associated with the 

formulated development. 
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Steps and Sequencing for Reconnaissance Studies 

The Corps of Engineers (1979) has developed a table 

listing the steps involved in performing a reconnaissance 

study and a flowchart Indicating the sequencing of these 

steps. The Corps' data was developed for small hydropower 

projects which are additions to existing dam structures. 

With minor modification the data have been adapted to be 

applicable to small hydropower projects in general, as shown 

in Table 5-1 and Figure 5-1. 

Steps and Sequencing for Feasibility Studies 

The steps required to perform a feasibility study 

are very similar to those for a reconnaissance study, 

however, modifications will be required to accommodate the 

iteration aspect of the feasibility study as well as the 

more in-depth investigative nature of the study. As 

previously noted, planning studies are an iteration process 

which provide; first, the total installed plant capacity; 

second, the number and type of turbine units; and finally, a 

refined overall project development formulated to reflect 

the results of all investigations up to that point. The 

Corps of Engineers (1979) has developed a table listing 

steps involved in performing project feasibility power 

formulation iterations and a flowchart indicating the 

sequencing of these steps. The Corps' data are shown in 

Table 5-2 and Figure 5-2. 
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Table 5-1 

RECONNAISSANCE STUDY TASKS a 

1. Plan reconnaissance study 

2. Contact principal agencies 

3. Scope economic evaluation 

4. Define power potential 

5. Assess market potential 

6. Estimate power output 

7. Develop spillway hydrology 

8. Ider'ify physical works 

9. Formulate and cost project 

10. Develop cost stream 

11. Adopt power values 

12. Develop power benefit stream 

13. Determine economic feasibility 

14. Identify critical issues 

15. Assess site issues 

16. Assess financial issues 

17. Document reconnaissance findings 

a. After Corps of Engineers (1979). The identified 
tasks are those shown on Figure 5-1. 
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Table 5-2 

FEASIBILITY STUDY 

PROJECT FORMULATION TASKS a 

1. Initial tasks b 

2 . Formulate power features 

3. Refine power output estimate 

4 . Recompute benefit stream 

5. Cost project power features 

6. Select project power features 

7. Perform sequential routing 

8. Refine power features and 
performance characteristics 

9. Finalize project costs and benefits 

a. After the Corps of Engineers (1979). The 
identified tasks are those shown on Figure 5-2. 

b. Initial Tasks are a refined performance of tasks 
for reconnaissance studies (Table 5-1). 
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The Corps1 procedure for a reconnaissance study can 

be used for a feasibility study by replacing step 9 of Table 

5-1 (Formulate and Cost Project) with the steps found on 

Table 5-2 (Project Formulation Tasks) and repeating the 

sequence found on Table 5-1 for the required number of 

iterations until the best project is identified and evalu

ated. For a more detailed discussion of the Corps of 

Engineers data concerning reconnaissance and feasibility 

study steps and sequencing the reader is referred directly 

to Volume I, Sections 4 and 5 of the Corps* publication, 

Feasibility Studies For Small Scale Hvdropower Additions 

(1979). Additional information on the steps and sequencing 

of feasibility study tasks can be found in Section 11 of 

Reconnaissance Evaluation of Small Low-Head Hydroelectric 

Installations, Tudor Engineering Company (1980). 

Documenting Study Results 

The results of investigations to assess the feasi

bility of developing a small hydropower project at a 

particular site are recorded and presented to the developer 

in the form of a feasibility report. The report should 

document in appropriate detail all studies and information 

leading up to and supporting the conclusions and recommenda

tions of the study. The report should be capable of 

standing alone. In other words, the report should require 
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no additional verbal or written information to explain or 

justify it's content. 

Organization and Content 

The feasibility study report should be organized 

under headings which identify the elements listed in Table 

4-1, Elements of a Feasibility Study Report. Documentation 

of each element should be in a manner consistent with the 

scope and purpose of each element as defined in following 

sections of this chapter. The language and terminology used 

in the report should be understandable by it's intended 

reader, the developer. 

Each element should be described in sufficient 

detail to provide the reader with a complete understanding 

of the element as it pertains to the project being investi

gated. A feasibility report should not, however, present 

technical information or calculations not required to 

provide this level of understanding. For each element, all 

assumptions made during the investigation should be identi

fied, and the reasoning behind each assumption should be 

described. Discussion of each element should also indicate 

any information lacking at the time of report publication 

and whether or not the subject requires further investiga

tion. In summary, a feasibility study report for a small 

hydropower project must provide a complete and independent 

description of the investigation and it's results; the 
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report should be written in nontechnical language which a 

developer can understand and on which an investment decision 

can be based. 

Feasibility Study Elements 

The following paragraphs describe the 14 major 

elements of a small hydropower feasibility study report 

to provide the preparer with an understanding of the 

scope and purpose of each report section. 

There are many sources in the literature which 

provide detailed guidance for performing the various 

technical analyses required in a small hydropower feasibil

ity study. It is not the purpose, nor is it within the 

scope of this thesis to provide such detailed technical 

guidance. It is assumed that the preparers of a feasibility 

study will only utilize professionals having the appropriate 

backgrounds and technical training required to perform these 

technical analyses. 

Summary 

The summary should provide a brief, yet concise, 

narrative statement describing the study findings. The 

conclusions reached in the study should be identified with 

descriptive details of the project provided as appropriate. 



48 

Introductory Material 

The introductory material should provide an overview 

of the entire project by identifying and describing all the 

key components of the study. This is accomplished by 

providing the reader with an understanding of the type of 

project being investigated and who the developers are, the 

type of study being provided and who the investigators are, 

and a listing of all other project participants and what 

their roles are. 

Site Characteristics and Existing Facilities 

This section should provide a complete descrip

tion of all significant past and present physical and 

environmental characteristics found at and around the site, 

as well as a complete description of all existing facilities 

located on or near the site. This is accomplished through 

careful site specific investigations of: location; history; 

physical characteristics; existing facilities; past, 

present, and future water use; and, any conditions unique to 

the site being studied. 

Hydrology and Sediment 

This section should provide complete description of 

the various water and sediment flows which have historically 

occurred at the site, and should predict what flows can be 

expected to occur, on a probabilistic basis, during and 
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after construction of the proposed project. It is vital to 

provide the most accurate assessment of site hydrology 

reasonably attainable. No study element is more important 

than the hydrologic investigation, since all subsequent 

analyses in a feasibility study are affected by the accuracy 

of the original hydrologic assessment. Besides obtaining 

all available historical records of stream flow and sediment 

load at the study site, records from appropriate surrounding 

sites should be gathered for correlation with study site 

data. Existing stream gaging stations located upstream or 

downstream of the site should be identified and a descrip

tion of each should include, gage name and number, location, 

years of record, any changes in gage location or gage 

reference elevation, and type of records. Any additional 

streamflow information used in the study and obtained from 

nearby residents or individuals should be identified and 

described. Preparers will also want to begin their own 

recording of stream flow and sediment transport data at the 

study site as early as possible. 

Alternatives and Recommended Project Development 

This section should provide a complete description 

of the recommended project as well as descriptions of each 

alternative considered and the individual reasons for 

currently rejecting alternative developments. Both the 

screening system and logic used to determine the recommended 
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project should be described in detail. It is important to 

completely document each rejected alternative as well as the 

recommended project development. Although the developer may 

choose not to proceed with the project when the study is 

completed, conditions might change with time and an alterna

tive not initially desirable for Implementation may become 

the recommended project in the future. 

Feasibility study design for the recommended 

project should be sufficiently refined so that cost esti

mates, including a contingency factor of about 20 percent, 

are approximately equal to costs of final project design. 

Performing design to this level of detail will result in 

accurate cost estimates and will allow well detailed project 

descriptions. Information describing the recommended 

project should include: identification of design values used 

in the selection process; a description of the process used 

to select and size major structures, features, and compo

nents of the project such as dams, spillways, canals, pen

stocks, turbines, and generators; drawings indicating 

probable arrangement, location, and size of project struc

tures, features, and components; description and discussion 

of plant operation, (whether it is run-of-river, storage, or 

a peaking plant); and discussion of the probable scheme used 

to construct the project. This section should also provide 

a description of the process used to select the size and 
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type of turbines and generators. This information will 

have been developed during the Iteration processes 

previously described in this chapter under the title of 

Steps and Sequencing for Feasibility Studies. 

If the project is located at an existing dam, both 

rehabilitation and modification of the dam structure may be 

necessary. Rehabilitation involves the repair of existing 

structures and modification involves new construction which 

modifies existing structures to allow for safe, continued 

use of existing facilities. Existing structures need to be 

examined and evaluated for adequacy and structural soundness 

by qualified individuals who can identify and completely 

describe required rehabilitation and modification work. 

This section should also include a description of 

the planned construction program for the project. Each site 

will have it's own unique problems involving flow diversion, 

scheduling, and general construction logistics which must be 

addressed. A scheme and schedule to resolve these problems 

must be developed. 

Hydraulics 

This section should provide a detailed description 

of all hydraulic features and characteristics of the 

recommended project, including assumptions and criteria on 

which hydraulic design was based. The hydraulic design of a 

small hydropower project should result in the most efficient 
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and cost-effective passage of water through the power 

plant. To do this, water passages must deliver the required 

amounts of water to the turbine without excessive hydraulic 

headloss. At the same time hydraulic structures must allow 

for safe passage of excess flows around the power features. 

Since the safety of project structures and downstream 

inhabitants depends upon adequate design of the hydraulic 

structures, it is vital to design these structures to be 

reliable and safe as well as cost-effective. Drawings 

should be included, as appropriate, to describe hydraulic 

features of the project. 

Project Power Production 

This section should discuss the capacity and energy 

estimated to be generated at the proposed project under 

various future conditions. Based on the data developed in 

the hydrologic and hydraulic investigations and the overall 

layout of the recommended project, firm capacity and energy 

production can be estimated for average, "wet", and "dry" 

years. Average annual values can be determined by perform

ing sequential routing studies. It is vital to be as 

realistic as possible when projecting annual capacity and 

energy production values, since errors or omissions here 

will result in overly optimistic or overly pessimistic 

projections of benefits used in economic evaluation and 

financial analysis of the project. All efficiencies, energy 
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losses, and down-times must be considered in projections of 

capacity and energy. 

Environmental, Social, and Institutional Considerations 

This section should provide an assessment of the 

feasibility of developing a hydropower project relative to 

the environmental, social, and institutional impacts gener

ated by construction and operation of the project. All 

impacts, positive and negative, which the project is likely 

to have on both the natural and human environments on and 

around the project site should be described. In order 

to protect the natural environment, as well as expedite 

licensing by meeting the requirements of local, state, and 

federal agencies, it is important to be very thorough when 

identifying, tracing, and determining project effects. If 

this part of the study is inadequate, there may be damage to 

the natural environment, an unexpected disruption of normal 

social or cultural conditions in the area, or costly delay 

and possibly cancellation of the project. 

It is particularly important to work closely with 

concerned agencies, groups, organizations, and individuals 

when conducting environmental and social studies. By 

listening to and considering the concerns of all interested 

parties, problems can be defused before developing into 

major issues, requiring expensive revisions, or even 

resulting in a lawsuit. This cooperative attitude should be 
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initiated and maintained by all investigators from the 

outset of project studies. By providing acceptable mitiga

tion for negative impacts, as well as providing enhancements 

where they are desirable and feasible, it is usually 

possible to develop a recommended project that is acceptable 

to most, if not all, concerned parties. 

Project Costs 

This section should provide a clear presentation 

of all costs associated with project construction, including 

engineering, design, lands and rights-of-way, construction, 

interest during construction, operation, maintenance, and 

repair of the project. No cost incurred in any phase of the 

project should be omitted. The basis for costs and the 

costs index should be identified, and an estimate of cost 

escalation through project completion should be provided. 

Marketing Considerations 

This section should provide a clear presentation 

of the feasibility of marketing capacity and energy produced 

at the proposed project and the project benefits which will 

result. Potential marketing strategies for sale of project 

capacity and energy should be discussed, including: who 

might purchase project capacity and energy, such as the 

local utility, a nearby utility, or an industrial user; how 

much would be paid for project capacity and energy; how 
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prices can be expected to escalate with time; and, an 

identification of how energy would be transmitted to the end 

users, such as construction of new transmission lines, 

utilization of existing lines, or wheeling. It is very 

important to provide the basis for marketing values. Are 

they based on: published utility prices; known contractual 

prices recently negotiated in the area; the power and energy 

value to the developer; rates set by the state Public 

Utility Commission; or, an actual negotiated price with the 

future purchaser? 

An investigation of present and past energy supply/-

demand relationships in the region will provide insight into 

how the energy users and power values could influence one 

another in the future. It is important to identify short-

term and long-term trends, both regionally and locally, and 

assess their potential impact on short-term and long-term 

rate structures. 

Economic Evaluation 

This section should present a comparative analysis 

of average annual benefits and costs over the economic life 

of the project, including the methodology used, and should 

indicate the economic feasibility of the project. A number 

of methods exist for performing a comparative analysis; 

benefit cost ratio, net present worth, and internal rate of 
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return are the most common methods used to determine 

economic feasibility. 

When performing the economic evaluation it is impor

tant to identify the economic life of the project, assumed 

inflation and escalation rates, and interest rates used, 

and to determine the sensitivity of the results to varia

tions in the rates used. It is also extremely important to 

keep all economic factors, such as interest rate and 

economic life, consistent when performing comparative 

analyses to determine which alternative is most economically 

attractive. 

The economic evaluation indicates if project 

benefits are estimated to exceed costs over the life of the 

project, or at what interest rate project benefits would 

equal project costs. It does not indicate if the proposed 

project would be financially feasible. It is very important 

to recognize the distinction between economic and financial 

feasibility assessment and to realize the independent nature 

of each. 

This section should also provide unit cost values of 

project capacity and energy, (which are simply the installed 

plant capacity divided by the total cost of the project and 

the average annual energy produced divided by the average 

annual costs, respectively). Unit costs for the proposed 

project should be compared to unit costs for other similar 
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hydropower projects already built. When unit values for 

the proposed project are consistent with unit values at 

similar, existing projects, the developer can more readily 

accept a recommendation to proceed with the project. 

Financial Analysis 

This section should describe results of the analysis 

to determine financial feasibility, that is, can funds be 

obtained for project construction, and are project revenues 

expected to equal or exceed project costs over time on a 

year-to-year basis. The plan for financing project costs, 

including sources of funds, repayment terms, etc, should be 

discussed. If there is likely to be a cash flow problem in 

early years of project operation, (for example if revenues 

are less than obligations), the source of subsidies should 

be described. There should also be discussion of the length 

of time required for a project to pay for itself and of the 

probability that the project will produce the desired return 

on investment. Project construction costs are greatly 

influenced by the terms obtained for financing a project, 

and for this reason a project which may be economically 

feasible may not be financially feasible. 

Financing terms which affect project costs are 

the interest rate, period of repayment, and various finan

cing fees. Some developers may be able to subsidize a 

project for a predetermined length of time; if this is the 
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case, this information should be included in the financial 

analysis. The importance of assessing cash flow in the 

early years of project life is based on the observation that 

operating costs are usually a small part of total project 

costs and therefore, annual costs are only mildly influenced 

by inflation over the project life. When the relatively 

constant annual costs are compared to future annual 

benefits, which are normally expected to increase in 

value over the same time period, it will be observed that 

cash flow problems are most likely to occur in the early 

years of project life, and this should be addressed in the 

report. 

Project Implementation 

This section should provide the information needed 

to implement the proposed project if found feasible and if 

the developer decides to proceed with construction. 

Information should include legal requirements of all local, 

state, and federal agencies, current environmental permit 

and licensing requirements, description of permit and 

license acquisition strategies, estimated costs for required 

studies, and a schedule estimating the time required for 

acquisition of permits and licenses. Preliminary estimates 

of time schedules and costs for design and construction 

phases of the project should be included in this section. 

Conclusions and Recommendation 
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This section should conclude the report by providing 

an itemization of the major conclusions reached during the 

study. Major conclusions are based on the assessment of 

technical, environmental, social, institutional, marketing, 

economic, and financial feasibilities of the project. The 

report should conclude with a recommendation as to whether 

or not the developer should implement or abandon the 

proposed project. 



CHAPTER 6 

NOTES FOR THE USER 

This chapter provides supplementary guidance for the 

user of a feasibility study report for a small hydropower 

project for use in conjunction with the general checklist 

in Chapter 4. This guidance includes: defining user respon

sibilities, providing an understanding of the mechanics of 

how a feasibility study is initiated and performed, and 

describing what the user should expect to be covered in the 

major elements of a feasibility report that are of primary 

concern to a developer. In addition, the user is alerted to 
/ 

questions which are of vital concern in making a well 

informed investment decision (questions which should be 

addressed in a complete and adequate feasibility study and 

report). 

User Responsibilities 

The user of a feasibility study report for a small 

hydropower project is ultimately responsible for deciding 

whether to implement or abandon a proposed project, and 

their decision is based on information presented in a 

feasibility report. For this reason, it is vital that the 

user of a feasibility report have confidence in the report 

60 
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itself. To have this confidence, a user must first be able 

to understand the report, and second be able to distinguish 

an adequate report from an inadequate one. If a user can do 

this, then an investment decision can be made with confi

dence based on the assessment of feasibility found in the 

report. 

The developer must be aware of the various types of 

hydropower development possible and the site characteristics 

that largely determine the most appropriate type of develop

ment for a particular site. There are four basic types of 

hydropower development: run-of-river, diversion, storage, 

and pumped-storage. Brief descriptions of each type of 

development are provided here. 

Run-of-river projects usually have a relatively low 

head (10 to 60 feet) which is developed by a low dam struc

ture having no real capacity to store flows. All water 

reaching the project is either passed through the power 

plant or allowed to flow past the dam, over a spillway, or 

through an outlet works. 

Diversion projects usually have a medium to high 

head (60 to 2500 feet and up) which is developed by divert

ing water from the stream and transporting it to a power-

plant location farther downstream or in another drainage 

basin altogether. Flow diverted from the stream to a power 

plant is limited to flow in excess of a predetermined 
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minimum instream flow rate required to maintain the environ

mental quality of the stream downstream of the diversion. 

Storage projects may have a low or high head which 

is developed by damming the stream and storing the incoming 

flows in a pond, lake, or reservoir. The release of water 

from the project is determined by maintaining minimum 

downstream flow rates while optimizing the production of 

project capacity and energy. 

Pumped-storage projects may have a low or high head 

which is developed by passing water through the power plant 

to meet demand, temporarily storing it in an afterbay pool 

downstream, and then pumping it either upstream behind 

the main dam or to a high elevation in a separate reservoir 

or body of water. This pumped water is later allowed to 

flow back through the pump/turbine to produce energy at the 

site. Pumping during periods of less expensive capacity and 

energy costs and operation as a hydropower plant during 

periods of high energy value are usually performed on a 

daily basis, but can be varied as project economics 

indicate. 

In addition to understanding the various types of 

hydropower development projects, the study user should also 

be aware of the diverse nature of the various subjects 

requiring investigation in a feasibility study, including 

consideration of all areas identified in the General 
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Checklist, Table 4-2. The investigations required in a 

study can be both technically difficult and expensive. A 

developer, keeping in mind that the scope of studies is 

limited by financial constraints imposed by the planning 

budget, must be willing to make a reasonable expenditure for 

feasibility studies to ensure that they are of a quality 

suitable for the site and scope of project being investiga

ted . 

Feasibility Study Process 

In selecting a consulting firm to perform a hydro-

power feasibility study, a developer should look for firms 

which are experienced in hydropower development and select 

from among them a firm with a history of performing accu

rate, quality studies at a reasonable and fair cost. While 

it may be more costly to employ a well-qualified firm than 

to use a firm with lesser experience or an inconsistent 

performance record, the larger expenditure for a quality 

study probably will be well justified in the long run. When 

a developer has confidence in the firm performing the study, 

he will be much more likely to have confidence in the report 

that firm produces. 

Once the consulting firm has been selected, the 

developer enters into a contractual arrangement with the 

firm for a feasibility study. The contract usually includes 

a scope of work which describes the tasks to be performed in 
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the study, the expected time frame for completion of these 

tasks, and the cost of the study. It is important that the 

developer and investigator keep in close contact throughout 

the study to facilitate communication and information 

exchange and for both to keep current on project status. 

This is a mutually shared responsibility which will help 

create a healthy working relationship and prevent unneces

sary delays, cost overruns, and other surprises. 

After completing all investigations for a feasibil

ity study, the preparers assemble all pertinent information 

and present the results to the developer in the form of a 

feasibility report. This report should be clearly written 

in language and terms which are easily understood by the 

developer without the need for additional written or verbal 

explanation, as discussed in Chapter 5. 

The following section describes the purpose, scope, 

and importance of all major elements of a feasibility report 

to assist a developer in identifying what constitutes a 

complete and adequate feasibility study report. Questions 

which the feasibility study report should answer are 

identified for each major element of a report. 
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Summary 

The summary should provide a brief, concise narra

tive statement describing the study findings and conclu

sions . 

Introductory Material 

The introductory material should provide a descrip

tive overview of the feasibility study by describing the 

type of project being investigated and why that project type 

is appropriate, objectives and goals of the study, who the 

developers are, the scope of studies and who the investiga

tors are (including a listing of all study participants 

and what their roles were), and special acknowledgement of 

any who have contributed to the study in a noteworthy 

manner. 

Site Characteristics and Existing Facilities 

This section should provide complete description of 

all significant past and present physical and environmental 

conditions and resources at and around the site; past, 

present, and future water use; and all existing facilities 

located on or near the site. The developer should expect 

the site location to be adequately described, including, as 

a minimum, a regional map, vicinity map, and location map 

showing the site, the project, and access to the site. 
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Narrative descriptions of the present legal ownership of the 

site and access routes to the site should be included. If 

acquisition of lands, rights-of-way, or easements will be 

required for the project, the report should indicate how the 

developer may obtain such rights. Information on topography 

and geology of the area and soils and rock formations at the 

site should include an evaluation of how these characteris

tics affect the site's development potential. 

Past and present water use in the project area and 

water users who might be affected by the proposed project 

should be identified because these factors may impose 

operating constraints on the proposed hydropower project and 

limit benefits. Description of the legal investigation of 

water use should indicate who has legal access to the water, 

how much water they have access to, and when they have 

access. Since water is the source of "fuel" for the 

hydropower project, it is vital that the quantity of 

dependable water and any constraints on it's availability be 

accurately known before a commitment is made to implement a 

project. 

Major questions which should be clearly answered in 

this section include: how may the developer obtain the 

property and any existing structures found on it; does the 

site or the structures thereon lend themselves to hydropower 
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development; is there reasonable physical access to the site 

or can access be constructed at reasonable cost; is the 

site within reasonable proximity to suitable construction 

materials; are transmission lines, suitable for utility 

inter-tie, within reasonable proximity; and, are there any 

unique considerations present at the site which might hinder 

hydropower development? 

Hydrology and Sediment 

This section should completely describe historical 

water and sediment flows at the project site and predict 

what flows can be expected during the life of the project. 

It is vital that streamflow at the site be accurately 

assessed in order to determine realistic projections of 

capacity and energy, accurate assessment of the adequacy and 

safety of any existing hydraulic structures, and adequate 

and safe design of all new hydraulic structures. No other 

investigation in a small hydropower feasibility study is 

more important than hydrology, since all subsequent study 

elements are affected by the accuracy attained in the 

original hydrologic assessment. Results of the hydrologic 

studies should be presented in a set of individual curves 

including: headwater and tailwater rating curves, a flow 

duration curve, and a flood exceedance curve. Explanations 

describing the significance of these curves should be 

provided in terms understandable to the user. 
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Specific important flow rates likely to occur at the 

site in the future should be identified and described; this 

includes mean, maximum, and minimum discharge, and the 

magnitude and timing of critical low and high flow rates. 

The importance of these flow rates to the project should be 

identified, and their relationship to adequate and safe 

design, construction, and operation of the hydropower 

project should be discussed. The potential for adverse 

effects from sediment deposition or scour should be estimat

ed and described. 

Important questions which should be answered in this 

section include: is there any time during an average year 

when the power plant will be inoperable due to either 

extremely high or low flow conditions; will the spillway 

design flow require a dam or spillway that is excessively 

costly or will it complicate the hydropower project; and, 

will the sediment load in the stream require exceptional 

measures be taken to avoid damage to power facilities or 

problems due to aggradation at the intakes or in the 

reservoir or degradation downstream of the project. 

Alternatives and Recommended Project Development 

The process used to select the recommended project 

should be clearly explained, and the recommended develop

ment, as well all alternative development plans not present

ly recommended for implementation, should be completely 
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described. The reasons for current rejection of each 

alternative not presently recommended should be discussed in 

a manner clearly understandable to the user because condi

tions may change with time and an alternative not presently 

chosen for implementation may become the recommended project 

in the future. Narrative description of each alternative 

should indicate the general layout, size, location, and 

function of all major project structures and features and 

should discuss their operation. 

The information provided in this section is impor

tant since it justifies the recommended project development 

by indicating the soundness of the methods used to locate, 

select, and size the various elements comprising the 

hydropower project while identifying the appropriateness of 

the development for the site being studied. 

In describing features of the recommended develop

ment, special attention should be given to describing the 

evaluation of the remaining useful life and safety of any 

existing facilities. This is of special importance if the 

hydropower project is to be added to an existing dam. 

The report should indicate if inspections and 

rehabilitation of existing structures are required under 

local, state, or federal laws. Site inspections should be 

accomplished by specialists capable of evaluating specific 

problems when conditions warrant, and the report should 
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address this issue and describe clearly what site inspec

tions were made, why they were made, and by whom. The 

developer must be aware that rehabilitation of existing 

facilities can be a major cost item and a crucial consider

ation in determining project feasibility in some cases. 

Important questions which should be answered in this 

section include: what significant differences exist between 

the alternatives; does the recommended project utilize any 

unproven or "chancey" technologies; what are the potential 

pitfalls of the recommended development; if structures 

requiring rehabilitation are present at the site, are there 

any serious deficiencies in their suitability for use, or 

any indeterminate assessments remaining to be made; and, 

does the recommended project require a unique or exceptional 

construction scheme? 

Hydraulics 

This section should describe hydraulic elements of 

the project, such as the power intake structure, penstock, 

draft tube, spillway, outlet works, etc. Drawings of these 

elements should be provided as appropriate. The results of 

hydraulic analyses should be presented, including identifi

cation and assessment of gross hydraulic heads, head losses 

(energy losses), and conditions under which the project 

features might be vulnerable to damages from adverse high 

flow conditions. Accurate evaluation of gross hydraulic 
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heads and head losses Is important in determining project 

capacity and energy production and, therefore, in making a 

realistic determination of project benefit streams. If the 

project is on an alluvial stream and the stream bed down

stream of the power plant is expected to degrade under 

future project conditions, such degradation must be consid

ered in estimating future tailwater elevations and project 

gross heads as well as the performance characteristics of 

turbines and possible necessity for future control struc

tures . 

Complete identification and assessment of adverse 

high flow conditions is necessary in order to design new 

hydraulic structures and to determine if existing structures 

will be able to handle expected flows. If existing struc

tures are inadequate, a determination of what modifications 

or rehabilitation is required should be provided. Results 

of this assessment are an important factor in determining 

the size, complexity, and costs of the required hydraulic 

structures. 

Important questions to be answered in this section 

include: are exceptional problems likely to occur in or on 

hydraulic structures due to high or low pressures, high or 

low velocities, or volumes of water, if so, will these 

problems require any unique hydraulic designs or structures; 

will project operation and maintenance be affected in any 
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significant way due to sediment concentrations in the water, 

sediment deposition, or scour and degradation; if so what 

measures will be used to prevent or minimize sediment 

problems; and, what (if any) special facilities or operating 

criteria will be required for the protection or passage of 

fish at the project. 

Project Power Production 

This section should describe how project power 

production was estimated, the assumptions on which estimates 

were based, and project power production estimates. The 

accuracy of project power estimates will depend on the 

accuracy of basic data, the validity of assumptions used in 

the analysis, and the ability of the operation study model 

to realistically reproduce operation of the plant under 

expected future conditions. Therefore, it is important that 

all of the above information be clearly identified and 

described in the report. 

Results of power production studies should indicate 

expected capacity and energy production under various 

important future conditions including, as a minimum, 

estimates of average annual capacity and energy production 

values, by year, over the period of analysis and annual 

energy production values for "wet" and "dry" years. These 

values are important in determining project benefits since 

estimates of project revenues are based on such factors as: 
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how much energy a project produces; when the energy is 

produced, on both an hourly and seasonal basis; and the 

"firm", (always available) capacity and energy production of 

the project. A realistic estimate of project benefits can 

be made only when a realistic estimate of project power 

production is made. 

Questions which should be answered in this section 

include: is the plant to be operated as a peaking plant; is 

streamflow adequate to operate the plant throughout the 

year; what is the estimated "firm" capacity and average 

energy production for each month of the year; how reliable 

will project equipment and operation be, and what is the 

estimated annual downtime for maintenance and repair; what 

conditions might occur which would seriously impact project 

energy production; does minimum energy production during the 

year coincide with peak demand in the service area; and, 

will the plant require on-site operating personnel? 

Environmental, Social, and Institutional Considerations 

This section should provide an assessment of the 

feasibility of developing a hydropower project relative to 

predicted environmental, social, and institutional impacts, 

both positive and negative, on and around the project site 

or related to the project. Impacts should be individually 

identified and described in detail, and any adverse impacts 

should be accompanied by a complete description of required 
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and acceptable mitigation measures, such as provision of a 

fish hatchery to compensate for reduced spawning grounds due 

to project implementation. Any enhancement features 

included in the project (which will provide benefits 

attributable to the project), such as recreation facilities 

or fish hatchery capacity in excess of that required for 

mitigation, should be identified and described and their 

inclusion justified. 

Environmental resources of the study area should be 

inventoried, and any special factors such as the presence of 

rare or endangered species of plants or animals and archaeo

logical, historical, and cultural resources should be iden

tified. Applicable preservation and enhancement require

ments of local, state, or federal laws should be noted, 

and local concerns in these matters should be identified. 

The study user must be confident that environmental studies 

are complete and well documented so that all facts are 

known, and that it is unlikely there will be future delays 

and added costs in implementing the project due to environ

mental factors. 

It is particularly important that study preparers 

work closely with concerned agencies, groups, organizations, 

and individuals when identifying impacts in order to 

determine legal requirements and public concerns relative to 

the project. While this can be time consuming, time spent 
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for a thorough investigation during feasibility assessment 

should minimize the occurrence of costly delays or later 

project cancellation due to oversight in identifying project 

impacts. 

This section should definitively answer the follow

ing questions: what environmental, social, or institutional 

issues required special study or attention; are the studies 

complete or are additional studies required; is it likely 

that any of these issues might seriously delay or prevent 

project licensing; what mitigation measures are required for 

the project; what are possible enhancement opportunities; 

and most importantly, is the project feasible relative to 

environmental, social, and institutional issues? 

Project Costs 

This section should provide a clear presentation of 

all costs associated with construction and operation of the 

project, with the costs grouped into two catagories, 

capital costs and annual energy production costs. 

Capital costs include: direct costs, which are costs 

associated with the purchase and construction of physical 

components of the project such as lands, structures, 

turbines, electrical equipment, etc.; indirect costs, which 

are costs associated with the purchase of services such as 

engineering, construction supervision, administration; and 
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financing and legal costs associated with project licensing 

and the borrowing of funds. 

Energy production costs are annual costs which 

are incurred on a yearly basis in order to own, operate, and 

maintain the project, such as interest and amortization, 

operation and maintenance, administration, taxes, insur

ance, etc., and contingency costs. Contingency costs in 

this context are associated with unexpected events which may 

occur in the future, such as loss of revenue due to mechan

ical failure of a vital component, a freak storm which downs 

all transmission lines for two weeks, or similar events 

which shut down the power plant for a period of time during 

which it normally would be operative. 

Questions which should be answered in this section 

include: what is the basis for cost estimates; are contin

gencies included in the estimates sufficient to cover the 

likely cost of items for which estimates are uncertain; what 

cost items might increase or decrease significantly from the 

estimates provided; what costs most significantly affect 

economic viability of the project; and, are there any costs 

which could be significantly reduced by alternative designs 

or construction methods? 

Marketing Considerations 

This section should provide a clear presentation of 

the feasibility of marketing project capacity and energy 
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produced at the proposed project, including potential 

marketing strategies for likely sale of project capacity and 

energy and the market value. A realistic estimate of 

project benefits can be produced only when a realistic 

assessment of potential purchasers and purchase price is 

developed for the sale of project capacity and energy for 

both present and future conditions. The report user should 

be particularly concerned with the completeness and relia

bility of information in this section because it is funda

mental to their making a wise investment decision. 

Answers to the following questions should be 

provided in this section: is there a market for peaking 

power; are there any government laws or regulations which 

significantly impact marketing of project capacity and 

energy; have all potential purchasers been identified and 

contacted to assess potential purchase arrangements; is 

there a ready market for project capacity and energy, and if 

so, is it local or will wheeling be required; what type of 

selling arrangement is most likely, and are there similar 

projects in the area which can provide a comparison; what is 

the basis for present and future values of capacity and 

energy; and, what is the feasibility of marketing project 

capacity and energy? 
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Economic Evaluation 

This section should describe the methodology used to 

evaluate economic feasibility, present the results of a 

comparative analysis of average annual benefits and costs 

expected to occur during the economic life of the project, 

and present the results of an overall assessment of econom

ic feasibility for the project. 

The economic evaluation will indicate if project 

benefits are expected to exceed costs over the project life, 

at what interest rate project benefits would equal project 

costs, and unit costs of capacity and energy. It will not 

determine if the proposed project will be financially 

feasible. It is very important that the developer recognize 

the distinction between economic and financial assessments 

and realize the independent nature of each. Installed and 

annual unit costs for the project should be provided; these 

are simply the total cost of the project divided by the 

installed plant capacity ($/kW) and the average annual cost 

divided by the average annual energy generated ($/kWh). 

When unit costs for the proposed project are comparable to 

unit costs for other similar, recently completed hydropower 

plants, the developer is reassured that cost and benefit 

estimates are reasonable and can feel confident in making a 

decision to proceed with a project. 
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Important questions which should be answered in 

this section include: what is the basis for the assumed 

physical and economic lives of the project; what is the 

basis for the inflation rates used; have costs and benefits 

been evaluated on an equitable basis with regard to future 

inflation; how does this project compare to similar hydro-

power projects on an economic basis; how sensitive is the 

economic analysis to changes in cost and benefit streams; 

and, most importantly, is the project economically feasible? 

Financial Analysis 

This section should describe financial feasibility 

studies such as: potential sources of project funding; 

expected revenue by years, which determines if annual 

project receipts will meet annual charges; how long it will 

take for the project to pay for itself; and the probability 

that the project will produce the desired return on invest

ment. Because the costs of constructing a project are 

greatly influenced by the terms obtained for financing, a 

project which is economically feasible may not be found 

financially feasible. Description of each possible funding 

alternative should include: identification of the funding 

source; interest rate; period of repayment, and the various 

financing fees which might be incurred. 

Project tax status should be analyzed, and any 

required subsidies should be described. A projected cash 
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flow statement for each year of project life should be 

included to confirm that revenues are expected to meet 

outlays in the early years of project life or to indicate 

the extent of and time period when subsidies are likely to 

be required. Some developers may be able to subsidize a 

project for a predetermined length of time, but it is very 

important that they understand if such subsidies are likely 

to be required when making an investment decision. 

Questions which should be clearly answered in this 

section include: what are the minimum financing fees; have 

all likely means of financing been explored; have potential 

subsidies been considered if required; what is the cash 

flow for the project particularly during the early years of 

project life; how sensitive is the financial analysis to 

changes in interest rate and repayment period; and, is the 

project financially feasible? 

Project Implementation 

This section should provide the developer with all 

information required to implement the proposed project, 

including time and cost schedules to bring the project from 

it's present study status to completion; identification of 

all required local, state, and federal agency environmental 

documents, permits, and licenses; description of the current 

status of reports, permits, and license applications; and, 

descriptions of strategies and schedules to meet all agency 



81 

requirements and to obtain all remaining permits and 

licenses. 

Important questions which should be answered in this 

section include: what is the current status of the project 

relative to environmental documents and the acquisition of 

required permits and licenses; have all applicable local, 

state, and federal regulations and laws been addressed and 

can they be complied with; what strategies will be employed 

in order to obtain any remaining permits and licenses; do 

any significant difficulties need to be resolved or are 

there any studies which need to be performed in order to 

obtain lacking permits and licenses; what are the unusual or 

complicated facets of project design and construction 

efforts; what decisions remain to be made in order to 

proceed with the project; and, what uncertainties need to 

addressed prior to implementation? 

Conclusions and Recommendation 

The report should conclude by summarizing major 

conclusions reached during the feasibility study and 

presenting recommendations based on those conclusions. 

Conclusions should include: assessment of economic and 

financial feasibility for the project, the feasibility of 

marketing project outputs, and the feasibility of meeting 

environmental requirements and other constraints. The 



82 

overall assessment of project feasibility should be discuss

ed, based on these individual feasibility assessments. 

The primary recommendation of a feasibility report 

is whether to implement or abandon the project based on the 

identified overall project feasibility and any other 

important considerations identified by the investigators. 



CHAPTER 7 

CONCLUSIONS AND RECOMMENDATIONS 

This thesis provides guidance for preparers and 

users of feasibility studies for small hydropower projects 

based on problems identified in feasibility studies current

ly being produced in the United States. In the process 

of developing this guidance a number of conclusions have 

been reached, and various recommendations are made based on 

these conclusions. These conclusions and recommendations 

are presented below, grouped under the topical heading in 

which they appeared. 

Introduction 

As long as small hydropower projects are economi

cally viable, the industry will continue to evolve and new 

hydropower plants will be constructed. Construction of new 

hydropower plants produces the need for quality feasibility 

studies in order to provide for cost effective and environ

mentally sound development of this source of renewable 

energy. 

83 
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Current Inadequacies 

Feasibility studies being produced in the United 

States today are deficient or inadequate in many important 

areas. The four major areas identified by 1EC0 (1985) are: 

* Project financing and economic evaluation 

* Power value and marketing 

* Environmental and related concerns 

* Descriptive detail 

These identified deficiencies hinder the desired 

growth of the small hydropower industry in the United 

States. Quoting IECO (1985), "...the future of successful, 

efficient small hydro development will depend to a signifi

cant degree upon the adequacy of the feasibility investiga

tions performed for such projects". 

Planning Studies 

Planning studies (reconnaissance and feasibility) 

play a vital role in the decision-making process of whether 

to abandon or proceed with a small hydropower project. The 

importance of recognizing the need for quality in planning 

studies is twofold. The preparer (investigator) of a feasi

bility study must produce a complete and adequate study and 

report, and the user (developer) must be capable of recog

nizing a high-quality study and understanding the content of 

the report. 
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General Checklist 

A general checklist is provided for both prepar

ers and users of feasibility studies for small hydropower 

projects. This list indicates major elements of a study as 

well as typical items of concern for each major element. 

Use of this list by both groups will result in an awareness 

of what investigations may need to be undertaken during the 

feasibility study for a potential small hydropower site. 

Preparer Notes 

Use of these notes by a feasibility study preparer 

will assist in determining the most important investigation 

areas in a particular study and provide guidance in carrying 

out the study itself. Additional guidance is provided by 

indicating a good report format for a small hydropower 

feasibility study and discussion of the mechanics involved 

in preparing a report. Use of preparer notes in conjunction 

with the general checklist should assist the preparer in 

producing an adequate and complete feasibility study. 

User Notes 

Use of these notes by a feasibility study user in 

conjunction with the general checklist will assist the user 

in recognizing and understanding a quality feasibility study 

and report. When able to do this, the user will have confi

dence in the feasibility study itself, and as a result, will 
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be confident when making an investment decision based on 

the feasibility report. 

Conclusion 

Use of the information provided in this thesis 

should be helpful to preparers and users of small hydropower 

feasibility studies and reduce the number of inadequate or 

incomplete feasibility investigations and reports for small 

hydropower projects in the future. If this result is 

achieved, there should be fewer delays and cancellations of 

small hydropower projects in the future because of poor 

quality feasibility study investigations and reports. 
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