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1. INTRODUCTION

: For centuries, energy from falling water has been converted by man to

. . perform useful work. At the turn of the century, this country was dotted
with thousands of picturesque water wheels being turned by the weight or
velocity of falling water. The turning water wheels converted the energy

- of the falling water into mechanical energy, or shaft horsepower. Usually,
the water wheel turned a shaft that was connected to some work process such
as a gristmill. Today's modern turbines, although they look much different
than the old water wheels, represent refinements of similar technology--a
more efficient way of converting the energy of falling water to mechanical
energy, resulting in faster shaft rotation (see Figure 1-1). If the shaft
from a turbine is connected to an electric generator, the two pieces of
equipment become known as a hydroturbine-generator unit or a
hydroelectric-generator. In general, it can be said that the modern
turbine rotates much faster than a water wheel. The faster speed is an
advantage in hydroturbine-generator units.

The size of hydroturbine-generator units can vary from a very small
( tu~bine connected to a car alternator to a large unit like those in Grand
Coulee Dam on the Columbia River. Microhydropower plants are the smallest
of the turbine-generator units, producing 100 kilowatts (kW) or less of
power [134.1 horsepower (hp)‘or less]. This handbook only considers units
in this size range that convert the mechanical shaft energy of a turbine
into electric energy from a generator.

There are many types and makes of turbines. This handbook discusses
those turbines that would most likely be connected to small generators
producing less than 100 kW of electric power. Water wheels are not
addressed in this handbook.




Falling water
energy

Water wheel
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Figure 1-1. Comparison of water wheel and water-driven turbine.
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1.1 Purpose

The purpose of this handbook is to provide a mechanically proficient
“lay person with sufficient information to evaluate microhydropower site
potential, lay out a site, select and install equipment, and finally,
operate and maintain the compieted system. The actual construction details
of the site are not included; rather, pointers are given as to what help he

should expect from a construction contractor, and general guidelines on
construction details are provided. 1In addition, information about
obtaining financing and permits is provided. To help offset the cost, the
person performing the work, referred to as the "developer," is encouraged
to do as much of the work as possible. However, developers with major

areas of uncertainty should consider professional assistance.

The handbook has been written with the aim of keeping the format
simple and straightforward. The reader is encouraged not be intimidated by
what may be unfamiliar or appear too technical. The handbook assumes that
the reader has little working knowledge of hydropower or the engineering .
concepts behind the use of hydropower. The reader is encouraged to take
the time to read and understand each section of the handbook, especially
the mathematics, tables, charts, and graphs. A thorough understanding of
the information presented in the handbook will greatly enhance the chances
for a successful development--one that produces the energy expected and
saves the developer money and time in the long run. Keep reading and
studying the contents of this handbook; don't give up!!! The mathematical
procedures presented in this handbook are limited to multiplication,
division, and square rcots. More sophisticated procedures may yield
greater accuracy, but for the purposes intended, the procedures presented
should be sufficient.

Figures 1-2 and 1-3 show simple tools and aids you can use in making
and recording calculations, making sketches, and doing similar work that
will be needed during the site development process. A pocket calculator
can be of great benefit in performing many of the calculations. You will
also need a ruler or scale, a triangle, and graph paper or quadrille
paper. Graph paper with 10 divisions to the inch and a scale with the same
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Figure 1-2. Simple tools and aids.

R R Y

Figure 1-3. Types of scale.
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divisions can be very helpful. All of these items are easily obtainable at
a stationery or office supply store.

1.2 Cost of Development

At the time of this writing, 1982, the typical development cost may
range from $1,000 to $4,000 per installed kW. A typical single-family home
will require a peak power demand of 5 kW. (If electricity is used for
heating, the demand may reach 12 to 20 kW.) This means that a developer
who wants to install a unit for personal use may have to invest from $5,000
to $20,000.

The installation cost can vary greatly, depending on the work required
to prepare the site and on the physical dimensions of the turbine-generator
unit to be used. The handbook demonstrates how to estimate installation
cost and how to balance design tradeoffs, cost, and projected energy
production.

1.3 Category of Developer

The majority of people interested in microhydropower are motivated by
a desire to be energy independent. The remainder of those interested
desire to produce as.much energy as possible as a source of revenue and
will generally install larger units than those in the first category. This
handbook addresses both categories of interest.

You are encouraged to determine which of the two categories applies to
you. It will make a difference in how you design your microhydropower
system. If you are unsure which category you should be in, you should
evaluate the site as a Category 2 developer and make a final decision later
as to which category you build to.

Category 1. The primary motivation is to supply electricity where a
utility source is not available, or to develop a separate source of

electrical energy and thus become energy independent. The devaloper
in this category is more interested in generating cnly what energy is
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needed and in having that energy available for as much of the year as
possible. The developer is not interested in recovering the maximum
energy available from the stream. As a result, the system will be
designed for the minimum stream flow of the year. The Category 1
developer will generally have a smaller investment than the Category 2
developer.

Category 2. The primary motivation is to produce the maximum energy
available from the stream for the dollar invested. The developer may
or may not plan to use the energy generated. The operating capacity
will generally be greater than 50 kW. The design flow will usually be
70 to 75% of the maximum annual stream flow.

1.4 Organization of the Handbook

The handbook is intended to aid the individual who has a small site
that does not justify the expense of professional engineering services.
The handbook is divided into eight sections, including the Introduction.
You are encouraged to peruse the handbook and obtain a general knowledge of
its content before starting actual development. Sections 2 through 8
represent the major steps that any site development must go through. With
the exception of Sections 7 and 8, which cover financial and institutional
requirements, the sections are presented in the order that must be followed
in development. The actual development steps given in Sections 2 through 6
should be comp]eéed in the sequence presented to the maximum extent
possible. Sections 7 and 8 -should be read and followed from the beginning
of development through actual operation. Subsection 1.5 below describes
. the actual steps in more detail.

Several appendices are provided. They contain technical data and
conversion tables, descriptions of the development of two example sites, a
discussion of applicable federal laws, 1ists of federal and state agenciex,
a list of equipment manufacturers, and a glossary of terms.
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1.5 Event Sequence

To help in using this handbook, an event sequence--a logical sequence
of major steps to be followed in developing a microhydropower p]ant--ié
presented below, with a brief narrative describing each event or step.
Each event is also cross-referenced to the appropriate section in the
handbook. A developer who follows this sequence should encounter minimal
delays in the development process and should gain ghe most from thi;
handbook. ‘ S

In reading through the event descriptions for the first time, you may
encounter terms that are confusing and statements that, without more
background, have little meaﬁing to you. Don't worry about the details of
the events at this time. The sequence is set up for continual reference as
you work through the handbook. As you proceed, the terms and statements
should become clear. Keep this subsection marked for quick reference, and
as you finish each step refer back to be sure you pursue the next most
important step.

Not all events listed below must be done one at a time. There are
some steps that can be performed simultaneously. Figure 1-4 is a graphical
representation of the events. The figure will be explained in more detail
after the narrative description.

1.5.1 List of Events

1. Lightly Review the Handbook. Skim through the handbook. Become
familiar with its organization and with the major subjects

covered in each section. As you are reviewing, study the figures
and diagrams in particular. Refer to the glossary (Appendix G)
»for meanings to unfamiliar terms. Don't worry if you don't
understand some of the sections. They should become clear as you
work with them.

2. Read Sections 1 and 2 and Subsection 8.1. The most important
items in Section 1 are the event sequence and the determination
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Handbook
sections

Event Seguence

Sec. 7.0
Economical
and

Financial
considerations

Sec. 16
Design
Construction
Operation

21 .22 23 24 25

—

Environmental
Considerations|

1 -
4 2
4
Sec. 8 20"
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institutional -
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4 - ]
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12 > 140____ - 27 ) 32 !
21340 "
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g
w
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All categories

1. Lightly reviaw the Handbook 10.
2. Read Sections 1 and 2 and Subsection 8.1 ",
3. Determine power requirements (Subsection 3.1} 12.
4, Make site inspection (Subsaction 3.2) 13,
5. Make initial contact with stata and loca! 14,
agsncies (Subsection 8.2) 15.
8. Make initial contact for Federal land-use 16.
Permit (Subsection 8.3.3 and Appendix C) 17.

7. Determine available flow (Subsection 3.3)
Category 1 with an existing dam, canal drop, or 18,
industrial waste discharge site 19,
8. Measure head and distance (Subsection 3.4) 20.
8. Determine design capacity (Subsection 3.5) 21.
Category 1 with a run-of-the-stream site 22.
8. Determine dasign head (Subsection 3.5) 23.
9. Measure head and distance (Subsection 3.4) 2,
Category 2 with an existing dam, canal drop or 2.
industrial waste discharge site 26.
8. Measure head and distance (Subsection 3.4) 27.
‘9. Determine plant capacity (Subsection 3.6) 28.
9.2 Determine annual energy: production (Subsection 28.
3.7 30.
Catagory 2 with a run-of-the stream site 31.
8. Determine plant capacity (Subsection 3.6) 32.
9. Measure head and distancs (Subsection 3.4) 33.
9.a Determine annual energy production (Subsection 3.7) 34,

INEL 2 2700

All catagories

Go-No Go

Determine federal requirements (Subsection 8.3)
Obtaln state and local permits (Subsection 8.2)
Obtain federal-land use Permit (Subsection 8.3.3)
File for FERC ticense Subaection 8.3)

Read saction on turbines (Subssection 4,1)

Contact manufactures and suppliers{Subsection 4.2)

Determine market potentlal (Subsection 8.4 and-
Section 7.0)

Determine financing options (Subsection 7.0)
Make preliminary cost estimate (Subsection 4.3.1)
Go-No Go (Subsaction 4.3.1)

Select the design criteria (Subsection 4.3.2)
Design the system {(Subsections 4.4 through 4.8)
Assemble the design package (Subsection 5.1)
Negotiate an equipmant package (Subsection 5.3)
Make a project cost estimate (Subsection 5.2)
Go-No Go (Subsection 5.2)

Obtain FERC license (Subsection 8.3)

Finalize the marketing contract {Subsection 8.4)
Develop financial package (Subsection 5.0)
Obtain financing (Subsection 7.0)

Finalize design (Subsection 5.4)

Obtain locat building permit (Subssection 8.2)
Construct the system (Subsection 5.0

Operate the systemn (Subsection 6.0)

INEL 23214

Figure 1-4. Event sequence.




of your development categofy. Section 2 begins the actual wark
of the handbook by defining such terms as head, flow, and
kilowatt. The power equation is presented in Subsection 2.5.
This equation is the basis for all hydropower development.
Subsection 2.6 describes the types of microhydropower source.
The type of source you have (Run-of-the-Stream, Existing Dam,
Canal Drop, or Industrial Waste Discharges) establishes how you
design your system. Subsection 2.7 identifies the
characteristics of the two example sites used in the handbook.
Subsection 8.1 describes some of the environmental considerations
you may have to address.

Determine Your Power Requirements (Subsection 3.1). In

Subsection 3.1 you will determine how much power you should have
to meet your needs. This number is important as a base for
comparison with the power-generating potential of the your
source. Category 1 developers will use the required power as
their first design point and base the rest of their system design
on it. ’

Make Site Inspection (Subsection 3.2). Subsection 3.2 leads you
through a detailed inspection of your site. You are given a list

of things to consider in your inspection. After the inspection,
you should establish a preliminary layout for your site.

Make Initial Contact with State and Local Agencies
(Subsection 8.2). At this time, it is important to establish
the initial contact with the state agencies. Subsection 8.2,

State and Local Requirements for Development, tells how to
proceed and identifies what should be discussed in these contacts.

Make Initial Contact for Federal Land-Use Permits
(Subsection 8.3.3 and Appendix C). If any part of your site

will involve the use of federal lands, you should contact the
apprdpriate agency at this time to determine the land-use
requirements. Subsection 8.3.3 and Appendix C tell what steps to
take.
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7. Determine Available Flow (Subsection 3.3). Subsection 3.3
presents various methods for measuring stream flow. If you are a

Category 2 developer, you will be given additional instructions
on how to develop a flow duration curve. The curve is important
in selecting the right equipment and determining how much energy
can be generated in a year.

Note: How you proceed through the next two events depends on which
category of developer you are and what type source you are developing.

. Category 1 with an Existing Dam, Canal Drop, or Industrial Waste
Discharge Site

8. Measure Head and Distance (Subsection 3.4). Subsection 3.4
describes various survey methods useful in measuring head and
discusses the measurement of intake to powerhouse distances.

9. Determine Design Capacity (Subsectijon 3.5). Subsection 3.5 has
several parts to choose from. You should follow Subsection 3.5.2
to calculate the design power cépacity of the site. This number
can then be compared with your power requirements, which were
determined in Step 3. If the calculated power is less than the
requirements, the site will not produce all the power you need.
If the calculated power is more than your requirements, then you

may be able to sell the excess power to a utility, or you can
reduce the design flow to meet only your needs.

Category 1 with a Run-of-the-Stream Sijte

8. Determine Design Head (Subsection 3.5). Run-of-the-Stream
developers have the option of determining how much head they wish
to develop. Section 3.5.1 shows you how to determine the amount
of head required to meet your needs.

9. Measure Head and Distance (Subsection 3.4). Subsection 3.4
describes various survey methods.
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Category 2 with an Existing Dam, Canal Drop, or Industrial Waste

Discharge Site

(Yol

9a.

Measure Head and Distance (Subsection 3.4). Subsection 3.4
describes various survey methods useful in measuring head and

discusses the measurement of intake to powerhouse distances..

Determine Plant Capacity (Subsection 3.6). Subsection 3.6

explains plant capacity and gives a rule-of-thumb method for
analyzing plant capacity. '

Determine Annual Energy Production (Subsection 3.7).

Subsection 3.7 discusses annual energy production and explains
plant factor.

Category 2 with a Run-of-the-Stream Site

8.

%a.

Note:

10.

Determine Plant Capacity (Subsection 3.6). nun~-of-tne-stream

developers will evaluate plant capacity for a range of heads.

Measure Head and Distance (Subsection 3.4). A survey should be
conducted to determine if the head ranges are reasonable.

Determine Annual Energy Production (Subsection 3.7).
Subsection 3.7 discusses annual energy production and explains

plant factor.

A1l categories of developers proceed from here.

Go/No-Go. This is a logical place to address the first Go/No-Go

decision, which is a decision whether or not to proceed with the
development. This event does not refer to any particular section
in the handbook. Instead, it is a simple comparison of the power

‘required (determined in Step 3) and the power that can be produced

(calculated in Step 8 or 9). If the power required is less than
or equal to the calculated power, your decision can be "go" and
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11.

- 12.

13.

14.

15.

16.

you should proceed to the next event. If the power required is
considerably more than the calculated power, then you might
consider a "no-go" decision and find some other means of
generating power.

Determine Federal Requirements (Subsection 8.3). Read

Subsection 8.3 and determine which exemption category you think
your site fits into. It is a good idea to write or call the FERC
to verify the procedure you think appropriate. ‘

Obtain State and Local Permits (Subsection 8.2). In accordance

with your initial contacts and Section 8.2, obtain all the state
and local permits needed to accompany your FERC license request.
(The term "License" in this handbook also implies exemption).

Obtain Federal lLand-Use Permits (Subsection 8.3.3). If you are
going to use federal lands in any way, you must have a permit

from the agency with jurisdiction over the land before the FERC
will grant a license. 1In Step 6 you determined what requirements
would be imposed on you. To obtain a permit, you must be

.prepared to show how you will comply with the requirements.

File for FERC License (Subsection 8.3). In accordance with

Subsection 8.3, file with the FERC for the appropriate exemption.

Read Section on Turbines (Subsection 4.1). Subsection 4.1

describes the various types of turbine available to microhydro-

power developers. Read the section and determine which type or
iypes best fit your site.

Contact Manufacturers and Suppliers (Subsection 4.2).

Subsection 4.2 presents a form to fill out and send to the
turbine manufacturers and suppliers. The manufacturer or
supplier completes the form or supplies the requested information
in some other way, and then returns the information to you. With
this information in hand, you will now be able to determine the

preliminary site economics and establish the design criteria.

1-12

——



17.

18.

19.

20.

21.

22.

23.

Determine Market Potential (Subsection 8.4). If you are a

Category 2 developer or a Category 1 developer who might sell
excess power, read Section 8.4 "Marketing" and ther contact local
utilities to determine their interests.

Determine Financing Options (Section 7.0). Section 7.0

discusses several financing options. 'Review the section to
determine which options might be available to you.

Make Preliminary Cost Estimate (Subsection 4.3.1). After the

forms are returned from the manufacturers and suppliers, you can

make a preliminary cost estimate for the project. This first
rough-cut estimate of the project cost should be considered
preliminary, but it shkould indicate the financial magnitude of
the project.

Go/No=Go (Subsection 4.3.1). The first Go/No-Go decision
(Step 10) was based on the power potential of the site. This

decision is based on the economic potential of the site. If you
consider the development worth the investment, proceed. If not,
drop it.

Select the Design Criteria (Subsection 4.3.2). If your decision

is "go," it is time to select the best turbine-generator and
establish the design criteria that will be used for the design
work in the remainder of Section 4.0.

Design the System (Subsections 4.4 through 4.9). Follow the
procedure in Subsections 4.4 through 4.9 to design the system.

Assemble the Design Package (Subsection 5.1). In Subsection 5.1,

you will assemble the designs of Section 4.0 into a design package
and check to make sure that the system will fit together (that is,
verify dimensions, lengths, flows, velocity, etc.). Correct any
deficiencies to make sure that you are aware of all costs which
can be identified.
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Negotiate An Equipment Package (Subsection 5.1.2). Contact the
manufacturer(s) and supplier(s) identified in Step 21 and
negotiate or receive bids for the equipment package.

Make a Project Cost Estimate {Subsection 5.1.4). From the

information in Section 4.0 and Subsection 5.1.4, make a detailed
project cost estimate for the complete project.

Go/No-Go (Subsection 5.1.5). Like the previous Go/No-Go
decisien, this decision is based on the economics of the system.

Obtain FERC License (Subsection 8.3). Most lending institutions

will require an FERC Ticense before they will loan money for a
hydropower project. Federal iaw requires a license before
construction begins. In Step 14, you filed for a license. You
will have to have a license before proceeding much further.

Finalize the Marketing Contract (Subsection 8.4). If you plan

to sell power, it is time to negotiate a firm price for the power
and obtain a legal contract.

Develon Financial Package (Section 7.0 and Appendix A-5).
Develop a financial package to present to the lending
institutions.

btzin Financing (Section 7.0). Obtain the financial resource
required to construct the project.

Finalize Design (Subsection 5.1). If the purchased equipment
requires changes in any of the design criteria, correct the
design to account for the changes. If it does not, use the
design from Step 23 for construction of the project.

Obtain Local Building Permits (Subsection 8.2). Obtain county
and/or city permits before starting construction.
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33. Construct the System (Section 5.2). Procure equipment,

construct the system, and install all components.

§ 34. Qperate the System (Section 6.0). Section 6.0 describes some of
' the things that should be considered during the first startup of
the system. This section also tells you how to bring the system
on line.

Each of the 34 events are shown in Figure 1-4 as an activity line.
The event is referenced to the activity line by placing the event number
above the line. The figure shows which events can be performed
simultaneously. The figure shows event sequence only; it does not
represent a time frame for doing the work.

1.6 Event Schedule

Table 1-1 shows the typical range of time that might be required to
complete each event shown in the logical sequence of events (Figure 1-4),

TABLE 1-1. TYPICAL TIME RANGE FOR MICROHYDROPOWER DEVELOPMENT EVENTS

TN

a
Typical Time Range

Events (months)

A1l Categories Low High

1. Lightly review the handbook - -

2. Read Sections 1 and 2 and Subsection 8.1 - -

3. Determine your power reguirements 1/4 1

4. Make site inspection 174 1/2

. 5. Make initial contact with state and local 1 2
agencies

6. Make initial contact for Federal land-use 172 2
permits
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TABLE 1-1. (continued)

a
Typical Time Range
Events ' (months)
A1l Categories | Low High
7. Determine available flow 1/4 12

Category 1 with an Existing Dam, Canal Drop,
or Industrial Waste Discharge Site

8.  Measure head and distance 1/4 1
9. Determine design capacity 1/4 1/2

Category 1 with a Run-of-the=Stream Site

8. Determine design head 1/4 1/2
9. Measure head and distance 1/4 1

Category 2 with an Existing Dam, Canal Drop,
or Industrial Waste Discharge Site

&. Measure head and distance . 1/4 1
9. Determine plant capacity ‘ - 1/4 1/2
9a. Determine annual energy production 1/4 1/2

Category 2 with a Run-of-the-Stream Site

8. Determine plant capacity 1/4 1/2
,.9; Measure head and distance 1/4 1
Sa. Determine annual energy production 1/4 1/2
10. Go/No-Go -- --
11. Determine federal requirementg 1/4 1/2
12. Obtain state and local permits 2 6
13, Obtain Federal land-use permits 2 6
14. File for FERC license 1/2 1
15. Read section on turbines . - .=
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TABLE 1-1. (continued)

L ' ~ Typical Time Rangea
i ' Events (months)
A1l Categories Low High
- . 16. Contact manufacturer and suppliers 1 3
‘ 17. Determine market potential 1 3
18. Determine financing options : 1 3
19. Make preliminary cost estimate 1/4 1/2
<u. Go/No-Go -- --
21. Select the design criteria 1/4 1/2
22. Design the system 3 6
23. Assemble the design package 1 2
24. Negotiate an equipment package 1 3
25. Make a project cost estimate 1 2
(4 26. Go/No~Go ~- -
27. Obtain FERC license 1 6
28. Finalize the marketing contract 1 3
29. Develop financial package 1 3
30. Obtain financing ‘ 3 6
31. Finalize design 1/4 2
32. Obtain local building permits 1/4 1/4
33. Construct the system 3 12

¥ 34. Operate the system - -

a. The reader is cautioned not to add up the columns of months to obtain
total elapsed time, since many of the events are simultaneous.

-
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2. WHAT IS HYDROPOWER?

Hydropower is the power derived from the natural movement or flow of

masses of water. Most commonly, this power is harnessed by taking advantage

of the fall of water from one level to another, thus exploiting the effect
of gravity. The energy of the falling water is converted to mechanical
energy by the use of a turbine. Microhydropower turbines come in many
shapes and sizes--from waterwheels, to pumps used as turbines (where water
is forced through the pump in the opposite direction), to squirrel cage
turbines, called crossflow turbines. Once the turbine is used to convert
water energy to mechanical energy, the mechanical energy in turn can be
used to perform work or converted to some other form of energy, such as
electrical energy (called hydroelectric energy). The energy-producing
potential at any given hydropower site depends on the energy of the water,
which in turn depends on the distance the water falls, called the head, and
on the amount of water flowing.

The actual amount of mechanical or hydroelectric energy produced at
such a site also depends on the efficiency at which the turbine or turbine-
generator unit can convert the water enerqgy to the other forms of energy.
Sites with modern microhydroelectric units will have efficiencies ranging
from 40 to 75%. In other words, 40 to 75% of the energy-producing
potential is actually converted into useful energy.

This section of the handbook discusses the recent history of
waterpower, ‘definitions of head and flow, the definition of kilowatt, the
power equation (a more detailed development of the power equation is givén
in Appendix A-1), types of microhydropower source, and two example sites.
(The example sites are discussed in the remaining sections cof the handbook
and are presented as complete examples in Appendix B.) A reader who is
familiar with these subjects may want to skim over this section.
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2.1 History and Typical Microhydropower Systems
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than 2,000 years to the earliest waterwheels. Such wheels in one form or
another were the primary source of power for many centuries. French engi-
neers started making improvements in waterwheels in the mid 18th century
and continued to lead the field until the mid 19th century. A French mili-
tary engineer, Claude Burdin (1790-1873), fir<t used the term "water
turbine" from the Latin turbo: that which spins. (Although water wheels
fit this definition, they are not now classed as turbines by most of those
working in the hydropower field.) The first commercially successful new
breed of hydraulic turbine was a radial-outflow type. The water entered at
the center of the turbine and flowed outward through the turbine runners
(blades). The turbine was developed by a student of Burdin, Benoit
Fournegron (1802-1867). In 1836, a patent was awarded to Samuel B. Howd of
Geneva, New York for a radial "inflow" wiu.rbine. The.idea was perfected by
James B. Francis and Uriah A. Boyden at Lowell, Massachusetts in 1847. In
its developed form, the radia] inflow hydraulic turbine, now known as the
Francis turbine, gave excellent efficiencies and was highly regarded.a

. Anether class of turbine used the concept of a vertical wheel driven
by a jet of water applied at one point in its circumference. The approach
led ultimately to the Pelton wheel, which uses a jet or jets of water
impinging on an array of specially shaped buckets closely spaced around the
rim of a wheel. The Pelton wheel was developed at the end of the 19th
century by a group of California engineers, among them [ester A, Pelton
(1829-1908).P

Waterwheels and modern turbines are often differentiated by stating
that modern turbines are smaller, run at higher speeds, will work submerged,

a. The Design and Performance Analysis of Radial~Inflow Turbines,
Volume 1, Northern Research and Engineering Corporation, Cambridge,
Massachusetts.

. b. "The Origins of the Water Turbine," Norman Smith, Scientific American,

January 1980, Vol. 242.
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can use a wide range of heads of water, and, finally, are more powerful or
more efficient.? Waterwheels, on the other hand, produce shaft mechanical
power with slow rotational speed and high torque. The rotation speed might

. range from 6 to 20 revolutions per minute (rpm). Where water wheels were

used in industry, power was transmitted by pulleys and belts to perform
work such as milling and grinding or operating saws, lathes, drill presses,
and pumps. These operations needed the higher torque and only modest rpm.

It is worth noting that water wheels offer high torque and thus are
capable of driving heavy, slow-turning mechanical equipment. If that is
the type of power you need, you should look at the possibility of using a
waterwheel. They will operate even with large variations in the water flow
rate, and they require minimal maintenance and repair. In addition, trash
racks and screens are usually not required, since most waterwheels can
operate with dirt, stones, and leaves entrained in the water.

Electric generators, however, require rotation speeds ranging from 720
to 3,600 rpm. Generators operating at higher speeds are smaller and cost
less than those operating at lower speeds. For this reason, the modern
turbine is favored for the generation of electricity.

The generation of electric power from flowing water has been a source
of energy in the United States for a century. The first electricity from
hydropower was produced in 1882 by a 12.5-kilowatt (kW) plant in Appleton,
Wisconsin. Since then, the number of hydroelectric power generating facil-
ities in the U.S. has grown to more than 1,300, and total capacity now
surpasses 76,000 megawatts (MW).

Early hydroelectric power plants were small, and the power they pro-
duced went to nearby users. But by the early 1900s, design and engineering
advances had opened the way for larger facilities and greater transmission
distances. Improvements in dam construction equipment and techniques made
much larger dams possible, while the use of alternating current (a-c)

a. "The Origins of the Water Turbine," Norman Smith, Scientific America,
January 1980, Vol. 242,




generators, transformers, and the development of suspension-type insulators
led to long-distance, high-voltage power transmission systems.

By the 1920s, emphasis had shifted to the development of large hydro-
electric power projects, and as time went by, smaller developments--those
under 25 MW--were more and more ignored. During the 1950s and 1960s, a
.combination of economic factors--the need to replace worn out turbine- )
generator equipment and the availability of inexpensive fossil fuel--made
it appear that a number of smaller hydropower facilities built early in the
century had outlived their usefulness, and many of these were shut down and
disposed of by their owners. Recently, however, the rapidly rising costs
of fossil fuels and the high cost of meeting environmental standards for
new thermal power plants have prompted a new look at hydropower's role in
the national energy picture. And because almost all of the economically
feasible and environmentally acceptable sites for large hydropower projects
have already been developed, this new look at hydropower is focusing on
smaller installations.

2.2 Head

Hydropower has been defined as energy available from falling water--
water that is changing elevation. If the change in elevation is measured,
the measured distance is called "head." Head is usually measured in feet.
For example, if a stream is impounded by a small dam and the upstream pool
behind the dam is 20 feet higher than the stream below the dam, the head of
water at the dam is 20 feet (see Figure 2-1). Likewise, if a road crosses
a stream where the elevation of the water is 6,020 feet above sea level,
and at some distance downstream the road crosses the stream again where the
elevation of the water is 6,000 fee;, the available head between the two
crossings is 20 feet.

Thus, head is vertical change in elevation measured in feet. Feet of
heed is a convenient way of expressing the theoretical energy available for
any given amount of water. The mathematical symbo1 used for head is "h."
Subsection 3.4 of the handbook discusses how to measure head.
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Elevation

Road 6020 ft

Head =
. 6020 ft - 6000 ft = 20 ft

Elevation

6000 ft
Pool-to-pool head is the vertical change in

the elevation of the water. Head in both
examples is 20 feet. The mathematical
symbol for head is (h)

Upper water level

Pool-to-pool
head = 20 ft

Lower water level

INEL 2 2359

Figure 2-1. Head illustrated.




NOTE: You should be aware that two terms are used for head, and that
you must know the difference between these terms when dealing with turbine
manufacturers so that you will convey the proper information for turbine
selection. The head given above, 20 feet, is termed the pool-to-pooi head
(sometimes referred to as the gross head). This is the total hydraulic b
head available to perform work. The turbine manufacturer sizes his turbine
for net effective head (net head). Net head is the pool-to-pool hesad less
hydraulic lcsses from friction, entrance losses, trashrack losses, etc. .
Calculation of these losses is discussed in Subsection 4.5. It is important
that you make it clear to the manufacturer or engineer which head you are
referring to in your discussions or correspondence.

2.3 Flow

To compute theoretical power from a hydropower site, the head and the
volume of water Tlowing in the stream must be known. The gallon is a stan-
dard unit for volume. The cubic foot is another unit of volume that may
not be as familiar. The cubic foot is the standard unit of volume in hydro~
power. One cubic foot of water contains 7.481 gallons (see Figure 2-2).

. 1 cubic foot (f£3) of water = 7,481 gallons (gal)

Flow is the volume of water passing & point in a'given amount of time.
For example, if a pipe has water running into a 1 ft3 container and it
takes 1 minute to fill the container, the "flow" of the water out of the
pipe is 1 cubic foot per minute (see Figure 2-3). The time period for meas-
ured flow can either be a minute or a second. In microhydropower, you may
encounter both units, depending on the literature you read. It is important
to remember that since a minute is 60 times longer than a second, Tlow per

minute is 60 times larger than the same flow per second.

In this handbook, flow is expressed in cubic feet per second. The
mathematical symbol for flow is "Q¥.

[
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Figure 2-2.

Figure 2-3.
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Cubic foot illustrated.

The mathematical symbol for flow
is (Q). Flow is the volume of water

(V) flowing over a given amount of
time (1) :

=V
Q‘t

The container volume is
equal to one cubic foot.
Assume it takes one minute
to fill the container; then
the flow is 1 cubic foot per
minute (cfm)

Q= 1 cubic foot

1 minute =1cpm

INEL 22318

Cubic foot per minute illustrated.




0= (2-1)
where

Q = flow in cubic feet per second (cfs)

v = volume of water in cubic feet (ft3)

t = time of measurement in seconds (sec).

Assuming that the volume of water is 1 cubic foot and the time of mea-
surement is 1 second, the flow, Q, would equal 1 cubic foot per second,
expressed as 1 cfs. Subsection 3.3 of the handbook discusses how to
measure flow in cfs.

2.4 Kilowatt

The basic unit of electrical power used is the kilowatt, abbreviated
as kW. A kilowatt is equal to 1,000 watts (W). For example, ten 100-watt
Tight bulbs burning at the same time would require one kilowatt. If the
1ights were to burn for one hour, the amount of energy used would be one
kilowatt-hour, abbreviated as kWh (see Figure 2-4). The kilowatt~hour is
the standard measurement of energy from which most domestic electric bills
are computed.

The term "microhydropower" is applied to any hydroelectric plant that
generates 100 kW or less. One thousand (1,000) 100-W light bulbs burning
at one time would require 100 kW:

1,000 1ight bulbs x 100 W = 100,000 W

100,000 W = 1,000 = 100 kW.
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Ten 100-W light buibs

= 1000 W

10 bulbs x 100 W

1 KW is defined as 1000 W

if the ten bulbs were lighted for 1 hr,
the energy used by the bulbs would
be 1000 W x 1 hr,or 1 kW x 1 hr,
expressed as 1 kWwn
INEL 2 1255

Figure 2-4. Kilowatt illustrated.

If the lights were to remain on for one hour; the amount of energy used
would equal 100 kWh:

100 kW x 1 hr = 100 kWh.

If the energy costs 50 mills (5¢) for each kWh, then 1,000 Tights burning
for one hour would cost $5.00:

1,000 1ights x 100 W x 1 hr = 100 kW x 1 hr = 100 kWh

100 kWh x $0.05 per kWh = $5.00.

Each additional hour the 1ights remained on would cost anather $5.00.
The average household (not including electric heat) consumes about 1,000 kWh

per month.2 Assuming the same cost of 5¢ per kWh, the monthly electric
bi1l would be approximately $50.00.

a. The Publication, Electrical World Directory of Electric Utilities,
1979-1980, 88th Edition, McGraw-Hill Publishing Co., which gives average
residential consumption for most utilities in the United States, shows that
this average varies widely depending on the utility and lecation. The value
chosen for presentation here (1,000 kWh/month) is approximately midrange.
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In actual practice, a typica]vhome has a peak demand of about 5 kW.
This means that at some time during a typical month there will be a period
during which the household will be consuming power at a rate of 5 kW. A
large group of homes taken together would have an average peak demand of
about 2.5 kW per home, and an average demand of 1.4 kW, The average peak
demand per home is reduced for a group of homes because not all appliances
are in use at the same time, and the more homes, the more the peak is spread
out. This would indicate that a stand-alone 100~-kW plant could actually
- supply the energy needs of 35 to 40 homes, assuming that the annual produc-
tion is 50% of the theoretical maximum from the 100-kW-plant. {(The reason
for fﬁe 50% assumption is explained later in the handbook.) If a 100~kW
hydropower plant is used in place of diesel power units, the plant would
..displace diesel fuel at the rate of 22 gallons per hour (gph), or about
100,000 gallons per year (gpy). 4

If you develop a microhydropower plant that produces more energy than
you consume, you may be able to sell the excess power to the local utility.
For example, if an average of 25 kW is available for utility buyback 40% of
the time during a year and the utility agrees to pay you 50 mills per kWh,
you would receive $4,380 per year in revenue from the utility:

.24 hr/day x 365 days/yr x Dl40 (time available is 40%) = 3,504 hr/yr

3,504 hr/yr x 25 kW = 87;600 kWh/yr |

87,600 kWh/yr x $0.05 = $4,380 annual revenue.

The cost of installing a microhydropower plant typically ranges from
$1,000 to 34,000 per kW of installed capacity. A 30-kW plant might cost

anywhere from $30,000 to $120,000. It is the intent of this handbook tec
help keep installation costs to a minimum.
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2.5 Power Equation

If you plan to develop a microhydropower site, you must become familiar

with the basic power equation:

p - Laboce | (22
| where
P = power in kW
Q = flow in cfs
h = head in feet (pool-to-pool or net effective head, depending
on the efficiency factor selected)
e = efficiency (to be explained)
( 11.81 = conversion constant for power in kW divided by the density

of water.

A more detailed development of the power equation is provided in
Appendix A-1. Equation (2-2) is the standard equation that is used through-
out the remainder of the handbook to calculate power in kW.

Any power-producing system produces less power than is theoretically
; available. The efficiency factor, e, of any given system is the actual
power produced divided by the theoretical power avajlable, expressed as a
percentage:

| e = 5~ x 100 | (2-3)
. th
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where

e = = efficiency of the system in percent

o
|

= actual power produced
Pth = theoretical power available
100 = conversion to percent.

For a microhydropower system, the efficiency may range from 40% to 75%.
The efficiency depends on site conditions, the equipment used, and the
actual installation method.

The mechanical shaft efficiency of the turbine and associated equipment
~.depends on the following:

(] Flow variation effects on the turbine
. Head variation effects on the turbine
s Flow restriction or disturbances at the intake structure-

) Friction losses in the penstock, valves, and other associated
equipment (penstock is pipe that conveys water to the turbine)

o  Turbine losses due to friction and design inefficiencies

s Configuration of draft tube (pipe that carries water away from
turbine).

- If the efficiency is to include the g=nerator output, the fellowing
equipment-related losses also reduce the overall efficiency value:
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. Speed increaser losses due to friction and design inefficiency
. Generator losses due to friction and design inefficiency.

The actual efficiency of a particular installation cannot be
determined until the site is operational and the head and flow are known
for any given pcwer output. Section 4 discusses in more detail how to
estimate friction losses and other variables that affect the overall
efficiency. For the remainder of the discussion in this section and
Section 3, the assumed value for efficiency is 60%. For individual"
developments, 60% can be used for first-cut calculations of power output,
but this value should be refined (up or down) as more is learned about the
particular site. The 60%-efficiency figure can be used with the pool-to-
pool head since it contains the efficiency losses for head that one would
expect to find at a typical site. The 60% efficiency can be used with the
pool-to-pool head as it contains the efficiency losses for head which one
would expect to find at a typical site.

‘If the efficiency is assumed to be 60%, then from Equation (2-2)

0.60

=q7gr X QAxh

o
H

0.051 x Q x h

The equation solves for the power produced (P), which is dependent on the
value of the two variables, flow (Q) and head (h). If we assume that the
flow is 10 cfs and the head is 10 feet, the equation solves for power as
follows:

o
1]

0.051 x 10 x 10

0.051 x 100

5.1 kW
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Now, notice what happens if the flow doubles to 20 cfs:

©
HJ

0.051 x Q x h

0.051 x 20 x 10

10.2 kW .

In other words, doubling the flow doubled the power. Next, see what happens
- if the flow returns to 10 cfs and the head is doubled to 20 feet:

o
n

0.051 x Q xh

0.051 x 10 x 20

10.2 kW .

The same power is produced by doubling either the head or the flow. The
point is that head and flow have an equal effect on the power eguation.
Figure 2-5 shows this relationship. Another difference to note in the fig-
ure is that the higher head option uses smaller equipment.

2.6 Microhydropower Sources

A microhydropower system can be developed from either a natural source
or a manmade structure. Natural sources include a stream without a dam
" (Figure 2-6), a waterfall (Figure 2-7), a spring branch, or even a natural
Take. Manmade sources include any structure used to increase head or pro-
vide a source of water other than a natural source. Examples of manmade
sources are dams (Figure 2-8), cana1.drops (Figure 2-9), and industrial or
domestic wastewater discharge.

2.6.1 Natural Sources (Run-of-the-Stream)

A microhydropower system developed on a natural stream is referred to
as "run-of-the-stream." Figures 2-10 and 2-11 show two such systems with
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Half the head
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Flow = 2Q
2Q = 20 cfs

P=0.051x10x20 \ - P = 0.051 x 20 x 10
P =8.4 kW P = 8.4 kW
Y
W/ e
Tailwater level
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Figure 2-5. Effect of cdoubling either head or flow.
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Figure 2-6. Stream without a dam.

‘ Figure 2-7. Waterfall.
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Figure 2-9.
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Figure 2-10. Run-of-the-stream development.

Powerhouse
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Figure 2-11. Run-of-the-stream development.
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appropriate nomenclature. In a run-of-the-stream development, an intake
structure diverts water from a stream to a penstock. The structure
consists of:

i

L

: ° Stream Diversion Works--The diversion works divert water from

1

; the stream into the intake system.

] » Settling Basin--The settling basin is located near the diversion
works and is used to settle out suspended material before the
water enters the power canal. .

i ] Power Canal--The power canal carries water from the diversion
works and settling basin to the forebay. A canal is useful where
the water can be carried at approximately the same elevation to a
point from which the penstock can be made as steep, straight, and
short as possible,

] Forebay--The forebay is a settling basin designed to settle out

suspended material before the water enters the penstock. Some
(’ type of forebay is required in all run-of-the-stream developments.

. Penstock Intake Structure--The penstock intake structure provides

the transition from the forebay to the penstock. It also provides
the framework for the trashracks and intake gates.

The penstock carries the water from the forebay to the turbine.
Ideally, the penstock should be as steep, straight, and short as possible,
The powerhouse contains the turbine-generator, controls, and associated
equipment, and the tajlrace returns the water to the stream.

. The design head can be adjusted depending on the available flow and
power requirements (Subsection 3.4.1). Therefore, the location of the
intake structure is a function of how much head is needed. At natural
sources that capitalize on the change in elevation of a waterfall, the head

e -
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is set by the elevation of the waterfall, and the design procedures should
be the same as for manmade sources where the head is established by the
characteristics of the site.

‘ Natural sources may have aesthetic value, which should be considered.
“For example, if all the water flow from a waterfall or a stream is to be
used for power production, the waterfall or a portion of the stream will be
. ,aried up.' If onTy a portion of the flow is used, aesthetic and other
environmental effects are minimized.

Natural sources are subject to annual stream variation. For Category 2
developers, power generating potential will vary with the flow.

2.6.2 Manmade Sources

Existing manmade sources can generally be modified to install a micro-
hydropower system without much of an environmental impact. The construction
of a dam for the sole purpose of developing microhydropower systems is gen-
erally economically prohibitive. However, if a dam is being built for other
purposes, a microhydropower system may be a logical and economical addition
to the project. Small dams typically have a relatively small change in
elevation (head), 35 feet or less., With a small head, the-flow has to be
larger to produce a given amount of power, and larger flow means bigger
turbines--and thus more expense than for installations operating with a
larger head to produce the same amount of power. Figure 2-12 shows a possi-
ble installation at an old mill site. Figure 2-13 shows a siphon penstock
that could be used on an existing dam at which there is no way to draw the

“water out of the reservoir.

In certain parts of the country, manmade structures such'as canal drops
provide excellent opportunities for hydropower production. Flow can be
seasonal, but it is generally constant during the months of operation. For
canals where the flow is seasonal, care should be taken to ensure that
enough energy can be produced annually to justify the expense. Figure 2-14
shows such an installation.
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Figure 2-13. Siphon penstock at an existing dam.
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Wastewater discharge from industrial or domestic treatment plants may
have sufficient head and flow to be useful for hydropower. Those associated
with such institutions may want to develop such a source. Private develop-
ers may be able to develop such a source, but the first hurdle is obtaining
permission. Sources of this nature usually offer a steady flow, which helps
to optimize turbine selection and minimize equipment cost. Figure 2-15
“shows such an installation.

2.7 Typical Example Sites

Two site examples are presented in Appendix B. One involves developing
an existing dam, and the other makes use of a natural, run-of-the-stream
source. The specifications for these examples are given below. The devel-
oper is encouraged to determine which example most closely represents the
site to be developed and to follow the details of the example as a guide
for proceeding through the handbook.

2.7.1 Manmade Source

An existing dam is located on a small stream in the rolling hills of
~ New Hampshire. .The developer's site includes an old, retired gristmill.
The mill ané dam produce a 12-1/2-foot drop in the stream elevation.
Upstream from the dam, the pool has filled in with gravel and silt, leaving
it only 3 feet deep. The elevation of the pool is fairly constant, with
“-the crest 6f the dam acting as the spillway. In a 20-foot wide gorge below
the dam, the depth of the stream's normal flow varies from 26 inches in
~April to 8 ‘inches in late August. Occasional spring rains will raise the
“stream to 3-1/2 feet. Twice in the last fifteen years the stream has
flooded above the 5-foot gorge and inundated a lower pasture. During those
floods, the stream was approximately 40 feet and 60 feet wide, respectively,
and the depth of water in the pasture averaged 3 inches and 8 inches

The developer's residence and 75-head dairy operation are located near

the old mill. The residence includes a washer, dryer, refrigerator,
freezer, electric stove, hot water heater, and electric heat. The electric
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Figure 2-15. Installation using wastewater discharge.
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utility's distribution line for the valley is within 300 yards of the mill.
‘The developer hopes to supply his electrical needs and sell any excess power
. to the utility.

2.7.2 Run-of—fhe-Stream Source

- The run-of~the-stream site is located in mountainous terrain in
Washington. The average annual temperature range is from a high of 98°F to

“'a low of ~35°F. The stream flows from a narrow canyon that opens onto a

" high mountain meadow. The developer's property ends at the entrance to the
canyon, which is the beginning of U.S. Forest Service property. A Forest
Service road provides access to the canyon and is used for logging opera-
tions. The road crosses the stream and parallels it for approximately 1/4
mile before ascending into the canyon. According to a U.S. Geological

- Survey (USGS) contour map, the canyon floor rises approximately 440 feet in

a mile.

The stream is fed by snow melt and small springs and contains small
native fish. The size of the stream varies annually from 7 feet wide and
12 inches deep to 4 feet wide and 5 to 6 inches deep. Eight months out of
the year the stream is usually at least 5 feet wide and 10 inches deep. At
the location favorable for a powerhouse, high water markings are observed
app?oximate1y 3 feet above the natural stream bed. At that height, the

width of the stream would approach 25 feet.

_ ‘ Irrigation water rights are held by ranchers below the developer's
‘site. Noncomsumptive water rights will have to be obtained by the
" developer.

The déve]oper's primary objective is to provide power for two family
dwellings that are currently satisfactorily supplied power from a 14-kW
diesel generator. The dwellings each have electric water heaters, refriger-
ators, freezers, and use an electric resistance heater as a backup for wood
heat. The dwellings commonly share a washer and dryer and are supplied
with water by a 3/4 hp, submersible well pump typically energized 10% of
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the time. The developer also has a small shop with a table saw, drill

|
1
i
!

! press, grinding wheel, and other small tools that are used an average of

|
g
¥

3 hours a day.

s
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3. POWER POTENTIAL

This section shows you how to determine the amount of power you need

and how to calculate the amount of power that potentially can be produced

from your site. The needed power is referred to as required capacity, and
the calculated power is referred to as design capacity. The design capac-
ity is a function of head and flow and gives a quick indication of whether
enough power can be produced tc meet’ the developer's needs.

Before proceeding, you should have determined whether you are a
Category 1 or Category 2 developer (Subsection 1.3) and if your hydropower

source is manmade or run-of-the-stream (Subsection 2.6).

3.1 Power Required

In Section 2.0, you have become generally familiar with how electrical
power can be produced from available water. resources. Your next step is to
determine how much power is needed for all of the electrical loads, such as
lights, appliances, heaters, motors, etc., to be served by your development.
The quantity of power that can be produced from a resource is the system
capacity, measured in kilowatts. The quantity of power needed for all of
the electrical loads to be served by your development is the required capac-
ity, also measured in kilowatts. The system capacity must be equal to or
greater than the required capacity, or system load. This subsection will
familiarize you with fundamental power requirements such as typical
household Toads, metering, and nameplate data.

3.1.1 Typical Household Loads

To determine household power load, individual items should be checked
to determine their rated power demand. The power demand can be found on
the nameplate generally attached to the appliicance or item of equipment.
Where nameplates cannot be found, the values given in Table 3-1 can be used
to estimate the power needed.
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TABLE 3-1. TYPICAL HOUSEHOLD APPLIANCE LOADS
Total Energy
Power Average Hours Consumption
Appliance (W) of Use/Month (kWh/month) P
Air cenditioner 800 to 1600 150 120 to 240
Blender 600 6 ?
Car block heater 850 300 300
Clock 2 720 : 1 -
Clothes dryer 4600 19 87
Coffee maker 600 to 900 12 7 to 11
Ejectric blanket 200 80 16
.. ~Fan (kitchen) 250 30 8
“Freezer 350 240 84
~ (chest, 15 ft3)
Furnace fan 300 200 60
Hair dryer (hand-held) 1200 5 6
Hi-fi (tube type) 115 120 14
Hi-fi (solid state) 30 129 4
Iron 1100 12 13
- Bathroom exhaust fan 70 30 2
Light (60 watt) 60 120 7
Light (100 watt) 100 90 9
Light ‘ 48 240 12 y
(fluorescent, 4-ft) )
Mizer 124 8 1
Radio (tube type) 80 120 10
Range 8800 10 100
Refrigerator 300 200 60
' (standard 14 ft3) : '
Refrigerator 360 500 180
(frost free 14 ft3)
Sewing machine 100 10 1
Toaster 1150 4 , 5
- TV (black and white) 255. 120 31
TV (color) 350 120 42
Washing machine 700 12 8
Water heater (40 gal) 4500 87 392 .
Vacuum cleaner 750 10 8
Electric heater winter use
1 kW 1000 150 150 >
1.5 kW 1500 150 225 :

2 kW 2000 150 300




»
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TABLE 3-1. (continued)

Total Energy

Power Average Hours Consumption
Appliance (W) of Use/Month (kWh/month)
Furnace-electric
10 kW 10000 150 1500
15 kW 15000 150 2250
20 kW 20000 150 3000
Shop Equipment
Water Pump (1/2 hp) 460 44 20
Shop Drill (1/4 in. 160 to 250 2 0.3 to 0.5
1/6 hp)
Skill Saw (1 hp) 1000 3 6
Table Saw (1 hp) 1000 4 4
Lathe (1/2 hp) 460 2 1

Electrical appliances are rated in watts (or kilowatts), and electrical
motors are usually rated in horsepower. During the tabulation of the
household power demand, if motors are listed, the horsepower rating must be
converted to kilowatts. Theoretically, to convert horsepower to kilowatts,
the horsepower rating is multipiied by 0.746 (1 hp = 0.746 kW). However,
to allow for the inefficiencies of electric motors and for other factors,
you should use a factor of 1 hp = 1 kW when estimating the power demand for
any motors on the household load list. Also, the starting current of a
motor is typically six times the operating current. In other words, a 1 hp
motor may require 6 kW to get started. This causes a momentary peak demand
that you must account for when determining your system load.

The household appliance requirements listed in Table 3-1 are typical.
The watts listed are approximate, and the average use per month will vary
with climate, home insulation, and the user's personal habits. The first
column 1ists the power each appliance requires when being used. The next
column estimates typical monthly use of the appliances. The third column
1ists the energy consumption for the month and is simply the product of the
first two columns divided by 1000 to convert to kilowatts [(power in watts
+ 1000) x hours per month = kilowatt-hours per month].




Figure 3-1 is a chart to aid in determining daily electrical load
requirements. Determining these requirements is especially important for
Catagory 1 developers, who are interested in sizing their projects to meet
the maximum power demand. Extra copies of the chart are provided in
Appendix I. To use the chart, first 1ist all of your electrical appliances ¢
- and equipment in the left hand column, and enter the rated wattage for each
5tem in the next column  Then, monitor the use of all the items listed for
a 24-hour period. Each time an item is used, enter the use on the chart in -
-iS-minute increments. At the end of each hour, sum each increment and write
"the largest sum of that hour in the totals system at the bottom of the
chart. Estimate night loads for the period when you are normally asleep.
Figure 3-2 is an example of a filled out chart.

Watis Hourly load schedule
Applisnces or equipment {Noon)

1l2]3]lajsis|7Is[olt0]l11f12lsf2]3]4}5!68]7[819110]11]12
e ———

Tota! hourly load In kW (W + 1000)

INEL 22277

Figure 3-1. Daily electrical load chart. .
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Appllances or squipment Watts Hourly '(f;r:o:t):hﬂdule
1 [313fslsfal7lafofrofnefi2f1l2]3]alsleiplalaly 12
Voaker B 390
__D_;_-,Bgr Yoo
| Refriaerater 1= i un Bl Dot Jol S el Ko Rl el e el Bl ol S Sl Rt ool Rl el Sl el
Freezer Sgo — ! - - - - -
Stove (500 uriizatien) 1= T -+
19500 ot o I ot s o — =
Electric heat (S0% cnat o toee) sqel ! e B
Liak‘l’s = Aq-;#‘-.g 200 =
= n'.;kf‘i".-- g
Ragd'n 58
L Macuuwe ¢ leasmer 150 I
Televigiow 350 — - -
Al ine mrachimes 5o
L:qktza 1005
MK heater 3000
1
Total hourly load in KW (W + 1000) Ly ;: ¥ ERE g =" 7 Eé;o‘:" 3 ':/:/_\-3;‘5 NEG

INEL 22411

Figure 3-2. Sample of completed daily electrical load chart.

3.1.2 Metering

If a developer is connected to an electrical uti]ity'system, he can
measure his daily, weekly, and monthly consumption by reading the electric
meter. The electric utility measures the use of electrical power with
meters. In general, each home will have one meter to measure all power
consumption. Several types and styles of meters are used. One common type
is shown in Figure 3-3. The figure shows two readings taken 30 days apart.
The number of kilowatt-hours (kWh) used during the 30-day period is 1,660
(16,250 - 14,590, read from the small circular dials near the top of the
meter). The average power used during the month is determined as follows:
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Kilowatthours

Multiply all readings
by 10

Readings: Date: 6-1
kWh = 1459 x 10 = 14,590
kW =0.4x10=4

Multiply all readings
by 10

Readings: Date: 7-1
kWh = 1625 x 10 = 16,250
kW=08x10=8

INEL 2 2288

Figure 3-3. Electric meter, showing readings taken 30 days apart.
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= m -
Pn = 24 x Dy (3-1)
i where
; Pm = average power for the month in kW
. .
§ Em = total energy used for the month in kWh
? 24 = number hours in a day
DA = number of days in the month or measurement period.

From Figure 3-3:

- _1660
m 24 x 30

p
Q
It

2.3 kW

This is the average demand for the month. It does not represent the
peak demand. The meter shown in Figure 3-3 also ha§ a demand meter which
can be read directly. For example, at the beginning of the month, the
large pointer is at 0.4, indicating that the maximum demand was 4 kW
(0.4 x 10). At the end of the month, the meter shows that at some time
during the month the demand reached 8 kW. The meter will always read the
maximum demand until it is reset by the utility.

The demand meter is used frequently by the utility as an important

¥
indicator. It measures kilowatts and indicates the maximum value of
| kilowatts required during a given time interval, usually 15 minutes. The
. utility usually reads and resets the demand meter for monthly billings.
- A



If your electric meter does not measure demand, you can determine your
maximum demand by reading the meter hourly. This method is not as accurate
as using a demand meter, but it is good enough for estimating purposes. If
electric motors are used, add the starting demand to the hourly reading.

Another method of determining maximum demand is to measure electrical
use with a recording ammeter. This is a device that can plot amperage used
versus time. If you use a recording ammeter, you should monitor e=ach
current-carrying conductor on equal time. This will allow an accurate mea-
surement of the maximum current since each current-carrying conductor is
not loaded equally. The power use in watts can then be determined from
Equation (A6-5) for single-phase power or from Equation (A6-7) for three-
phase power (see Appendix A-6).

o
n

ExI (single-phase) (A6-5)

-
i

1.73 x Ex I (threé-phase) (A6-7)

3.2 Inspection of Potential Hydropower Development

Next, you should conduct a site inspection. Although most will be
familiar with site details, an inspection done with a few key points in
mind may bring to light important issues previously overlooked. You should
review the following outline and make notes on important issues. Also,
before making the site inspection, review Subsection 2.6, Microhydropower
Sources. Identify the type of source that most closely resembles the source
for your site. Study the appropriate figure(s) and become familiar with
the major components of your microhydropower system. Then, with these items
in mind, conduct the inspecticn. After making the inspection, sketch thg
preliminary layout on a sheet of graph paper.

3.2.1 Manmade Sites

While the construction of a new dam for the sole purpose of developing
a microhydropower site is not generally practical economically, there are
Titerally thousands of existing dams, built for a variety of purposes, that
may be attractive to the developer. The water level is often strictly
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controlled, so that a hydropower project at the site could use only the net
inflow into the reservoir. These factors and their effect on your project
should be determined early on. Some dams may be usable for only part of
the year, which would also seriously affecting a project's economics.

The reservoir of many older dams will be partially filled with silt.
Any impoundment with silting behind the dam will obviously have less reser-
voir capacity. The silt level may be a key factor in the dam's structural
stability. Equilibrum of the dam, water, and silt may have been changing
over the years. To remove the silt might upset the balance and cause a dam
failure. Removing the silt also presents environmental problems
because dredging will increase the silt load of the stream, and if the silt
is removed and trucked away, disposal may present a further probliem. Silt

removal can be an expensive way to increase reserve capacity.

When reviewing the use of an existing dam, the following items should
be considered:

. Dam structure
- What is the state of repair?

- How much work and material will be required to make the
structure functional?

- Does the dam have a spiliway, and is it adequate?
- How can the water be directed to the turbine?

- Is the powerhouse part of the existing structure? If so,
how much work is needed to repair it?

~ Can the height of the structure be increased easily? If so,
what will be the effect upstream?
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. Reservoir pool

- What is the depth of the pool at the structure?

- How much annual variation occurs in the pool? Will the
variations change if you install a turbine that discharges
water at a uniform rate?

- How much .debris is carried by the water, both on the surface
and suspended in the water? Will the debris clog an intake
trashrack easily?

L Construction features

- Is the site easily reached for construction?

- Will you have to divert the water? If so, what will be
involved?

- Are there any hazards near the construction site (overhanging
power lines, etc.)?

3.2.2 Run-of-the-Stream Sites

The following items should be considered when evaluating a run-of-thz-
stream site.

. Identify one or two powerhouse locations (most poweriwusss crv

Jocated near the stream that supplies them with water).
- How far will the power be transmitted?
- Can you identify a high water mark?

- Can a vehicle get to the site?
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Would there be any advantage to locating the powerhouse near the
place where the power will be used?

- How much shorter would the transmission distance be?
- Could the penstock be shorter?

- Could a tailrace be constructed easily to carry the water
away from the powerhouse?

Investigate potential penstock routing (the ideal penstock routing
would be as short as possible, as straight as possible, and as
steep as possible while still delivering the required flow and
head).

Will the water rights, soil permeability, etc. allow the use
of a power canal to shorten the penstock?

- If the canal is a possibility, look uphill from the péwer-
house location, identify the steepest slope to which a power
canal can be run, and find several appropriate points on
that slope for such a canal.

- If a power canal cannot be built, locate the penstock intake
near the stream.

- Walk uphill from the powerhouse, identifying several areas
that could be used for a forebay.

- From these locations, what is the straightest or the shortest
routing for the penstock?

Walking along the proposed penstock routing, determine if there

are logical areas where a forebay and penstock intake structure
can be built.
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- Can equipment be driven to the site (backhoe, cement mixer,
or ready-mix truck, etc.)?

- How deep can the forebay be?

- If a power canal is used, can the canal be run level from
the stream to the forebay?

- If the canal is more than 1/2 mile long, can a settling basin
be built near the stream?

° Consider placement of diversion works. -
- Can the diversion works be set at right angles to the stream?
- Can a backhoe be used in the area?
- Who owns the property?

3.3 Determining Available Flow

Available flow is the flow that can be used in a microhydropower system
to generate electricity. The flow available to generate electricity varie:
as the stream flow varies. In the spring, most streams are at their highest
level, and more flow is available to generate electricity; in late suinmer,
on the other hand, most streams are at their lowest level, and i::s fluw -
available to generate electricity. Category 1 developers, who vequive presr
at a constant level year round, should design their systems for the minwun

“available flow of late summer. They do not need the additional power that
could be produced in the spring because of the larger flow avajlable. (-
egory 2 developers, however, who are interested in producing the most er.
for the dollar invested, will use the larger flow available “a lo= zped

3.3.1 Flow Duration Curve

i

To determine available flow, engineers use statistical me v

Ject future stream activity from past stream flow records. Tts
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of such a hydrologic study is a flow duration curve. The curve is plotted
on standard graph paper and shows the stream's average flow pattern. Avail-
abie flow can be determined from this flow pattern. Figure 3-4 is an
example of a flow duration curve. The scale on the left side of the graph
measures flow in cfs, and the scale at the bottom of the graph measures the
percentage of exceedance. For example, the value of flow shown on the curve
above the 50% exceedance mark is 50 cfs, which means that, for this example,
flow will equal or exceed 50 cfs 50% of the time during an average flow
year. In curves of this type, the exceedance values at the bottom of the
graph are always the same, while the flow scale on the left side of the
graph is determined by the range of the flow pattern.

Since Category 1 developers are interested in the lTow-flow period of
the year, the flatter portion near the bottom of the curve is of particular
interest to them., Category 2 developers are normally interested in flows
between 20 to 35% exceedance. The most economical design flow for Cate-
gory 2 developers is usually in the range of 25% exceedance. The design
flow is the available flow selected for use in sizing the microhydropower
system. .

Category 1 developers, who. are interested only in the low-flow pattern
of the stream, may be able to establish a value for available flow without
developing a flow duration curve. To accomplish this, you should be com-
pletely familiar with the stream, especially with what it looks Tike during
low-flow periods. Developers who feel sufficiently familiar with their
streams can turr to Appendix A-2, "Estimating Minimum Stream Flow." Once
again, this method is recommended only for those who have lived with a
stream for a number of years and can accurately estimate the average annual
Tow-flow mark on the stream bank.

The remaining Category 1 developers and all Category 2 developers
should develop a flow duration curve. Developing such a curve may not be
easy for the developer, and the first step may be to seek some assistance.
One possibility is the U. S. Department of Agriculture, Soil Conservation
Service (SCS). The assistance will vary from state to state depending on
other priorities and personnel availability. You are encouraged to visit
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Figure 3-4. Flow duration curve.

the local county office of the SCS to determine what assistance might be

availadle. They may perform the hydr&ogic study and even provide tachn ™

assistarnce with design and construction of intake or impoundment structu: .

Keep in mind which portion of the flow duration curve you are ir. resued
tn. This will help the SCS determine how much assistance they mighi be

2

able to offer.
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3.3.2 Existing Stream Flow Records

| , If you are not able to obtain assistance and have to develop the flow

‘ duration curve yourself, you will have to collect additional information.
First, you should gather information about the existing stream flow records
in the area of the site. The initial step is to contact the U.S. Geological
| Survey (USGS). To locate the nearest USGS office, look in the white pages

| ‘ under U.S. Department of the Interior, Geological Survey, Water Resources

' Division, or write the appropriate regional office:

Northeastern Region Central Region

USGS USGS

National Center, Mail Stop #433 Field Center Location

12201 Sunrise Valley Dr. Mail Stop #406, Box #25046

Reston, VA 22092 Denver Federal Center

Lakewood, CO 80225
. Southeastern Region Western Region

USGS USGS
I Richard B. Russell Federal Bldg. Field Center Location
L. 75 Spring St., S.W., Suite 772 345 Middlefield Road
§ Atlanta, GA 30303 Mail Stop #66
| ( Menlo Park, CA 94025

Present the USGS with the following information:

o  Section number, township, range, county, and state of the
proposed site.

. The name of the stream on which the site will be located, and a
reference to some easily identified landmark. Give the distance

and direction from the landmark to the site.

¥ .  The name of any streams that feed into your stream above the
proposed site.

; [ The name of the stream that your stream drains into, and the
distance from the proposed site.
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. When you contact the USGS, request a "NAWDEX" for the county in which
the site is located and the surrounding counties, and the "duraiiun wonle
from A9-69 procram" for the gage that will most closely correlate to the
flow at your site. Important: The gage must be active (currently operat-
ing) and have daily flow readings year round. There may be a minimum charge
for the printouts. The NAWDEX, or National Water Data Exchange, is a list-
ing of all federal and state and some private stream gages placed in the
counties in gquestion. Table 3-2 is a reduced copy of a NAWDEX printout for
Hillsborough County, New Hampshire and for Stevens County, Washington. The
NAWDEX printout lists the following:

| . The agency that placed the gage
. The station number
® The station name and location
. When the gage started and stopped recording

. Whether the data is interrupted (rather than continuous)

- y = yes
- n = no
? The measurement (complete flow)
- 1 = daily year round
-~ 2 = daily seasonal
- 3 = monthly year round
- 4 = monthly seasonal
F = activity eliminated
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TABLE 3-2. GAGING SITES IN HILLSBOROUGH CO, NH AND STEVENS CO, WA
SW SW
Organization Organization Begin End
Code Station Number Statjon Name and Location Year Year
USCE EMO3 Nubanusit Brook Below Edward MacDowe!!l Dam
USCE EOY Piscataquog River
USCE EO5 Piscataguog River Below Everett Dam
USCE Edward MacDowell Dam NH 1950
USCE Contoocook R AB Hopkinton LK HL3
USEPA PMNOOY RGN 1
USEPA 1-CNT Connecticut River
USEPA 1-MER Merrimack River
USEPA 3~6-NSH Nashua. River
USEPA 330201 Powder Mill| Pond
USEPA 330202 Powder Mill Pond
useea 330203 Powder Mill Pond
USEPA 330501 Gtenn Lake
USEPA 330502 Glenn Lake
USEPA 330601 Kelly Falls Pong
USEPA 8-MER Merrimack P. at Bedford, H. H. !
usGs 01081900 Town Line Brook Tributary near Peterborough, 1971 1979
USGS 01082000 Contoocook River at Petecborough, NH 1938 1979
UsGs 01082500 Fdward MacDowell Reservoir at W. Peterbarough 1950 .
usGs 01083000 Nubanusit Brook Near Peterborough, NH 1920
UsGs 01083500 Contoocook River Near Elmwood, NH 1917 1924
UsSGS 01084000 North Branch Contoocook River Near Anthim, N 1924 1970
usGs 01084500 Beards Brook Near Hillsboro, NH 1945 1976
usGs 01090480 Rays Brook at Manchester, NH 1972 1979

- SW

interrupted Camplete Active
Flow Status

1 Y

N

[3 N

Y

3 Y

£ N

E N

E N

N
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IanteE 3-2. {Continued)
SW SW SW
Grganization Organization Begin End interrupted Compiete Active
Code Station Number Station_ Name and Location Year Year Record Flow Status
15GS 01020500 Merrimack River at Manchester, NH 1924 1950 E N
Uscs 01090700 Fverett Lake Near East Weare, NH 1962 Y
USGS 01090800 Piscataquog River BL Everett Dam, NR E Weare 1963 N 1 Y
USGS 01091000 5 Branch Piscataquog River Near Gufftown, N 1940 1940 N E N
USGS 01091500 Piscataquog River Near Guffstown, NH 1936 1978 Y E N
USGS 01091950 Bowman Brook Tributary Near Bedfore, NIt 1967 1969 N
USGS 01092000 Merrimack R Nr Goffs Falls, Below Manchester 1936 N 1 Y
UsGs 01093500 Messahesic Lake Near Manchester, NH 1941 Y
USGS 01093610 Merrimack River Tributary Near Merrimack, KH 1967 1967 N
USGS n10931800 Stony Brook Tributary Near Temple, NH 1963 N 1 Y
USGS 01093900 Tucker Brook Near Wilton, NH 1964 1973 Y N
UsSGS 01093910 Tucker Drook Near Milford, NH 1964 1572 Y N
UsGSs 01094000 Souhegan River at Merrimack, NH 1909 1909 Y E N
USGSs 01034006 McQuade Bruok Near Bedford, NH 1911 1979 N
USGS 01094008 pabousic Brook at Merrimack, NH 1910 1910 N
UsGsS 01094010 Maticook Brook Near South Merrimack, NH 1964 1972 Y N
USsGS 01094020 Maticook Brpok Near Merrimack, NH 1964 1973 Y N
UsGs 0109L00h0 Chase Brook Near Hudson Center, NH 1964 1972 Y N
USGS 01094050 Chase Brook Near Litchfield, NH 1964 1972 Y N
USGS 01094160 Pennichuck Brook Near Nashua, NH 1967 1969 N
USsSGS 01096502 Nissitissit Brook Near Hollis, NH 1971 1973 N
USGS 01096506 Nashua River Near Hollis, NH 1973 1963 N
usGs 01096507 Nashua River at Nashua, NH 1978 Y
UsGsS Q1096508 Merrimack River at Nashua, N 1974 Y
USsSGS 01096510 Merrimack River Tributary at Hudson Center, 1934 1972 Y N
USGS 01096520 Old Maids Brrok Near Nashua, NH 1964 1972 Y N
USGS 01096530 Musquash Brook Tributary Near Hudson, NM 1964 1972 Y N
USNWS 2-5702-N Nashua NH On Merrimack R 1939 Y Y
USNWS L44386000NEEDED MacDowel ) Dam NH 1979 N Y
USNWS i11y3B9000NEEDED Amoskeag Dam NH 1978 N Y
USNWS 413390000NEEDED Baboosic BK at Merrimack NH 1981 N Y
USNWS 44391000NEEDED Merrimack R at Nashua NH 1979 N Y
USBPA 12409000 Coiville R at Kettle Falls WA 1970 \{
USEPA 540112 WPSS Northport Washington
USEPA 543182 Columnbia R, at Northport WA
USFS 21001212 East Fork Cedar Creek
USFS 21014206 Pierre Creek
USFS 21014304 Piarre Lake
USFS 21016201 Cottonwood Creek
USFS 21016204 North Fork Chewelah Creek
SFS 1017106 lLake Gillette Swim Area
USFSs A21001811 Sitver Creek
USFS 621001299 Meadow Creek
USF5 521001210 Smackout Creek
UsSFs G2igni212 Last Fork CTedar Creek
L] .
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TABLE 3-2. (Continued)
Sw SW SW
Organization Organization Begin End interrupted Complete Active

Code Station Number Station Name and lLocation Year Year Record Fiow Status
USFS 621016105 Addy Creek
USFS 621016201 Cottomwood Creek
usrs 621016202 Sixmile Creek
USFS 621016203 South Fork Chewelah Creek
USFS 621016204 North fFork Chewelah Creek
USFS 621017102 Lake Thomas Campground
USFS 621017103 Gillette Recreation Area
USFS 621017104 take Thomas
USFS 621017106 Lake Gillette
USFS 621017206 Deer Creek
USFSs - 621017207 South Fork Mill Creek
usrs 621017208 Middle Fork Mill Creek
USFS 621017213 North Mili Creek
USGS 12399500 Columbia River at International Boundary 1893 Y 1 Y
USGS 12399510 Columbia R Auxil at Interna Bndry, Wash. 1942 Y
USGS 12399600 Deep Creek Near Northport, Wash. 1972 1976 L] N
USGS 12399000PLANNED FY76 Change Operation OWDC32842 To 1976 1 Y
USGS 12399800 Deep C NR Northport WA 1972 1 Y
usGs 12400000 Sheep Creek NR Velvet Wash 1929 1932 Y 2 N
usGs 12400500 Sheep Creek Near Northport, Wash. 1929 1948 Y 2 N
USGS 12400520 Columbia River at Northport, Wash.
UusGs 12404860 Pierre Lake Near Orient
usGs 12406000 Deer Lake Near Loon Lake, Wash. 1952 1978 N 1
UsGsS 12406500 Look LK NR Looon Lake Wash 1950 N Y
USGS 12407000 Sheep Cr at Loon lLake Wash 1950 1959 Y 2 N
UsGs 12407500 Sheep Creek at Springdale, Wash. 1952 1972 N 2 N
UsSGS 12407520 Deer GCreek Near Valley, Wash. 1959 N 2 Y
usGs 12807530 Jumpoff Joe Lake Near VAlley, Wash. 1961 1975 Y N
USsSGS 12407550 Waitis Lake Near Valley, Wash, 1961 1975 Y N
UsSGS 12807600 Thmason Creek Near Chewelah, Wash. 1953 1973 N
USGS 12407680 Colville R at Chewelah, Wash
UsGs 12407680PLANNED Colville R at Chewelah, Wah
UsGSs 12407700 Chewelah Creek at Chewelah, Wash, 19956 1974 N 2 N
usGs 12408000 Coivilie River at Blue Creek, Wash, 1921 Y 1 Y
UsGs 12408195 Leoc Leke Near Tiger
UsSGs 12408200 Patchen (Bighorn) C Nr Tiger, Wash, 1953 1973 N
USGS 12408205 Heritage Lake Near Tiger
UsGs 12408210 Thomas Lake Near Tiger 1961 1966 N
UsGS 12408214 Giliette Lake Near Tiger
UsGs 12408216 Sherry Lake Near Tiger
USGS 12408300 titeie Pend Oreille River Near Colville, was 1946 1976 N 4 N
UsSGs 12408300PLANNED FY76 Change Operation OwDCO1562 to 1976 1 Y
UsGs 12408400 Narcisse Creek Near Colville, Wash, 1953 1973 N
UsGs 12408410 lLittle Pend Oreille R at Arden, Wash
UsGs 12408420 Haller C Nr Arden Wash 1959 Y 2 Y
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TABLE 3-2. (Continucd})
SHW SW SW
Organization Organization Begin £nd Interrupted Complete Active

Code Station_ Number Station Name and Location Year Year Record Flow Status
U3GS 12408440 white Mud LK Nr Colville WA 1961 1966 N
usGs 12408500 Mill Creek Near Colville, Wash, 19319 N 1 Y
UsSGS 12408700 Mitl Cr at Mouth' NR Colvilie Wash 1959 1965 N 2 N
usGs 12409000 Colvitie River at Kettle Falls, Wash,. 1921 N 1 Y
UsGs 12410600 South Fork Harvey Creek NR Cedonia, Wash, 1953 1973 N
UsGs 12410650 North Fork Harvey Creek NR Cedonia, Wash. 1953 1973 N
usGs 12429800 Mud Creek Near Deet Park, Wash. 1953 1973 N
USsGS 12433100 Chamokane Creek Near Springdale, Wash. 1973 1978 Y £ N
USGS 12433200 Chamokane CR Below falls Near Long Lake, was 1970 1968 N 1 N
UsGs L 1058000NEEDED Grouse C WA 1979 N 1 \4
UsSGs 41059000NEEDED Narcisse Creek WA 1980 N 1 Y
USGS h1060000NEEDED Magce C NR Daisy WA 1980 N 1 Y
UsGS 4106 1000NEEDED Hunters C NR Hunter WA 1980 N 1 Y
USGS B70121117062501
WAQD1 5hA07Q Spokane River at Long Lake
WADO1 5hA089 Spokane R 2 M Below Ninemile Dam
WADO1 S5H4A120 Spokane R at Riverside State PK
WAGO 54A130 Spokane R at Fort Wright Bridge
WADO1 S9A0T0 Colvilie River at Kettle Falls
WADO1 50A110 Colville River Bt Blue Cruek
wWAaD0 ! 59A130 Colville River at Chewelah
WAQOY: GOAQT0 Kettle River Near Barstow
WAQO1 61ACT70 Columbia R at Northport
WAG13 lLittle Falls Power Station 1910 1 Y
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. The current status of the gage

active
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not active.

Remember that the gage selected must be active (Status Category y) and
must have a daily year round flow record (Measurement Category 1).

When you receive the NAWDEX, look for the gage closest to your site on
your stream that has a daily reading and is currently operating. If the
gage belongs to an agency other than USGS, contact that agency, reference
the gage number, and inquire if they have "developed a flow duration curve
or calculated exceedance values from their data." If they have, request a
copy of the information, and have it available for future reference in
Subsections 3.3.3.3 and 3.5.

The second item requested from the USGS is an A9-69 printout. The
A9-69 program is a statistical analysis of the daily flow data. Your
request must specifically ask for the "Duration Analysis." None of the
other information avai1;b1e from A9-69 is needed for the handbook method of
flow projections. Table 3-3 is an example of a duration table. The item
of interest is the last column in the table, "Value Exceeded 'P' Percent of
Time." These values will be used in Subsection 3.3.3.3 to develop a flow
duration curve from the exceedance values.

3.3.3 Stream Flow Correlation

The next step is to correlate stream flow at the selected site to the
flow reading at an existing gage. Two methods of doing this are used. The
first, called "Flow Measurement Correlation," involves measuring flow at
the proposed site, correlating the measured flow to flow data from a nearby
gage, creating a flow duration curve from the gage data, and then modifying
the flow scale of the curve to adjust to the flow measured at the proposed
site. This method is discussed in this subsection.
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The second method, called "Rainfall Runoff Correlation,”" which snould
require less time, involves using a map that shows geographic puinly where
equal amounts of precipitation occur (called an isohyetgraph), determining
the drainage basin area and the runnoff coefficient, creating a flow dura-
tion curve from the known gage data, and correlating this to the calculated

average runoff or stream flow at the site. This method is discussed in
Appendix A-3.

3.3.3.1 Flow Measurement. Most developers do not have flow data for

their site. In fact, many have only a rough estimate of the present flow.
Therefore, since the flow at the proposed site must be measured for the
flow measurement correlation, the next step is to make this measurement.
The measured flow can then be compared with the nearest gaging station that
has exceedance data available and from which current daily flow readings
can be received.

Flow should be measured accurately as close as possible to the pro-
posed intake structure location. For existing dams, the flow can be mea-
sured just downstream or over the spillway. Collect four or more days of
record, representing different flows. To get different flows, the days
should not be consecutive. Disregard days with similar flows and unusually
high-flow days that are a direct result of a local heavy storm in the drain-
age area of the site or of the gage with which the site is being compared
For each day in which measurements are taken, make a minimum of six measure-
ments during the 24-hour period to ensure that average flow for the day is
found. Calculate the average as follows:

4+ 8+ 03+ Q0+ 0

Qavg - 6 ‘ (3-2)

where

Q. = average of measurements made

individual flow measurements

fe]
—
s
o
O
o
It

6 = number of flow measurements.
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TABLE 3-3.

STATION NUMBER 12408500--DURATION TABLE OF DAILY VALUES FOR YEAR ENDING SEPTEMBER 30

Discharge-(CFS)

Mean

Mill Creek Near Colville, Wash.

Class, Value lotal Accum Perct Class Value Total Accum Perct Class Value Total Accum Perct
0 0.0 4] 12784 100.0 12 21.0 630 S8h2 5.7 24 130.0 266 1239 9.6
1 5.0 9 12784 100.0 13 24.0 552 5212 Lo.8 25 150.0 175 973 7.6
2 .7 L3 12775 99.9 1 28.0 435 4600 36.5 26 170.0 231 798 6.2
3 5.4 105 12732 99.6 15 33.0 367 4225 33.0 27 200.0 163 567 4.4
iy 6.3 269 12627 98.8 16 38.0 W21 3858 30.2 28 230.0 11 4oy 3.
5 7.3 3ny 12362 96.7 17 45.0 Jus 3497 26.9 29 270.0 109 263 2.0
6 8.5 692 12017 94.0 18 52.0 320 3089 24.2 30 320.0 76 154 1.2
7 9.9 h21 11325 88.6 19 60.0 355 2769 21.7 31 370.0 86 78 .6
8 11.0 1349 16904 85.3 20 70.0 335 2414 18.9 32 430.0 21 32 .2
9 13.0 1938 955 .7 21 81.0 2173 2079 16.3 33 500.0 10 11

10 16.0 830 7617 59.6 22 95.0 244 1806 1.1 34 580.0 1 1

il 18.0 945 6787 53.1 23 110.0 323 1562 12.2

VALUE EXCEEDED 'P'

V95
V90
V75
V70
V50
V25
V10

8.
9.
13.
4.
19.
50.
130.

COCCOV

PERCENT OF TIME




Three methods of flow measurement are presented below. Select the orne
that best fits the site where flow is to be measured. Each method gathers
raw data that must be converted into cfs. A suggested form for recording
daily cfs flow values is shown in Figure 3-5. Extra copies of the form are
provided in Appendix 1. To ensure a good correlation between the measured
flow and a local gage reading, make a second series of flow measurements a
month or two after the first series.

3.3.3.1.1 Contajner Method--The container method is suitable

when the total flow can be diverted into a container of known size. This
method can be used at small springs or streams, at dams that discharge
through a pipe, and at industrial or domestic water discharges. The
container must be big enough to measure all the flow even during high-flow
periods.

FLOW MEASUREMENT TABLE

Reading Computed Gape flow, Correlation,
Date Time (time or ca:\:‘;r::on fiow, Q4 Qz o,
depth) {cts) {cfs) G2
=
INEL 2 1283

Figure 3-5. Flow measurement table.
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The method is simple. Discharge all the water through a pipe or simi-
lar device into a known volume, and record the time required to fill the
container (Figure 3-6). From the volume and time, flow can be converted to

cfs.

EXAMPLE: Assume that the 55-gallon drum shown in Figure 3-6 is filled
in 1 minute and 14 seconds. Calculate the flow.

From conversion tables:
7.481 gallons (gal) = 1 cubic foot (ft3)

1 minute (min) = 60 seconds (sec)

INEL 2 1268

Figure 3-6. Measuring flow by the container method.

3-25




Volume in ft3:

1 7t3

55 gal x 77081 gal = 7.35 ft3 in the barrel .

Time in seconds:

60 sec

1 min x P + 14 sec = 74 sec .

From Equation (2-3):

Volume

Flow = Time

3
Q=¥=L51 - g9 55,

(NOTE: This flow would require a very large head to produce any
significant power.)

Record this flow on the daily flow table (Figure 3-5).

3.3.3.1.2 Weir Method--A weir is a rectangular notch in a dam
or cimilar structure forming a spillway that functions as a water meter.
Once installed, a simple depth measurement can be accurately converted into
flow. The method is practical for smaller streams where a temporary dam
can be constructed. It can also be used on smaller existing dams where the
water is continuously discharged over the spillway. The weir can be an
integral part of a temporary dam constructed of tongue-and-groove lumber,
or it can be a removable gate type made of metal plate. The downstream
face of the weir must be beveled at least 45 degrees, and the bottom must
be level when installed. The sides should also be beveled and should be at
right angles (90 degrees) to the bottom. If the weir is constructed of
wood, leave a 1/8-inch lip on the upstream face to prevent the wood from
chipping {Figure 3-7).
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width of the opening
(W) is at least 3 times
the depthW = 3xD

Depth of the opening (D)
is at least equal to the
depth of the stream

IO S,

T
' V4
P
E 7/
18 in, —em] |a— 45° bevel
45° bevel cut
! Flow
_______>
Upstream Upstream
face ) face
Tongue and groove Metal plate
Cut away section A-A
INEL 2 1254
Figure 3-7. Weir details.

The type of temporary dam depends on the size of the stream and the
required height of the dam. Suggestions for two dams are offered below:
tongue-and-groove lumber for very small streams (Figure 3-8), and log crib
for small streams (Figure 3-9).

Before building a dam, determine the size of the weir. To do this,

. select a convenient location along the stream to construct the dam. At
* that location, measure the deepest point in the natural stream bed. If the

e ot e




Anchor post —

Large rock
riprap

Yk

\

Tongue and groove

lumber, spiked
Plastic or other
type of water seal

, Upstrearn
fartiw face
= 7] ctmctnsats
T, ,x” T
AT
,‘@ﬁﬂ,- ‘{sz ”
= A
.I’ i
,"‘
’ -
o, "
e -
[ -]
-
7
N 44
3 7
A\ 7 ¢
T
Sandbag or

Note: ,
1 ft minimum drop over weir

Figure 3-8.

Priming planks —
can be omitted if
weir Is temporary

Tongue~and-groove lumber dam,
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For dams less
than 6 ft high
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the bottom of each weir must be at the
same elevation. INEL 2 1263

Figure 3-9. Log crib dams.
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stream is unusually low at the time of meacsurement, estimate the additiona)
depth for average flow. The depth of the weir notch shculd be at Teast
equal to the depth of the stream. The width of the nectch should be at
least three times the depth (Figure 3-7).

The tongue-and-groove dam and weir is constructed of lumber spiked
together. If possible, divert the stream around construction areas. Dig a
trench across the stream perpendicular to the flow. This trench must be
smooth enough so that the bottom piece of Tumber can be leveled. (lay or
earth can be used for Teveling. Drive the downstream priming planks (see
Figure 3-8) 2 to 3 feet deep into the stream bed to 1imit seepage under the
dam. Priming planks are wooden boards, preferably tongue-and-groove, with
one end cut to a point on one edge (Figure 3-10). They are driven into the
soil so that the Tong pointed side is placed next to the previously driven
piank. Then as each successive plank is driven, it is forced snug against
the preceding board.® If the weir is a temporary installation, both
" upstream and downstream priming planks can be omitted.

Drive the timber anchor post into the stream bed until solid resistance
prevents further driving. Shim between the post and the tongue-and-groove
lumber while building the dam to maintain a vertical plumb on the dam.

After the Tumber is in place and the weir notch is smooth, drive the
upstream briming planks and waterproof the upstream face of the dam. Next,
place sandbags or earth fill against the front face. Avoid placing the
fi1l too close to the weir opening. Water turbulence upstream from the
weir face will affect the measurement accuracy. Finally, at least 5 feet
upstream from the weir, drive a post into the stream bed so that the top of
the post is level with the bottom face of the weir. Use a carpenter's Jevel
to assure that the top of the post and the bottom face of the weir are
level. NOTE: The post should be located so that it can be easily reached
from the bank~(Figure 3-11).
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INEL 2 1267
Figure 3-10. Priming plank.

For crib dams, use several logs stacked together like a corncrib--hence
the term "crib dam." A crib dam consists of green Togs or heavier timbers
stacked perpendicular to each other, spaced about 2 or 3 feet apart. Spike
these together where they cross, and fill the spaces in between with rocks
and gravel. Cover the upstream side, especially the base, with earth or
clay to seal the edges. The priming planks should be driven 2 to 3 feet
desp into the soil.

Protect the downstream face of the dam from erosion or undercutting
wherever water will spill over. This is most important during times of
heavy flow! The spillways can be made of concrete, lumber, or simply a
pile of rocks large enougn to withstand the continual flow. Crib dams can
be built with the lower cross-timbers extended out to form a series of
small water cascades downstream. Each cross-timber step should be at least
as wide as it is tall.? Finally, as with the tongue-and-groove dam, drive
a post into the stream bed at least 5 feet above the weir, and make the top
of the post level with the bottom of the weir (Figure 3-11).

. Robin Saunders, Harnessing the Power of Water, Energy Primer, Portola
nstitute.
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Top of post level

N\
% with bottom of weir
(2 ———Height of water

:  above post is equal
to height above weir

Locate post so
it can be reached
from shore

e INEL 2 1269

Figure 3-11. Relationship of weir ard measuring post.

To measure the water depth above the weir, simply place a yard stick
on the post and read the depth to the nearest 1/8 inch. The flow for mea-
sured depth is read directly from Table 3-4. This table lists flow for
each inch of weir width. To convert to total flow, multiply by the width
of the weir(s) in inches. Enter the resulting value in your flow table
(Figure 3-5). ’

EXAMPLE: Assume that the weir is 3 feet wide and that the depth is
measured at 4-3/8 inches.
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TABLE 3-4. FLOW PER INCH GF WEIR WIDTH (cfs)

Inches 0 1/8 1/4 3/8 1/2 5/8 3/4 7/8
0 0 0.003 0.008 0.0015 0.0024 0.0033 0.0044 0.0055
1 0.0067 0.0080 0.0094 0.0108 0.0123 0.0139 0.0155 0.0172
2 0.0190 0.0208 0.0226 0.0245 0.0265 0.0285 0.0306 0.0327
3 0.0348 0.0370 0.0393 0.0415 0.0439 0.0462 0.0487 0.0511
4 0.0536 0.0561 0.0587 0.0613 0.0640 0.0666 0.0694 0.0721
5 0.0749 0.0777 0.0806 0.0835 0.0864 0.0894 0.0924 0.0954
6 0.0985 0.1016 0.1047 0.1078 0.1110 0.1142 0.1175 0.1208
7 0.1241 0.1274 0.1308 0.1342 0.1376 0.1411 0.1446 0.1481
8 0.1516 0.1552 0.1588 0.1624 0.166C 0.1697 0.1734 0.1771
9 0.1809 0.1847 0.1885 0.1923 0.1962 0.2001 0.2040 0.2079
10 0.2119 0.2159 0.2199 0.2239 0.2280 0.2320 0.2361 0.2403
11 0.2444 0.2486 0.2528 0.2570 0.2613 0.2656 0.2699 0.2742
12 0.2785 0.2829 0.2873 0.2917 0.29¢1 0.3006 0.3050 0.3095
13 0.3140 0.318 0.3231 0.3277 0.3323 .0.3370 0.3416 0.3463
14 0.3510 0.3557 0.3604 0.3652 0.3699 0.3747 0.3795 0.3844
15 0.3892 0.3941 0.3990 0.4039 0.4089 0.4138 0.4188 0.4238
16 0.4288 0.4338 0.4389 0.4440 0.4491 0.4547 0.4593 0.4645
17 0.4696 0.4748 0.4800 0.4852 0.4935 0.4958 0.5010 0.5063
18 0.5117 0.5170 0.5224 0.5277 0.5331 0.5385 0.5440 0.5494
19 0.5549 0.5604 0.5659 0.5714 0.5769 0.5825 0.5881 0.5937
20 0.5993 (.6049 0.6105 0.6162 0.6219 0.6276 0.6333 0.6390
21 0.6448 0.6505 0.6563 0.6621 0.6679 0.6738 0.6796 0.6855
22 0.6914 0.6973 0.7032 0.7091 0.7151 0.7210 0.7270 0.7330
23 0.7390 0.7451 0.7511 0.7572 0.7633 0.7694 0.7755 0.7816
24 0.7878 0.7939 0.8001 0.8063 0.8125 0.8187 0.8250 0.8312
25 0.8375 0.8438 0.8501 0.8564 0.8628 0.8691 0.8755 0.8819
26 0.8882 0.8947 0.9011 0.9075 0.9140 0.9205 0.9270 0.9335
27 0.9400 0.9465 0.9531 0.9596 0.9662 0.9728 0.9792 0.9860
28 0.9927 0.9993 1.006 1.013 1.019 1.026 1.033 1.040
29 1.046 1.053 1.060 1.067 1.074 1.080 1.087 1.094
30 1.101 1.108 1.115 1.122 1.129 1,136 1.142 1.149
31 1,156 1.163 1.170 1.178 1.184 1.192 1.199 1.206
32 1.213  1.220 1.227 1.234 1.241 1.248 1.256 1.263
33 1.270  1.277 1.285 1.292 1.299 1.306 1.314 1.321
34 1.328  1.336 1.343 1.356 1,358 1.365 1.372 1.378
35 1.387 1.395 1.402 1.410 1.417 1.425 1.432 1.440

3-33




From Table 3-4, the flow per inch of weir width is found to be
0.0613 cfs. Since the weir is 36 inches wide, the total flow is
therefore:

36 x 0.0613 = 2.21 cfs

3.3.3.1.3 Float Method--The float method is recommended for
larger streams where a temporary dam is not practical. The method is not
as accurate as the previous two, but for large amounts of water, precise
measurements are not as critical.

Equation (2—1)-expressed flow as volume divided by time:

O
]
ot <<

The float method uses another definition for flow: Flow is equal to the
area of a cross-section of the flowing water multiplied by the velocity of
the fiowing water-~that is, the speed with which that cross-sectional area
is moving (Figure 3-12). This subsection discusses how to determine area
and velocity for this calculation.

Q.= Axv (3-3)
where

Q = flow in cfs

A = area in square feet (ftz)

v = velocity in feet per second (fps)
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NOTE: Both Equation (2-1) and Equation (3-3) express flow in cfs.

To use the float method, you must determine two guantities:

) The average cross—sectional area of the stream

] The velocity at which the stream is moving.

To determine the average area, choose a length of stream at least
30 feet Tong (the longer the better) that is fairly straight, with sides
approximately parallel. The stream should have a relatively smooth and
unobstructed bottom. If there are large rocks in the bed or if the stream
flow is irregular, you will have to apply an appropriate correction factor
to the velocity.

Wire perpendicular
{o steam flow

INEL 2 1264

Figure 3-12. Float method for estimating flow.

To start, stake out a point at each end of the chosen length of stream
and drive a post on each side of the bank at thkese points. Connect a wire
or rope between the posts crossing the stream (Figure 3-12). Use a car-
penter's Tine level to level the taut wire. Measure the width of the stream
at each crossing. Divide the width into convenient equal segments (1 to

(\; 2 feet each). Cross the stream, tying a marker (string or ribbon) on the
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wire or rope to mark each equal segment. With a yard stick, measuring rod,
or similar device, measure the depth of water at each marker. (It is
usually easier to measure the distance from the stream bottom to the wire
and then subtract the distance from the wire to the top of the stream.)
Add up all the readings and multiply by the segment width.

0= (dl +'d2 + d3 + ... dn) (3-4) .
where

D = sum of the depths measured.

d = measured depth of the stream at each marker in inches

n = number of markers

EXAMPLE: Assume that the stream is 20 feet wide and that wires have
been stretched across the stream in two places 45 feet apart. Find
« the sum of the depths measured.

First, divide each wire across the stream into 2-foot
segments. Since 2 divides into 20 feet 10 times, use

9 markers to identify the segments, marking the first
segment 2 feet from the shore and continuing across in
2-foot intervals. The last segment marker should be

2 from the opposite bank. Next, measure the depth of
the stream at each marker, and add up all the depths
measured.

D=d, +d, +d, + ... d

1 9 3 = 168 in.

9

Now, determine the cross-sectional area of the stream. To do this,
multiply the sum of the depths measured (D) by the width of the individual

segments (W) and divide by 144 to convert from square inches to square feet. <
_WxD ) -
A= "1z (3-5)
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where

A = cross=-sectional area in ftz
W = width of individual segments in inches
D = sum of the depths measured in inches
144 = the number of square inches (inz) in a ft2
EXAMPLE:
A= 26 in, x 2810
A= 28 ft?

Repeat the process at the other crossing, add the two areas together,
ang divide by two to obtain an average cross-sectional area for the
selected length of stream.

T R | | (3-6)
where
A = average cross-sectional area in ft2
A1 = cross-sectional area at the first crossing in ftz
A2 = cross-sectional area at the second crossing in ft2
2 = number of areas added together
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EXAMPLE: From the example above, A1 = 28 ftz; assume that

_ 2
A, = 3.5 ft
\ o 28 Ft2 + 34.5 ft2
= 7
A= 31.2 ftl -

Next you must determine the velocity of the stream flow. Make a float
of Tight wood, or use a bottle that is weighted to ride like a piece of
wdod (Figure 3-10). A small flag can be put on the float so that its
progress can be followed easily. Now set the float adrift upstream from
the first wire. Time its progress down the stream with a stopwatch,
beginning just when the float passes the first wire and stopping just as it
passes the second wire. Repeat the measurement at least six times at
various locations across the stream to obtain an average time. Perform
this measurement on a calm day since wind will cause errors in your

measurements.
ottt - ,
where

T = average time in seconds

t = recorded time for each drift in seconds

number of drifts

b=
1}

Since the water does not flow as fast on the bottom as it dees on the
surface, you must apply a correction factor (c) to the average time. For a
straight stream with a smooth bottom, use 0.8. For a stream with large
rocks on the bottom, use 0.6. ®
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(3-8)

where

-
1]

corrected time in seconds

T = uncorrected average time in seconds

(3]
"

correction facter (no.units)

EXAMPLE: Assume that the two wire crossings are 45 feet apart and
that the bottom is smooth and uniform. Find the stream velocity by
timing six drifts.

Measured drift times:

t; =23, t, =26, t; =22, t, = 25, t

3 g =23, and t¢ = 25

6

From Equation (3-7):

(
- +_ 23+ 26+ 22+ 25+ 23+ 25
G
- 144
T=7%
T = 24 sec

Assume that ¢ = 0.8 (for smooth bottom). From Equation (3-8):

_ 24
Tc - 0.8
-
Tc = 30 sec

Velocity is distance divided by time:
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c
where
v = velocity in fps
L = distance between wires in feet
TC = corrected time in seconds

From Equation (3-9) (continuing the example):

_ 45 ft
30 sec

1.5 fps

<
"

Both quantities needed to compute flow are now known and can be
substituted into Equation (3-3), Q = A x v.

EXAMPLE: A = 31.2 ft and v = 1.5 fps; find Q.
Q=Axv
Q=31.2 ft2 x 1.5 fps
Q = 46.8 cfs

The ficat method is easier to set up than the weir method, but it is
more difficult to make daily readings. Each time the depth of the stream
changes, you must determine a new area and velocity. If the stream is used
by others, it is not advisable to leave the wires or ropes across the
stream. They should be taken down after each reading.
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One suggestion that might simplify repeat measurements is to place a
yardstick on a post and drive the post into the stream bed so that the
yardstick can be read. Each time the measurements are made and the flow
determined, record the depth on the yardstick. Then every time that depth
appears on the yardstick, the flow is tne same as previously determined,
and since different flows are needed for ccrrelation, another day should be
selected tc make further measurements.

In summary, select the best measurement method for the stieam, locate
the measurement station near the proposed location for the intake
structure, and begin taking measuremants.

3.3.3.2 Flow Computations. You should now have several days of flow
measurement recorded. The next step is to determine from” the gage
previously identified as closest to your site the flow readings for the
days on which your flow measurements were made. Record the gage readings
in the appropriate column (Qz) of the flow table (Figure 3-5), and
compute the correlation by dividing the gage reading into the measured. fiow.

Q .
c=qt (3-10)
Q,
where
c = corre]ation number
Q1 = measured daily flow in cfs
Qz = gage daily flow in cfs

If a good flow pattern relation exists between the site and the gage, the
correlation value will be approximately the same for each day of
measurement.

EXAMPLE: Assume that four measurements were made at the site and the
flow was computed. Also assume that the gage readings have been
received and recorded.
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Computed Flow, Q Gauge Flow, Q, Correlation

(cfs) (cfs) /%
26.7 50.3 . 0.53
30.3 59.6 0.51
33.7 68.9 0.49
31.2 65.3 0.48

The variation in the correlation ranges from 0.53 to 0.48, or
0.05 variation. Since the variation is small, the correlation is
good.

If the variation becomes greater than 0.15, the correlation between
the site and the gage may rot be sufficient to use the gage exceedance
value to project stream flow at the site. A developer who cannot obtain a
good correlation should use the procedure given in Appendix A-4, "Stream
Flow Projections Where a Gage Corralation Does Not Exist."

3.3.3.3 Exceedance Value i‘low Duration Curve. An example of a flow

duration curve was presented in Figure 3~4. The curve was plotted from
exceedance values obtained from the A9-69 printbut (Taule 3-3). The
printout 1ists flow values for seven exceedance percentages (95, 90, 75,
70, 50, 25, and 10%). The 95% flow value means that that flow will be met
or exceeded 35% of the time. The 70% flow will be met or exceeded 70% of
the time, etc. If other than USGS exceedance values are used, the seven
exceedance percentages may be different, but they can be used to develop a
flow duration curve as easily as the USGS values.

The next step is to construct the flow duration curve. Figure 3-13

shows a reduced copy of standard 8-~1/2 x 11 inch graph paper with 20 grid
markings per inch. Paper with 10 divisions per inch could just as easily
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Figure 3-13. Form used for exceedance valve flow duration curve.
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be used. The paper can be obtained at most office supply stores. Two

coordinates are shown on the figure. The vertical coordinate is for the

flow scales, and the horizontal is for the exceedance percentage. The M
seven USGS exceedance values are indicated below the horizontal axis. ‘ »

The vertical axis is not scaled because the tv. scales that will be
shown depend on the amount of flow to be plotted. The easiest method to -
. determine the vertical scales is as follows. First, make the axis 6 to
8 inches long and divide it into convenient increments. For example, assume
that the USGS 10% exceedance flow is 390 cfs. Make the axis 8 inches long,
and find the next larger number above 390 into which 8 will divide evenly.
Eight will divide into 400 fifty times. Therefore, make the increments
50 cfs per inch. Figure 3~14 is a flow duration curve for the exceedance
values given in Table 3-3. Since in this example the 10% exceedance flow
is 130 cfs, the vertical axis was made 7 inches long and a 20 c¢fs per inch
increment was selected. Look at Table 3-3 for 95% exceedance; the flow is
8.1 cfs. To plot the first point, place one straightedge on the graph so
that it passes vertically through the 95% mark, and another so that it
passes horizontally through the 8.1 cfs flow level; mark the point where
the two straightedges cross. You can use a draftsman's right triangle for )
this purpose. Repeat this procedure until the other six points are plotted.
Connect the points together to form a curve. A drafting tool called a
french curve will aid in drawing a smooth curve, but its use is not
necessary. You can probably obtain satisfactory results by connecting each
point with a straight line. The flow duration curve for the gage
exceedance is now plotted.

Next, the scale for the site flow needs to be developed. Refer back
to the previous subsection in which the correlation values were computed
[Tast column of the flow table (Figure 3-5)]. Find the average correlation
value by adding the numbers together and dividing by the number of readings. .

C1+C2+C3+...C

C= - n (3-11)
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Figure 3-14. Flow duration curve for exceedance values in Table 3-3
(site flow scale missing).

3-45




where

C = average correlation
c = daily correlation value
n = total number of correlations

For the Mill Creek example (Table 3-3, Figure 3-14), assume the

¢ = 0.70, c, = 0.65, ¢, = 0.72, and

following correlation values: 3

Cy = 0.74.

From Equation (3-11):

~_0.70 + 0.65 + 0.72 + 0.74 _ 2.81
L e ] T 7g

C=20.70

To find the site flow scale, multiply the gage scale by C. Thus,
10 cfs gage x 0.70 = 7 cfs site, 20 cfs gage x 0.70 = 14 cfs site, etc.
Figure 3-15 shows the flow duration curve with the completed site flow '
scate. From the site flow scale, the minimum stream flow is around
5.7 cfs, and the 25% exceedance is 35.1 cfs.

Take another set of flow measurements a month or two after the first
and check for correlation again. If the average correlation value is close
to the first value, then the correlation is good and the curve
(Figure 3-15) can be used for design. If the average correlation is not
reasonably close (more than 0.15 difference), refer to Appendix A-4,
"Stream Flow Projections Where a Gage Correlation Does Not Exist."
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3.4 Head and Distance Measurements

Before physically measuring head and distance, run-of-the-stream
developers should proceed to Subsection 3.5.1, "Power Requirements and
Minimum Flow Known; Calculate Head" to determine how much head is needed.
After the head calculation, return to this section for the measurements.

Pool-to-pool head is the change in elevation measured in feet of
vertical fall. If a power canal is used, the poci-to-pool head is only the
change in vertical elevation from the water surface at the penstock intake
to the tajlwater surface elevation at the turbine. The change in elevation
for the power canal does not count, since the canal is not under pressure.
Head and flow are the two quantities used to compute power (Equation 2-2).

Some developers may want to hire a professional surveyor, who will use
a survey level, rod, and steel chain, or even more sophisticated equipment,
to measure head and distance. For the developer who wishes to do the work
himself, this subsection gives suggestions on surveying.

If you have followed the instructions in Subsection 3.2, you have
already made a preliminary site inspection, and run-of-the-stream
developers have selected a penstock routing. You should also have
determined the amount of head you require, or the amount available from the
site. You are now ready to measure head and distance, starting from the
proposed powerhouse location. After measuring pool-to-pool head and
distance, make a sketch of the site showing the route and the distance.

3.4.1 Head Measurements

If the proposed powerhouse and penstock intake are near the stream,
you can use the pressure method described immediately below to measure
head. If they are not, you will have to use other survey methods.

3.4.1.1 Pressure Method for Measuring Pool-to-Pool Head at
Run-of-the-Stream Sites. Head is measured in feet and represents pressure
resulting from the weight of the water.
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Weight of water = 62.4 pounds per cubic foot (1b/ft”)
1 square foot = 144 square inches

Therefore:

62.4 1b/ft>

144 in?/ft2

= 0.433 psi/ft of head

1 foot of head = 0.433 pounds per square inch (psi)

The pressure method uses this relationship to measure head. A
pressure gage, which can be purchased for $10 to $20, is connected to the
bottom end of a pipe or hose, and the static pressure in the pipe or hose
is read on the gage. Static pressure means that the water is not flowing

" in the hose at the time of measurement.

This unique adaptation of the pressure-head principle is perhaps the
simplest method for measuring head in a stream that changes eTevation '
fairly rapidly. The only equipment required is a hose and a pressure
gage. The gage should range from 0 to 10 psi if the head measurement will
not exceed 20 feet for any single measurement. The gage should be accurate
to at least the nearest 1/4 psi (0.1 psi accuracy preferred).

Starting with the lower end of the hose at the proposed powerhouse:
tailrace location and working upstream toward the proposed intake locaticn,
place the hose along or in the stream, submerge and anchor the upstream end
of the hose, and allow water to flow through the hose until all air is
removed and the water flows freely (Figure 3-16). Connect the pressure
gage to the lower end of the hose and record the pressure. The upstream
end of the hose should not be-pointed directly into the stream flow but
should be at a 90-degree or greater angle to the flow. If it is pointed
directly into the flow, the pressure gage, because of the velocity of the
water, will give a reading slightly higher than the static pressure. While
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Figure 3-16. Pressure gage measurement of head for run-of-the-stream sites.

this error will not be great for a single reading, the cumulative effect of
a large number of readings taken at the site will be an erroneous head mea-
surement. Mark the location of the upper end of the hose so that the lower
end can be placed there for the next reading. Continue the process until
the length of stream in question is measured. Note: When making the last
reading, coil the excess hose somewhere upstream from the gage; it won't
affect the reading as long as all the air is removed. After taking the
readings, add all the pressures and divide by 0.433.

(a2
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R : (3-12)
_where

h = poo1fto-poo1 head in feet

P = individual pressure measurement

n = number of measurements

0.433 = pressure per foot of head in psi

EXAMPLE: Assume that four readings were taken--P1 = 5.6 psi,
P2 = 4.8 psi, P3 = 6.1 psi, and P4 = 5.9 psi. Find the head.

b2 5.6+48+6.1+5.9 224 psi
0.433 0.433

o
1}

52 ft

NOTE: The hose(s) should be at least 100 feet or longer so that
pressure readings are greater than 1 or 2 psi. Also, the fewer the
readings, the smaller the error.

Compare the measured head with the required head, and adjust the
location of the proposed intake point as needed to obtain 5 to 10% greater
pool-to-pool head to allow for system losses.

3.4.1.2 Level Survey to Measure Head at Run-of-the-Stream Sites,
Canal Drops, and Industrial Discharge Sites. If a power canal is going to
be used, a level survey method will have to be used to measure the change

in elevation from the powerhouse to the penstock intake. Although the
level surveying procedure is independent of .the equipment used to make the

survey, the various types of equipment will be discussed first, and then
the procedure.
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The bast equipment for making such a survey is a survey level
(Figure 3-17) and rod designed specifically for surveying. With a few
minutes cof instruction, you can easily set up and level the level. A
construction rental business should have such equipment available. Other
possible sources of equipment are building contractors or the state highway

depariment.

J

Carpenter's
line level

Bs e FS

[-J—A-LJ-.I—I-L-I-I-—I-I-J—L-I-

Surveyor's
level and tripod

Hand level Carpenter’s level

on flat table
INEL 2 1265

Figure 3-17. Types of level.
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The surveyor's hand level is the next-best alternative. The hand
level works on the same principle as the survey level, except that the
person holding the level becomes the tripod. The person holding the level

_should stand facing at a right angle to the survey 1ine (Figure 3-17) and

should look over one shoulder to the back sight (BS) and the other shoulder
to the front sight (FS) without moving the feet when shifting from one
sight to the ather.

A third type of level is a carpenter's level placed on a tabie or
similar device. To take a reading, sight across the top of the Tevel
(Figure 3-17).

The rod is a straight, rectangular pole on which a measurement scale
is placed. A regular survey rod is divided into feet and hundredths of a
foot. A tape measure or three yard sticks placed on a 10-foot 2 x 4 or
2 x 2 will work. The person holding the rod can assist the reading of the
rod by using a pointer that moves up and down the scale until the correct
number is pointed to. To make sure that the rod is held vertically, hold
the rod facing the Tevel and slowly rock the rod back and forth toward the
level until the minimum measurement is read.

The locaticns for the powerhouse and the penstock intake structure
were preliminarily determined in Subsection 3.2. Use the same locations
for the initial level survey. Place the measuring rod on a rock or simi]a%
solid object at the waterline at the powerhouse location. Place the level
in the Tine of sight between the rod and the intake location. Level the
Tevel and read the height off the rod (Figure 3-18). The first reading to
be taken is the height of the level above the stream. Record the reading
and note it as BS (back sight). The person with the rod now proceeds uphill
past the level and places the rod on a solid rock (or something similar)
called the turning point. The rod should be faced downhill toward the
level. The person with the level sights uphill toward the rod. Make sure
that the level is still level before reading the rod. After checking, read
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Figure 3-18." Level survey method of head measurement.

the height on the rod and record the reading as FS (front sight). Subtract
the FS reading from the BS reading and record the difference. Now, move
the level uphill past the rod and along the path previously chosen. After
the level is set up and leveled again, sight downhill toward the rod, which
has been turned around to face the level. Read the height and record the
reading as a BS. Continue in this manner, alternately moving the rod and
level up the hill. After each FS measurement, subtract the FS measurement
from the preceding BS measurement and add the results to the previously
recorded differences. For run-of-the-stream sites, continue measuring
elevation until the required head is reached.
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3.4.1.3 Survey Methods for Manmade Dams with Low Head. Dam sites

may have the problem of a fluctuating head. A method should be developed
to measure head when measuring flow. You can use the pressure method
described in Subsection 3.4.1.1 if a pipe penetrates the dam and a biind
flange with a gage can be placed on the pipe. Otherwise, use the level
survey method described in Subsection 3.4.1.2 to establish an initial head.

Figure 3~19 shows a method for daily head measurements.

How to use the data being gathered depends on the fluctuation pattern.
If the head fluctuation is seasonal, the average flow and head will have to
be computed for the season instead of annually. In such situations, low
flow usually corresponds to low head. Head at high flow should also be
considered, since high flow may increase the tailwater elevation, thus
reducing the head. You should pay particular attention to the low- and
high-flow seasons to determine how much power (if any) can be produced
during those periods.

Initial survey establishes
base head level
Level sight line A - B = base head

- / Base water level

3 ‘\\\VVaterlevel?f?3~

Marker post
driven into
. reservoir bed

i

~ - INEL 2 1272

Figure 3-19. Method for daily head measurements at dai. site.
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If the head fluctuation is erratic, which is typical of small
impoundment structures, you can use the average head for the rough first
cut at calculating power. Once you have selected a flow for the
preliminary design, you should estimate the effect of that flow on the
reservoir drawdown. If your turbine uses less flow than is normally
discharged, the effect is minimal. However, if the turbine uses more than
the normal flow, the drawdown will be faster, and if the turbine's flow
requirement is high enough, it may have to cycle on and off to prevent
total drawdown.

3.4.2 Distance Measurement for Run-of-the-Stream Site

For run-of-the-stream sites, the distance from the intake structure to
the powerhouse must be known to determine the length and size of the
penstock and estimate the cost. As mentioned in Subsection 3.2, it is a
good idea initially to lay out the system on a USGS contour map. Once the
Tocations for the intake power canal, penstock intake, and powerhouse are
proposed, select the shortest unobstructed distance between these
Tocations. Remove brush and similar material, stake the proposed
locations, and measure the distance along the 1ine staked. A 100-foot
steel tape is preferred so that the tape can be pulled tight {5 to 10 pound
pull) for each measurement. Start at one Tocation and measure to the
other, recording each measurement. A common mistake in distance
measurement is forgetting to record a measurement. One way to keep this
from happening is to have both persons record each measurement and to make
sure that the correct number is recorded before moving to make the next
" measurement. The total distance between the points is the sum of all the
measurements.

3.5 Determining Design Capacity, Head, and Flow for

Category 1 Developers

+h2 information in this subsection is for Category 1 developers, those
who want to be energy independent. The hydropower system will only be
designed to supply the power needs of the developer. Category 2 developers
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are referred to Subsection 3.6, "Determining Design Capacity, Head, and
Flow for Category 2 Developers."

If you are a run-of-the-stream developer, you should already have
determined your power requirements and the minimum stream flow and, for
manmade sources, measured the available pool-to-pool head. In this
subsection, you will use the power requirements and minimum stream flow to
determine the design head for your project.

The basic power equation [Equation (2-2)] will be used for all

calculations.
P = Lilet? (2-2)
where

P = power in kW

Q = flow in cfs

h = head in feet

e = efficiency (assumed to be 60%)

11.81 = constant of conversion

To calculate design head, the equation is rewritten to soive for head. If
the value of e is 60%, the design nead calculated will be the pool-to-pool
head of your site since this value of e includes penstock losses.

R (3-13)
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To calculate flow if head and power are known, the equation is rewritten to
solve for flow:

_ 11.81 x P -
Q= ~Fxe - . : (3-14)

The flow value used for the first series of calculations should be the
minimum flow. On most flow duration curves, the 95% exceedance site flow
can be used for the minimum flow value. Be sure to use site flow, not gage
flow. If the minimum flow will not produce the power required, or if it
requires too large a head to produce the required power, you can estimate
the relative economic benefit of the system from other sections of this
book and determine from that whether or not to proceed with the
development. There are four different calculations to use, depending on
what is known and what needs to be computed.

0 Power requirements and minimum flow are known; calculate head.
) Head and flow are known; calculate design capacity.
0 Head and power requirements are known; calculate minimum flow.
0 Head and flow vary; calculate design capacity.

Select the appropriate calculation, and follow the procedure given below.

3.5.1 Power Requirements and Minimum Flow Known; Calculate Head

From Equation (3-13), compute head. Use the previously determined
values for power requirement (P) and minimum flow (Q). Determine if the
calculated head is reasonable from the standpoint of physical installation
and length of penstock (Subsection 3.2). If the head is reasonable, go to
Subsection 3.4 to measure head and stake out the intake system. Then use
the flow and head as design points, and proceed to Section 4 to select

equipment.




If the calculated head is too large for the site, go to Subsection 3.4
and measure the maximum reasonabie head. After the maximum head is
determined, go to Subsection 3.5.3 and calculate flow for the site with a
fixed head and a known power requirement.

3.5.2 Head Fixed and Flow Known:; Calculate Design Capacity

In Subsection 3.1, you determined how much power was reguired to meet
your needs. When head and flow are used to compute power, the power is
called design capacity. Equation 72-2) is used to compute design capacity
for a given head and flow.

Compare the rated capacity with the power required. If the rated capacity
is greater than the required power, you can use Equation (3-14) to compute
a lower design flow, using the power required as the design capacity.

_11.81 x P
Q= Fxe

. The power value used in Equation (3-14) should be the power required
for your development. The head is still fixed. The design points are now
defined for power, head, and flow. Proceed to Section 4.0 to select
equipment.

If the calculated design capacity is less than the estimated power
required, then the site will not produce all the energy needed year round.
Use the power required as the value for the design capacity, P, and go to
Subsection 3.5.3 to compute minimum flow requirements and determine what
percentage of the year the required power will be available.
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3.5.3 Head and Power Requirements are Known; Calculate Minimum Flow and

Percentage Exceedance

Use Equation (3-14) to compute minimum flow. -
Q= 11.81 x P
hxe -

.

Once flow is determined, refer back to the flow duration curve and
locate the flow value on the vertical axis for site flow. If you used the
method in Appendix A-2 to estimate minimum stream flow, you should return
to Subsection 3.3 to create a flow duration curve.

When you have located the flow value on the vertical axis of the flow
duration curve, draw a horizontal line to the right to intersect the
curve. Where the Tine intersects the curve, draw a vertical line down to
the percentage exceedance scale (horizontal axis). Read the percentage
exceedance value where the vertical line intersects the axis. The
percentage exceedance means that the system has the potential to supply the
required power that percentage of the year.

EXAMPLE: Assume that the maximum practical head at the site is 30 feet
and that the required power is 12 kW. Use Figure 3-15 as the flow

duration curve. Find the minimum flow and the percentage exceedance.

Using Equation (3-14):

- 11.81 x P
h x e

Q

q = 1181 x 12
30 x (0.60)

Q=7.9cfs . b
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Assume that.a minimum stream flow requirement of 3 cfs has been
established by the state to sustain fish habitat. Therefore, the
minimum design flow in the stream would be:

7.9 cfs + 3.0 cfs = 10.9 cfs
Round to 11 cfs.

On the flow duration curve, Figure 3-15, estimate the location of
11 cfs on the site flow scale, draw a horizontal line to
intersect the curve, and then draw a vertical line to intersect
the flow exceedance scale. The vertical line should be at €0% on
the flow exceedance scale. Thus, the required power will be
produced 60% of the year.

Turbines will continue to generate some power at flow ranges as low as
35% to 55% of the éesign flow. The amount of power for the percentage of
design flow depends on the turbine-generator unit. Units will always work
most efficiently at design flow and capacity. Developers in this situation
should consult with various manufacturers to determine how much power can
be produced in the lower flow ranges.

3.5.4 dead and Flow Vary; Calculate Design Capacity

For sites where both head and flow vary, determining the size of the
turbine and the average power potential becomes the most difficult. You
should construct a flow duration curve if you have not already done so.

Head fluctuation can be either seasonal, corresponding to average
flow, or erratic, controlled by sources other than average flow.

If head becomes too small (less than 5 to 10 feet, depending on the

turbine type), no power can be generated. Any period of time with less
than minimum head cannot be considered for power generation.
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3.5.4.1 Seasonal Head Fluctuation. With seasonal head fluctuation,

the head should be related to flow. From the flow duration curve, mark off
average head for seasonal flows. Follow the procedure in Subsection 3.5.2
to calculate design capacity for each season. You will have to measure
head and flow several times each season to ensure that the relationship
between head and flow is known. Using the head and flow relationships,
determine the point where the design capacity most closely eauals the power “
required. At that point, determine what portion of the year power

production can be expected (Subsection 3.5.3). |

If the design capacity is more than the power required, even at low
head and flow, go to Subsection 3.5.3 to calculate design flow, and then

proceed to Section 4.0 to select equipment.

3.5.4.2 Erratic Head Fluctuation. Erratic head fluctuation can have

a number of causes, including a reservoir that is too small, discharge that
is too large for the size of the reservoir, or control of the flow by other
interests such as irrigation, etc.

The procedufe for calculating rated power depends on how much the head

\-‘/l

fluctuates and how often. The first step is to calculate design power for
the smallest head and lowest flow. If the design capacity is near the
power required, use the head and flow as preliminary design points and "
proceed to Section 4.0. If the design capacity is considerably less than
the power required, continue to increase the value for head and flow as
they increase for the site until the design capacity equals the required
power. At that point, determine how much of the year power would be
available and decide if the project is warth while.

3.6 Determining Design Capacity, Head, and Flow

for Category 2 Developers

The information in this subsection is for Category 2 developers, those
who want to develop the maximum energy available from the site at the least
investment.
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In an effort to produce the maximum energy at the minimum cost, there
are several effects that need to be pointed out. Normally, a larger
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lTess to construct and operate, but it also produces less energy. Based on

0
t costs more to construct and operate. Conversely, a small plant costs

this, the best method of optimizing the project economics is to compare
energy production costs in terms of a value per kilowatt hour (kWh). As an

example, assuming all other economics are the same, two plants can be

compared as follows:

. Ist Plant. A 50 kW plant that preduces 263,000 kWh of energy
per year at 60% plant factor (see Subsection 3.7) at an annual
cost of $10,000 per year (including principal, interest, and

operating and maintenance costs, as discussed in Section 7).

10,000
Costs per kWh = 5554555 = $0.038

[} 2nd Plant. A 60 kW plant that produces 315,000 kWh of energy
per year at 60% plant factor (see Subsection 3.7) at an annual
cost of $15,000 per year (including principal, interest, and
operating and maintenance costs, as discussed in Section 73.

15,000

Costs per kWh =

If you can sell your power for $0.055 per kWh, the 1st plant will return
263,000 x (0.055 - 0.038) = 34471 per year, and the 2nd plant will return
315,000 x (0.055 - 0.0476) = $2331 per year. In this example, the smaller
site represents the best investment for the developer since the profit
margin is higher.

One method of determining the design capacity to produce the maximum
amount of energy requires the use of a flow duration curve. It is
recommended that the Category 2 developer rely on the turbine-generator
manufacturer for the detailed energy produciion analysis and the costs for
the economics.
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The Category 2 developer can make a preliminary evaluation of the best
design capacity and economics using the following "rule-of-thumb" method.
The flow (Q) in the design capacity equation should be based either on flow
at 25% exceedance on the flow duration curve or on the average annual flow,
unless there are periods of zero flow. In that case, use the average
during flow periods.

3.6.1 Head Fixed and Flow Known; Calculate Design Capacity

For many Category 2 developers, the head at the site will be fixed and
cannot be altered because an existing dam is used. Given this fixed head
and a known flow, the design capacity can be determined using Equation 2.2
as the basic equation and solving for Pd'

P = Qxhxe
d 11.81
where
Pd = design capacity in kW
Q = flow in cfs. Use the average annual flow or flow at 25%
exceedance, whichever is greater
h = head in ft
e = efficiency (assumed to be 60%)
11.81 =

constant of conversion

This preliminary design capacity should be used as a guide, since the
type of turbine and the site characteristics will also affect the design
capacity and economics. At this point, the turbine-generator manufacturer
should be contacted as outlined in Subsection 4.2
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3.6.2 Variable Head and Known Flow; Calculate Design Capacity

If the head at a potential microhydropower site is not fixed, and the
objective is to produce the maximum amount of energy possible, then the

* head should be set as high as possible. The head ranges can be determined

during the site inspection as discussed in Subsection 3.2. However, there
are several items to consider when determining the best location for the
jntake structure, which is the point from which head is measured.

Items to consider when maximizing head for a Category 2 development:

. Generally, as the head increases, the cost of the
turbine-generator equipment decreases.

. To gain additional head, additicnal penstock is required, which
increases costs because of increased length and extra design
requirements for pressure and safety.

) Site access and terrain may restrict additional head.

. Head affects the type of turbine that can be used. See
Subsection 4.1.

. Addtional head may provide an installed capacity of greater
than 100 kW, which may change the licensing requirements. See
Section 8.

The Category 2 developer should select several heads on the basis of
the site inspection and the considerations in this section and develop a
range of heads for additional review.

Once the head ranges have been determined, then the design capacity

can be determined from Equation (2-2). Calculate the design capacity for
each head.
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d 11.81
where
Pd = design capacity in kW
0 = flow in cfs. Use the average flow or flow at 25%
exceedance, whichever is greater
h = head in ft
e = efficiency (assumed to be 60%)
11.81 = constant of conversion

\
This preliminary design capacity should be used as a guide to contact
the turbine-generator manufacturers, as described in Subsection 4.2

3.7 Determining Annual Energy

" The energy potential is represented by the inéta]led capacity
operating for a period of time. This energy term is given in
kilowatt-hours (kWh). If a power plant could operate continuously, the
amount of energy produced in a year's time would be as follows:

Design capacity = kW x 8760 x 24 hr/day x 365 days/yr.

However, due to normal fluctuations in stream flow, high- and low-flow
Timitations on the turbine, and maintenance and down time, the plant will
not operate at 100% capacity continuously. Therefore, a plant factor,
which is the ratio of the average annual power production Lo the installed
capacity of the plant must be introduced to estimate the average annual
energy.
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Pe=p X 100 (3-15)
d
where
PF = plant factor, as a percentage
Pa = average annual power production in kW
Pd = design capacity in kW.

For example, in the Northeast, a plant factor of 50% to 60% has been found
acceptable for small plants, while in the Northwest, a plant factor of 30%
to 40% may be more practical. A plant factor of 50% is a good average to
use for preliminary calculations. The estimated annual energy can bé
determined as follows:

EA = PF X Pd x 8760 ' (Egq. 3f16)
where

EA = annual energy in kWh

PF = plant factor expressed as a decimal

Pd = plant design capacity in kWh

8760 = hours per year (24 hr/day x 365 days/yr)

Depending on the category of developer and the site characteristics,
larger and smaller plant factors can be used in the annual energy
calculation. Table 3-5 can be used to refine the plant factor.




TABLE 3-5. PLANT FACTOR BASED ON SITE CHARACTERISTICS

Type of Developer

Site Characteristics Category 1 Category 2
Constant head and flow
Does not vary more than 5% 0.9 0.9

Constant head and variable flow

Varies less than 30% 0.8 0.8

Varies between 30 and 50% 0.6 0.6

Varies more than 50% a 0.4
Variable head and flow

Varies less than 30% 0.5 0.5

Varies between 30 and 50% 0.3 0.3

a. The Category 1 developer sizes the installed capacity to match the
lTowest flow, and therefore the flow should not vary more than 50%.

In order to-use this table, you must be able to calculate head and flow
variation. These variations can be calculated as follows:

-

Q
5= (1- 'Gl) x 100 (3-17)
d
where
8Q = flow variation, expressed as a percent
Q] = flow during low-flow period, in cfs
Qd = design flow used for the installed capacity, in cfs

NOTE: Perform calculations in ( ) first.
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h

sh= (1-~1) x 100 (3-18)
i Vh
i
. _where
| 6h = head variation, expressed as a percent
% h, =  head at the lowest point, in feet
| |
; hd = design head used for the installed capacity, in feet

Lt -

NOTE: Perform calculations in ( ) first.
EXAMPLE: Assuming a design flow of 10 cfs with a low flow of 8 cfs,

i and a design head of 100 feet with a low head of 96 feet, determine
the plant factor.

g
5Q = (1 - 35) x 100

N

(1 - 0.8) x 100

= 0.2 x 100
= 20%
= (1 - 36
= (1 - 0.96) x 100
M
| = 0.04 x 100
|
i = 4%

PF = 0.8, based on constant head and variable flow of less than
;o 30%, from Table 3-5.
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4. DESIGN, EQUIPMENT, AND SAFETY REQUIREMENTS

Y

In this section, the following subjects are addressed.

y —

® General discussion on turbines
L, . Contacting turbine generator manufacturers and suppliers
i ° Making a go/no-go decision and establishing design criteria
; 1) Designing an intake system
i
] Designing penstock and valves
i ) Designing a powerhouse
|
| . Designing a tailrace
] Selecting a generator and designing electrical equipment
I/ '
\
- . Designing a drive system and speed increasers.
The developer who has followed the instructions in the previous
sections has accomplished the following:
: ) Has identified with the appropriate developer category.
- Desires to be energy independent producing power for personal
needs.
v - Desires to produce the most power for the dollar invested.

] Has identified the type of source.
- Run-of-the-stream

. - Manmade.
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[ Has selected preliminary design head, or knows the head variation.

' Has measured flow and has selected a preliminary design flow.

] Has determined the power requirements.

. Has preliminary selection for location of intake structure and
power house.

° Has measured length of penstock and transmission lines based on

preliminary locations.

With this information, the next step is to contact various manufac-
turers and request additional information. A general discussion on turbines
is provided next to aid in selecting the manufacturer whose turbines have
the best potential of meeting the site criteria.



4.1 Turbines

This subsection presents a general discussion on the types of turbines,
their areas of use, methods of regulating turbine speed, and design of draft
tubes.

Hydraulic turbines are classified as impulse turbines or reaction tur-
bines according to the process b& which the water head and flow are con-
verted to mechanical power. In impulse turbines, the head is converted to
velocity in a stationary nozzle directed toward the turbine wheel, called a
runner (Figure 4.1-1). The water jet from the nozzle is directed against
curved buckets on the runner, which deflect the jet and reduce its velocity.
The force resulting from this deflection is applied to the turbine runner,
creating the turbine torque and power.

In reaction turbines, part of the available head may be converted to
velocity within stationary parts of the casing, and the remainder or ali of
the head is converted to velocity within the turbine runner (Figure 4.1-2).
The forces resulting from the velocity change act on the turbine runner,
creating torque and power. In most cases, the impulse and reaction turbines
in use today are the descendants of designs named after their inventors.
Several of the more common types of hydraulic turbines and their areas of
application are described below. Impulse turbines are used for higher head
sites, usually with more than 60 feet of head. Reaction turbines are more
appropriate for lower head sites.

4.1.1 Impulse Turbines

Impulse turbines are most suited for sites with relatively high head
and Tow flow. This is because the high head and corresponding high water
velocity corcentrates the available water power into a small flow area.

The concentrated power is most efficiently converted by directing one or
more water jets against buckets on the runner. The runner deflects the jet
and reduce; its velocity. The best efficiency in impulse turbines, occurs
when the speed of the runner is about 1/2 that of the water jet as it leaves
the nozzle.
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Figure 4.1-1. Impulse turbine (Pelton Wheel)

An advantage of impulse turbines over the reaction turbines is that
since the head is converted to velocity in the stationary nozzles, there is
no pressure drop across the runner. Consequently, no close-clearance seals
are needed between the runner and the turbine housing. This makes the
impulse turbines simpler to manufacture and maintain, and more tolerant of

less-than-clean water conditions.

Impulse turbines are manufactered in three basic types: Pelton Wheel
Turgo, and Crossflow. Each type is discussed below.
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Figure 4.1-2. Reaction Turbine

4.1.1.1 Pelton Wheel Turbine. The best known impulse-type turbine is
called the Pelton Wheel turbine, named after one of its inventors. This
turbine, shown in Figure 4.1-1, has buckets on the runner that split the
flow from the nozzle into two streams that are discharged from the sides of
the runner. After the flow is diverted and split, the water drains from
the turbine casing at a low velocity. An inherent limitation on the flow
rate that a Pelton Wheel can handle is the size of water jet that can be
efficiently diverted by the runner buckets. Several jets can be employed
around the periphery of the runner to increase power. Under optimum

cond.'itions, a Pelton turbine can achieve up to 90% efficiency, due to the
simple flow path through this type of turbine.
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Application Guidelines--Pelton Turbines:

tead: 75 feet of head and up
Flow: Varies, but lowest of all turbines relative to head
Cost: $300 to $500/kW on suitable site. Cost per unit of

output will decline as head increases. Peltons are
uneconomic at low heads because limited water handling
restricts output.

4,1.1.2 Crossflow Turbine. The crossflow (sometimes referred to as

Banki) impulse turbine was invented to accommodate larger water flows and
Tower heads than the Pelton Wheel turbine. The crossflow turbine, shown in
Figure 4.1-3, uses an elongated, rectangular-section nozzle directed
against curved vanes on a cylindrically shaped runner. The water jet is
slowed down in two stages, encountering the runner vanes twice as it passes
through the horizontal runner. The elongated design of the runner and
inlet nozzle increases the turbine flow capacity, which permits
accommodation to lower heads. However, the more complex flow path through
the crossflow turbine results in a lTower efficiency, about 65%.

Application Guide]ines;-Cross-f]ow Turbines:

Head: 25 to 200 feet
Flow: Can be built to accommodate a wide range of flow as
needed
Cost: $500 to $1,200/kW. Price varies with flow
requirements, control systems used, and level of
quality. -
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Figure 4.1-3. Crossflow turbine

4.1.1.3 Turgo Impulse Turbine. The Turgo impulse turbine, shown in

Figure 4.1-4, is an impulse turbine that can accommodate more water flow
than a Pelton turbine. More and larger nozzles can be placed around the
circumference of the runner due to the flow orientation away from the
nozzles. An additional advantage of the Turgo turbine is that for the same
head and runner diameter, the speed is about twice that of the Pelton
turbine. The Turgo can achieve efficiencies of 92%, and maintains high
efficiencies with flows as low as 25% of design.
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Figure 4.1-4. Turgo impulse turbine
Application Guidelines--Turgo Turbines:
Head: Comparable to Pelton--75 feet and up
Flow: For the same size runner, the Turgo will handle three

times more volume than the Pelton. Also, for equal
size flow, runner can be smaller and speed will be
slightly more than twice that of the Pelton runner.

Cost: $500 to $700/kW. As with the Pelton, economics of the
turbine improve with increased head.
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4.1.2 Reaction Turbines

Turbines in which part or all of the head is converted to velocity

- | . within the runner are referred to as reaction turbines. The Francis
turbine shown in Figure 4.1-5, named after its developer, is a reaction
turbine. Propeller-type turbines are also reaction turbines that develep

4 torque and power by imparting a whirl velocity to the water. A tynical
example is shown in Figure 4.1-2. Reaction turbines are more suitable than
impulse turbines for lower head, higher flow applications, although there
is considerable overlap in practical applications. In terms of mechanical
design, an important feature of reaction turbines is that to maintain good
efficiency, a close running clearance seal must be maintained betwean the

runner and the casing. This is because reaction turbines operate with the

Guide vanes
( Spiral case

uvf“,

st
, Discharge
; g o Draft
Inlet * tube
.

INEL 2 2356
:,. Figure 4.1-5. Francis reaction turbine
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head applied across the runner, and leakage past the runner is lost power.
For this reason, the performance and efficiency of reaction turbines is
more 1ikely to be degraded by entrained sand and silt in the water causing
seal wear than is that of an impulse~type turbine. However, for low head
applications, reaction turbines offer smaller turbine diameters and higher
rotational speed than traditional impulse turbines. This advantage of a
smaller runner for a given flow is offset by the fact that more flow is
needed because of the lower head.

4.1.2.1 Francis Turbines. This design was first developed in the late
19th century. The Francis turbine has seen wide acceptance and is used in

a full range of head and flow characteristics. Being a reaction turbine,

the Francis uses both pressure and velocity to operate. Water is

introduced radially--perpendicular to the shaft--at the entrance of the
runner and turns S0 degrees within the runner to discharge
axially--parallel to the shaft (Figure 4.1-5).

The flow is generally controlled by wicket gates. There are usually
12 to 24 wicket gates, and they are connected, by lirks to a gate ring to
move in a ccordinated fashion. The gates control flow and, alter the angle
of that flow into the runner. The water in most modern Francis units is
distributed to the gates and turbine via the spiral case. Note that the
cross-section of the spiral case decreases as it moves around the runner
because of the smaller volume of water. Not all spiral cases are shaped
1ike this. It was common in earlier days to place the Francis turbine in
the bottom of an open flume or box (Figure 2-12).

Francis turbines can be placed either horizontally or vertically and
can be used on heads of 6 to 1,000 feet. Francis turbines can provide very
good efficiency down to a flow of 50% of the design flow. For reasons
relating to specialized design, and thus cost, Francis units have not been
widely used in microhydropower installations in recent years.

4.1
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Application Guidelines--Francis Turbines:

Head: 6 to 1000 feet
Flow: Design to suit-~high volume with medium speed
Cost: 3500 to $1,500/kw.

4.1.2.2 Propeller Turbines. There is a wide variety of turbine designs

that have in common the use of a propeller-shaped runner. Only a few are
applicable to microhydropower projects. Propeller turbines are reaction
turbines, and most are axial flow, meaning that the water flow path is
parallel to the turbine shaft. The runner resembles a boat propeller,
although the two are in fact quite different. A boat propeller does not
run inside a pressure casing, but a turbine runner does. Some people have
successfully modified boat propeliers for use as runner. The modifications
usually consist of cutting off the curved end of the blade. EffiEiency in
the 50% range is not uncommon.

As with the Francis runners, this reaction turbine is full of water
from the start of the penstock to the end of the draft tube. The runner
rotates and power is extracted by the blade displacing water as the column
of water moves through the turbine. Units designed for higher heads will
have more blades while these used on lower heads, will have fewer blades.

" Blades on low head units will be set at a greater angle from the flow

direction, while blades on high head designs will be set at a reduced angle.

Some propeller designs make use of preswirl vanes set upstream from
the runner (Figure 4.1-2). The vanes give a tangential component to the
column of water that increases the efficiency of the runner.

Fixed-blade propeller designs offer very good efficiency and high
specific speed over a fairly narrow range of flow. Generally, as flow
drops off, efficiency falls rapidly. The solution is to make the turbine
adjustable in some way. Some¢ designs adjust the angle of the guide vanes,
some the blade angle of the runner, and some both. This adjustability is
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reflected in price increases. There are several types of turbines in the
microhydropower range that use a simple fixed pitch propeller type runner.
Fixed pitch units perform well at the design conditions, but suffer at
other flow points. They are thus suitable for sites that offer constant
flow cocnditions. Also, fixed pitch units often cost considerably less than
the adjustable units.

Application Guidelines--Axial Flow (Propeller) Turbines:

Head: 6 to 100 feet
Flow: Design to suit--high volume with high speed
Cost: $500 to $1,500/kW. Low head will cost more but civil

works are often less expensive.

4.1.3 Pumps Used as Turbines

When the flow in a*centrifugal pump is reversed by applying head to
the discharge nozzle, the pump becomes a hydraulic turbine. Pumps are

usually manufactured in larger quantities and may offer a significant cost
advantage over a hydraulic turbine. The potential advantage of using a
pump as a turbine should be carefully evaluated by comparing cost,
operating efficiency, and the value of the electric power produced with the
same values for a traditional hydraulic turbine under the same head and
flow conditions.

When a pump is used as a turbine, to operate at the rated pump speed,
the operating head and flow rate must be increased over the rated head and
flow rate for normal pumping operation. A common error in selecting a pump
for use as a turbine is to use the turbine design conditions in choosing a
pump from a catalog. Because pump catalog performance curves describe pump
duty, not turbine duty, the result is an oversized unit that fails to work
properly.
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Since turbine pearformance curves for pumps are rarely available, you
must use manufacturer's correction factors that relate turbine performance
with pump performance at the best efficiency points. For pumps with

specific speeds up to about 3500, these factors vary from 1.1 to 2.5 for

head and flow and from 0.90 to 0.99 for efficiency (for a discussion of
specific speed, see Appendix A-7). At this point, you should know your
site's head and flow from worked performed in Section 3. These values are
the turbine performance characteristics and must be converted to pump
characteristics in order to properly select a pump. This is done as

follows:
Q=
p CQ
i =t
p ch
e = ep X CE
where
Qp = capacity of the pump in gpm
Qt = capacity of the turbine in gpm (site flow)
C0 = capacity correction factor
Hp = head of the pump in feet
Ht = net effective head of the turbine in feet (site net
effective head)
Ch = head correction factor
e, = turbine efficiency at best efficiency point
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pump efficiency at best efficiency point

o
il

£ efficiency correction factor.

Note that the head used for the turbine (site head) is the net
effective head and not the pool-to-pool head (see Subsection 2.2). You
will have to size your penstock (see Subsection 4.5) and do preliminary
design work on your intake structure (see Subsection 4.4) before you can
calculate the net effective head.

Once you have determined Qp and Hp, you can review manufacturer's
pump curves and select a pump that has these characteristics at best
efficiency and operates at the desired speed.

In most cases, pump manufacturers treat correction factors as
proprietary data. When these Tactors are not available, you will have to
contact the pump manufacturer and supply head, capacity, and speed data so

. that he can select the proper pump.

Stepanoffa gives a method for approximating the transformation of
pump characteristics to turbine characteristics. His analysis assumes that
the efficiency as a turbine is approximately equal to that obtained when
operating in the pumping mode. The correction factors are:

1
c. =L
Q e
-1
Ch’ez

p
ep=et

a. A. J. Stepanoff, Centrifugal and Axial Flow Pumps, 2nd Edition, John Wiley and
Sons, Inc., New York, 1957.
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This method provides a very rough approximation. It is known from
tests that different pumps operating as turbines have operated at higher
and lower efficiencies than the best efficiency of the pumping mode. It
appears that the wide variations in pump geometry affect some performance
characterisitc while leaving others relatively unaffected. The end result
is" that relationships between pump performance and turbine performance of
pumps are difficult to correlate in generdlized formulas. You should
contact the manufacturer if you are serious about using a pump as a turbine.

Since pumps are not specifically designed for reversed flow or for
coupling with generators, consideration must be given to determining if the
pump and generator bearings can support the reversed loads. This is
particularly important in the case of vertical shaft pumps, which normally
transfer their shaft weight and hydraulic thrust load to a thrust bearing
in the drive motor. In this case, the generator must be designed for
vertical mounting and have a thrust bearing capable of supporting the
thrust loads. The pump manufacturer or a consulting engineer must be
contacted to estimate vertical pump shaft Toads when a pump is operated as
a turbine.

Another possibility is to use a vertical shaft pump with a 90-degree
gear box (Figure 4.1-6). The photo is of a 50-kW plant using a spring flow
of 7.1 cfs and 140 feet of head. The plant was originally built to power
the equipment in a grave1 pit without an intertie to the local utility.
Total plant costs were approximately $40,000. It is capable of producing
power valued at more than $1,000 per month. The right-angle gear case is
the type normally used in a well-pump installation. The generator was
obtained used from a Caterpillar motor-generator plant.

The range of flowrate over which a pump can provide efficient turbine
performance at constant speed will usually be more limited than that of a
hydraulic turbine. This is because pumps have no provision for a
regulating or diversion valve in their discharge (inlet for turbine
operation) flow passage. Hydraulic turbines, on the other hand, have flow
regulating wicket gates designed to restrict the flow. Obviously, it would
be very difficult and expensive to modify a pump casing to install a
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Figure 4.1-6. Vertical shaft pump used as a turbine, with
90-degree gear box.

regulating valve. A throttling valve installed upstream from the pump
would nct serve the same purpose, because the velocity produced at the
valve would be dissipated in the piping and be unavailable for producing
power in the pump (turbine). Using a pump as a hydraulic turbine should be
restricted to situations where the flow is constant.

4.1.4 Turbine Application

The best way of obtaining the most efficient and reliable turbine,
generator, controls, and auxiliary equipment is to obtain a preengineered
package from a competent, experienced supply firm (see Subsection 4.2).

The supply firm, given the site data and user requirements, should have the
engineering capability and practical experience to select and assemble
compatible equipment. Since a given supplier generally does not have
knowledge of or access to all the suitable turbines that may be available,
obtain proposals and quotations from several suppliers. Provide each
supplier with the same site data and power requirements. The considerations

4.1-14



involved in selecting a turbine for a given site are outlined below. This
information is provided as a guide in turbine selection, and must not be

| considered a substitute for the detailed engineering needed to support a

} . high-quality hydropower installation.

| Particular combinations of site head and flow dictate the type of

i* turbine that will efficiently produce power. For conditions where
different types of turbines overlap, the selection process should be based
on a comparison of equipment costs and performance quotations from
competing manufacturers of several suitable turbines. In general, the
turbine offering the highest shaft speed for the given head and flow should
result in the lowest equipment cost.

If the head and flow allow the use of either impulse or reaction type
turbines, the selection should be based on an evaluation of the following

.  factors:

. If the water is sand or silt laden, an impulse turbine should .be

favored to avoid performance loss due to wear in the reaction
C' turbine seals.

s If the turbine must be located some height above the tailwater
level, a reaction turbine with a draft tube at the outlet should
be favored to make use of the maximum head available (see
Subsection 4.1.7).

. If the head and flow rate can be maintained relatively constant

(which should be the case for most Category 1 developers), using
a pump with reverse flow as a turbine should be considered since
the initial cost and availability may be advantageous.

. A turbine that turns fast enough for direct coupling to the
generator shaft should result in a more compact installation and

g e

less long-term maintenance than one coupled through drive belts
or a transmission.
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If the head and flow conditions indicate that a Pelton-type impulse
turbine is most suitable, the tradeoffs between turbine size, speed, cost,
and efficiency can be observed by comparing manufacturers' quotations for
the turbine unit, drive system (direct coupling, V-belts, gear box, etc.),
and generator. If the available water flow varies significantly over the
period of time that power is needed, the use of a spear type regulating
valve (see Subsection 4.5.5.5) built inte the turbine nozzle should be
evaluated in terms of cost and efficiency gains. Valving the flow to
several nozzles may provide adequate flow and power control.

If the flow rate is at the upper end of the impulse turbine range, the
crossflow (Banki) or Turgo-type impulse turbines should be evaluated. They
offer higher speed than the Pelton Wheel, handle more flow, and do not
require the close running seals needed by the Francis turbine and other
reaction-type turbines. The crossflow turbine will be of particular
interest to the individual who is capable of designing and building a

- turbine rather than purchasing a manufactured unit. The runner blades on a
crossflow turbine have only cylindrical curvature and can be fabricated
from sectors cut from common steel pipe. .C. A. Mockmore and
F. Merryfie]da present the hydraulic theory needed to correctly design a

crossflow turbine.

If the site conditicns of relatively 1o; head and high flow rate are
suitable only for a reaction-type turbine, the choice is between the
Francis turbine or a propeller-type turbine. Both of these types are
available with movable gates to maintain good performance over a range of
flow rates. As mentioned before, the Francis turbine uses movable inlet
flow wicket gates, while the propeller turbine may use variable pitch
runners or gates to adjust to changing flow conditions. The cost of
controlled position runners and gates in these turbines is generally too
high to make them feasible for microhydropower installations. Fixed
geometry versions of the Francis and propeller types offer good performance
over a limited range of flowrates.

a. C. A. Mockmore and F. Merryfield, "The Banki Water Turbine," Oregon
State College, Bulletin Series No. 25, February 1949.
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4.1.5 Requlating Turbine Speed

With only a few exceptions, the electric power generated by a
hydropower installation must be regulated to a frequency of 60 cycles per
second (Hz) to be useful in powering motors and appliances. Notable
exceptions would be using a turbine for producing mechanical power to drive
equipment directly, and electric generation for the purpose of space or
water heating, or absorption refirigeration.

Maintaining constant electric power frequency and voltage requires
that the turbine be operated at constant speed. In commercial hydropower
installations, turbine speed control is performed by a governor that senses
generator frequency and positions the turbine nozzle spear valve, wicket
gates, or runner blade angle to maintain 60-Hz power. These methods of
speed control are designed to maintain a high turbine efficiency over a
wide range of flows and corresponding power output. The cost of
conventional governor mechanisms may well be prohibitive for
microhydropower installations.

It is possible to operate a microhydropower installation
interconnected to a power utility without benefit of a speed governor.
Such installations are manually brought on 1ine, and once set, they will -
supply to the utility the amount of power that corresponds tec the hydro
energy supplied to the turbine. Speed control of such an installation is
inherently maintained, for normal operating limits, by the natural
characteristics of the system after it is connected to the power utility.
The operation can continue indefinitely, provided that variations in water
flow and head stay within reasonable limits. In effect, the power utility
is providing speed control for this mode of operation.

If the power plant is to be operated without a connection to a pcwer
utility, as in a Category 1 installation, then some form of speed
regulation is probably a necessity.

A less costly method of speed regulation for small turbines and pumps
used as turbines is to use an electronic load control deyvice. Electronic
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load control allows stand-alone generation of regulated 60-Hz power. These
devices sense the power frequency and adjust a variable fraction of the
electric load to maintain the turbine-generator speed constant at 60 Hz.
The range of power output that is varied to maintain constant turbine speed
depends on the amount of water power that is available, and the variations
in electric load demanded from the unit. These factors must be defined and
analyzed by a supplier of electronic regulation units to determine if this
method is feasible and economic for your installation. The power
dissipated by the controller to maintain constant speed can be put to use
for space or water heating, absorption type refrigeration, or rejected as
heat by resistors placed in the turbine water flow stream.

These methods are explained in more detail in Subsection 4.8.

The conventional speed regulator discussed at the beginning of this
subsection is a mechanical governor that controls inlet water-flow to the
turbine. A relatively recent development is the use of electronic speed
sensors and microprocessors to control inlet water flow. This type of
speed regulation should be more economical than the conventional governor
system but may be difficult to purchase from conventional equipment
suppliers. Some microhydropower developers have been very successful using
innovative methods of speed contrut.

4.1.6 Turbine Setting

The setting of a reaction turbine in relation to the minimum tailwater
elevation can have a significant impact on the 1ife of the turbine.
Improper turbine setting can lead to the phenomenon known as cavitation,
which results in pitting of the runner. In reaction turbines, reduced
pressures occur in the hydraulic passages as the fluid is accelerated to
high velocities, and vapor bubbles form in the flowing stream. When these
bubbles are then carried into a region of higher pressure, they can
collapse rapidly. If this collapse occurs adjacent to the runner surface,
it results in the removal of a small amount of the metal, and this process,
if allowed to continue, accelerates with time. Thus, the cavitation that
causes this type of damage to a turbine is to be avoided.
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Excessive cavitation damage can be avoided by setting the horizontal
centerline of the turbine's runner a specified distance above or below the
tailwater elevation. The correct distance should be supplied by the
turbine manufacturer and should be closely adhered to. From an equipment
standpoint, a deep setting is better because it provides sufficient
pressure at the runner discharge to allow the use of smaller, higher speed
turbines, and therefore lower cost units, without excessive cavitation.
The civil costs will be greater with the deeper setting because of
additional excavation and more powerhouse work. A balance should be
maintained between the civil costs and the equipment costs as deternined by
the turbine setting. For a further discussion on turbine setting, see
Appendix A-7.

The setting of impulse turbines in relation to the tailwater elevation
is not critical for prevention of cavitation. Impulse turbines are
generally located as close as possible to the tailwater elevation to use as
much of the available head as is possible, but they must run free of any
tailwater interference.

4.1.7 Draft Tube

This section discusses draft tubes for reaction turbines. If you have
an impulse turbine, the contents of this section are not important to you.
Reaction turbines (Francis, propeller, and pumps—-as-turbines) operate with
the flow path completely filled with water. This allows the turbine to be
mounted above the tailwater, and still use the full available head by means
of a draft tube. A draft tube is a conical pipe, straight or curvec
depending on the turbine installation, that maintains a column of water
between the turbine cutlet and the downstream water level. Water leaves
the turbine runner at a relatively high velocity, constituting a
substantial portion of the total energy available. To recover this energy
efficiently, the velocity must be reduced gradually and friction losses
minimized. If the velocity is not reduced, the water will spill out the
end of the turbine outlet into the tailwater, and the energy contained in
the flowing water will be dissipated as turbulence in the tailrace.
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The draft tube outlet must remain below the water surface at all water
levels to prevent air from entering the tube and displacing the water
column. It is the velocity of the water in the draft tube that acts, when
reduced, as a suction head on the turbine runner. This suction head can be
enhanced by converting part of the flow velocity to pressure within thge
draft tube. This requires a tube of expanding flow area, with the diameter
at the tube outlet about two times the diameter at the inlet, where it
attaches to the turbine. The angle between the opposite walls of the
expanding draft tube should be between 7 and 20 degrees to give optimum
pressure recovery. The design of the draft tube for acommercially
manufactured turbine should be approved by the manufacturer.

The majority of microhydropower sites will use straight conical draft
tubes, (see Figures 4.1-2 and 4.6-4). For preliminary layout purposes, the
draft tube outlet diameter should be twice the turbine runner diameter and
the length of the tube should be four times the runner diameter. The
bottom of a vertical conical draft tube should not be closer than one
runner diameter to the bottom of the tailrace. The tailrace width for a
vertical conical draft tube should be four turbine runner diameters, but
can be only two diameters wide for a horizontal draft tube.

There are other draft tube designs that use curved sections to reduce
the amount of excavation required. These are elbow or "S" shaped and
should be designed by the turbine manufacturer on the basis of his model
tests.

4.1-20




4.2 Contact Turbine-Generator Manufacturers and Suppliars

Microhydropower developers will want to select a standard turbine and

- . not undergo the expense of having a turbine specifically designed to meet
the site characteristics. To select a standard turbine-generator unit that
will generate the most energy for the dollar, you should contact various

; suppliers and request them to recommend the unit that they feel best fits

| your site. Use the form that follows to provide the information the manu-
facturer will need. Provide as much information as possible to aid the
manufacturers and suppliers in determining which unit to recommend. Pic-
tures and drawings should be included if available. Identical information
should be supplied to all manufacturers and suppliers so that you can eval-
uate the responses fairly. A listing of manufacturers and suppliers is
included as Appendix F, and additional forms can be found in Appendix I.

To aid your understanding of the form, a narrative description
referring to the major headings of the form is provided below.

I. REASON FOR DEVELOPMENT

TN

By choosing the most appropriate category, you are telling
the manufacturer or supplier why you desire to produce power. If
you state that you want to be able to generate power independent
of the utility, you will be able to generate power when the util-
ity service is interrupted or even if disconnected from the util-
ity. This tells the manufacturer or supplier that he must supply
a more expensive synchronous generator, along with speed regulat-
ing equipment. (Genzrators are discussed in Subsection 4.8). If
you state that you don't mind being dependent on the utility,
then the recommended generator will probably be an induction gen-
- S erator, which will use a less expensive motor starter for
switchgear.
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II. TYPE OF SOURCE AND AMOUNT OF HEAD

Choose the category that best describes your type of source
(Subsection 2.6), and give the available head (Subsection 3.4).
If you are a run-of-the-stream developer and you have a fixed
head, Tist that head. If you are not sure you have selected the
best head, 1ist the ranges of head available so that the manufac-
turer or supplier can select the head that best fits his
equipment.

If the site is an existing dam which has a fluctuating head
(Subsection 3.5.4), describe the characteristics of the fluctua-
tion. In the additional comments, include an explanation of how
the head fluctuation corresponds to flow variations.

III. AMOUNT OF FLOW

If you have developed a flow duration curve, be sure and
include a copy of the curve. This will help the manufacturer or
supplier to optimize his turbine selection. If you have estimated

-flow on the basis of an average monthly flow value, then include
that information. If you have a source, such as a canal, that

flows only during part of the year, be sure and include that
information.

IV. PERSONAL POWER NEEDS

List the results you obtained from Subsection 3.1.

V. ADDITIONAL INFORMATION

Include any additional information that might aid the manu-
facturer or supplier to evaluate your site requirements. Call
the utility to learn how far the nearest substation is from your
site. This distance will determine whether or not an induction
generator can be used.
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If you are developing an existing site with a turbine already
installed and you would 1ike to consider using it again, write
the original turbine manufacturer to obtain information. In
addition to the site data included above, send the following
information, if available:

Name of the site

Name of the original turbine purchaser
Date the turbine was purchased
Contract number

Name plate data

Drawing numbers of the turbine.

After receiving the responses back from the manufacturer or
supplier, proceed to the next section to make a preliminary cost
estimate, decide whether or not to proceed, and establish design
criteria. '
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MICROHYDROPOWER TURBINE GENERATOR
INFORMATION REQUEST

(DATE)
GENTLEMEN:

I am interested in installing a microhydropower system. The following
site specifications are supplied for your evaluation. Please review the
specifications and answer any appropriate questions concerning your
equipment.

My Name: Address:
Phone No. ()
Project Name:

I. REASON FOR DEVELOPMENT
(Check One)

1. I am interested in supplying my own electrical needs. I do not
plan to intertie with a utility. Therefore, I will require a
synchronous generator.

2. I am interested in supplying my own electrical needs. When my
needs are less than the energy produced, I would consider selling
to a utility. However, I want to be able to generate power
independent of a util:cy. I therefore require a synchronous
generator and speed control equipment.

3. I am interested in supplying my own electrical needs. 1 want to
be able to sell excess power to a utility. An induction generator
is acceptable since I do not care to generate power independent
of the utility. ;

4, I am interested in generating as much power as possible for the
dollar invested. However, I want a synchronous generator so that
I can generate power if the utility service is interrupted.

5. I am interested in generating as much electrical power as possi-

ble for the dollar invested. I am not interested in generating
independent of the utility.
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; II. TYPE OF SOURCE AND AMOUNT OF HEAD
(Check One)

. 1 The site is a run-of-the-stream site and can have a pool-to~pool
™ . head from to feet.
§ 2. The site is an existing dam and has a constant/variable pool-to-
? pool head of to feet.
f 3. The site is a canal drop/industrial waste discharge and has a
pooi-to-pool head of feet.

III. AMOUNT OF FLOW
(Check One)

1 The flaw valuae
P ) - L ) Ide 2

roa hacad nn th
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2. The flow value is based on a minimum stream flow of

cfs. This is because my objective is to supply my energy
needs as much of the year as I can.

3. The flow is available months out of the year and is fairly
constant at cfs.

4, The flow values are based on monthly averages in cfs:

Jan. May Sept.
( Feb. Jun. Oct.
: Mar. Jul. Nov.
Apr. Aug. Dec.

5. Other: See V-9, Additional Information.

IV. PERSONAL POWER NEEDS

A copy of the daily load use table is attached. The daily peak load

is estimated to be kW. Major electrical equipment is Tisted
below.
-
The voltage I need is , and is single/three phase.
.
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ADDITIONAL INFORMATION

1,

ch

Site location and stream name

Name of local utility
Distance to nearest substation is miles,

The quality of the water is usually clear/murky/silt laden/muddy.
Site elevation is feet.

Annual average temperature variation is from
to °F.

A sketch of the site 1s/1s not included.

Existing structures or equipment that should be used, if
possible, include

The proposed diameter and length of the penstock are (leave blank
if not known): inches in diameter, feet in
length.

Additional information to be considered
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The information returned to you by the manufacturer will assist you in
developing your site and preparing a final design specification (Subsec-
tion 4.3.2) or bid package (Subsection 5.1.2). The following narrative is
provided to aid in understanding the information returned by the manufacturer
~or supplier:

I. GENERAL COMMENTS
This section allows the manufacturer to state exactly what
scope of information is included in the package. It also allows
him to specifically exclude equipment, make recommendations, or
qualify any of the information he has included.

II. RECOMMENDED EQUIPMENT SUPPLIED BY COMPANY

This section provides a listing of the equipment, type, and
manufacturer included on the form.

ITI. EQUIPMENT SPECIFICATION

Q This section provides the detailed information on each item
of equipment to be furnished. The manufacturer will have made
some assumptions and performed calculations in order to supply
this informaion. You should study it carefully since you will
have to use it in your design. The power production of the
turbine-generator will be based on a net effective head (see Sec-
tion 2.2) that the manufacturer has calculated from infcrmation
you have given him or he has assumed. Your final design shouid
confirm that your site can provide this head. The rating of the
generator may be higher than the power needed by you. In this
case, the manufacturer has probably selected a standard generator.
Since generators come in specific sizes, he will pick one which is
the nearest to your needs but higher,
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The turbine setting (reaction turbines only), size of power-
house, and weight of the unit are other items you will need to
know in the design of your site. The annual energy production
caiculated by the manufacturer may differ from your calculations,
but it will be a more accurate number, particularily if you have
provided him with a flow duration curve and the seasonal head
variation.

COST OF EQUIPMENT RECOMMENDED

The cost provided by the manufacturer will be for the equip-
ment listed in Section II of this form. Unless a bid is attached,
you should use this price only for cost estimating purposes.
Before ordering the equipment, ask the manufacturer for a firm bid.

ADDITIONAL INFORMATION

This section is to allow the manufacturer to offer recommenda-
tions or other services. It also provides the delivery time for
the items listed on the form. This information is needed when
preparing the construction schedule (see Subsection 5.1.5).
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(TO BE COMPLETED BY MANUFACTURER/SUPPLIER)

Name of Company

Address

x Phone No. () Date

I.  GENERAL COMMENTS

II. RECOMMENDED EQUIPMENT SUPPLIED BY COMPANY
1. Turbine Inlet Gate or Valve
Manufacturer

Type
Model No.

2. Turbine

Manufacturer
Type
Model No.

3. Generator

Manufacturer
Type
Model No.

4. Is load diverter/governor included? Yes/No.
Yes: Type
Model No.
No: Type recommended
Model No.

5. Additional items supplied with package, e.g. transformer, protec-
tion devices, auxiliary equpiment. Provide manufacturer,
dimensions, operating characterisitcs
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II1. EQUIPMENT SPECIFICATION

For a net effective head at the turbine of feet and a flow of
cfs, the generator will provide an output of kW (assumed power
factor of ). This will result in a computed efficiency of ___ %.

Based on the information provided, the annual energy production is calculated
to be kWh.

1. Turbine:

rpm at recommended head and flow.
Diameter of runner and type

2. Generator:

Operating rpm

Overspeed allowance ' %
Voltage single/three phase.
Rating single/three phase.

Power factor

w

Speed increaser

Type
Ratio
Rated input horsepower
Service factor

4. Draft tube, if used:

Length
Elevation from turbine runner centerline to tailwater at lowest
water level

Outlet area

Inlet diameter

5. Is unit assembled on equipment frame? Yes/No

Yes: Dimensions of frame

6. Recommended powerhouse minimum dimensions:

Length ft
Width ft
Height ft.
7.  Weight of assembled unit 1b
Shipping weight 1b
Wetted weight 1b
Recommended mass of equipment pad 1b.
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8. Is shutoff valve or gate provided ahead of turbine? Yes/No

No: Recommended size

| r Type
; ‘ Manufacturer
; 9. Recommended spare turbine-generator parts
i
|
|
10. Expected operating life with normal maintenance and operating
conditions: yri,
11. Turbine warranty provisions included? Yes/No
12. s cooling water required for the generator, speed increaser,
" and/or lubrication system? Yes/No
Yes: Flow at temperature, system
Flow at ' temperature, system
Flow at temperature, system
13. Recommended powerhouse ventilation cfm.
14. With the information provided, the minimum output for the unit
; would be kW at head and cfs
' flow. The maximum output for the unit would be kW
at head and cfs flow.
15. Diameter of turbine inlet ' in. and outlet in.
or outlet dimensions in. by in.
16. Lightning protection is/is not provided.
IV. COST OF EQUIPMENT RECOMMENDED
(Choose Appropriate Answer(s))
1. The cost estimate is/is not based on a complete unit cost.
2. The cost delivered to the site is
: Bid is/is not attached.
.
| 3. On the basis of information provided, the cost of the equipment
: recommended should approach delivered to the site.
1 (This is not a bid.)
f 4. The cost estimates are good until
("\_/
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ADDITIONAL INFCRMATION

1. Recommended material and equipment not furnished by company.
Penstock: Size Material
Valves

Electrical equipment
Additional items

2. Delivery time for packages

3. Recommended design considerations

4. Additional services provided by Company (i.e., financing, complete
design, installations, etc.).

5. Specific Comments

6. Please provide a 1ist of three or four developers with addresses
who have installed and operated your units.
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4.3 Go/No-Go Decision and Design Criteria Selection

Befcre proceeding, this is a logical place to make the second go/no go
decision. If the decision is to proceed with the project, then the design
criteria should be selected.

4.3.1 Go/No~Go Decision

This decision will be based on economics; therefore, you need to make
a preliminary cost estimate. Evaluate the responses received from the man=
ufacturer inquiries. The evaluation should be based on dollars for kW of
installed capacity and dollars per kWh of energy production.

Category 1 developers who don't want to sell to a utility should look
at the dollar for kW capacity. Remember, the higher the head the less
expensive the turbine generator unit, but the more expensive the penstock.
A later paragraph will tell you how to adjust for civil cost. Category 2
developers and those Category 1 developers who plan to sell to the utility
should compare cost to the energy production (kWh), since the financial
return is based on kWh sold to the utility. A unit that costs less per kW
capacity may produce a lot less energy (kwWh) and thus may not be as good a -
buy. Therefore, compare all responses in accordance with the procedure
presented below to select.the best economic alternative.

Before proceeding, look at the manufacturer's information sheets. Be
sure that you are evaluating equivalent items. In other words, if one man-
ufacturer or supplier is supplying a complete unit including governor or
Joad controller, etc., and the other is supplying a turbine or a generator,
the two costs cannot be compared without adding the additional cost to the
second machine.

For a preliminary cost estimate, a rule of thumb is that the civil
cost (i.e., structures, earthwork, penstobk, transmission line, etc.) should
be less than or equal to the machinery cost. Therefore, to make a rough
estimate of construction cost, take the equipment cost and multiply by 2.
If you are using an existing flume with very 1ittle civil work, the
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estimate can be reduced. However, if the site will require an extra long
penstock (1000 feet or more), or a lot of earth work, or anything else out
of the ordinary, the civil cost estimate should be increased. After adding
the machinery and civil cost together, round to the nearest $1,000 for a
construction cost estimate. ’

The following items should be added to the construction cost estimate:
10% for administration cost (legal fee, taxes, permits, etc.), and 25% con-
tingency to cover any uncertainty that may not be known or considered in

the estimate. These should be added as follows:

] Take the estimated construction cost and multiply by 10%. Add |
the results to the construction cost.

EXAMPLE: Assume a 15-kW site with estimated construction
cost of $31,000.

$31,000 x 0.10 (10%) = $3,100

Adjusted cost estimate = $31,000 + 3,100 = $34,000 (rounded
to nearest $1,000).

. Take the adjusted cost estimate and multiply by 25%. Add the
results to the adjusted cost estimate to determine the total
preliminary cost (Cp).

EXAMPLE: Adjusted cost $34,000

$34,000 x 0.25 (25%) = $8,500

Total preliminary cost estimate = $34,000 + $8,500 = Cp
= $42,000 (rounded to nearest $1,000).

The total preliminary cost estimate is now determined. Next, divide
the estimeted cost by the kW capacity of the site.
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EXAMPLE: $42,000 preliminary cost estimate and 15 kW capacity

§%§¢%%9 = $2,800 per ky.

The cost of a microhydropower installation will probably range between
$1,000 and $4,000 dollars per kW installed capacity. Your estimate should
be in that range.

CAUTION: This is a very rough estimate. It should only be used to
decide if you are willing to invest that magnitude of dollars. The final
estimate may vary up or down by 25% or more. The rest of this handbook
will help you find ways to reduce the cost.

Category 2 developers will want to evaluate how much revenue can be
recovered from the investment. To do that, take the annual energy (kWh)
value, from the manufacturers returned form (III. EQUIPMENT SPECIFICA-
TIONS), and multiply annual energy by 30 years.

E; = EA x 30 (4.3-1)
where

ET = total estimated energy over 30 years in kWh

EA = manufacturer's estimated annual energy generation in kWh

30 = 30-year economic life of the site.

EXAMPLE: Assume that the 15-kW generator will produce 65,700 kWh annually.
Find the total estimated energy over a 30-year period.

From Equation (4.3-1):
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E; = E, x 30
Ey = 65,700 x 30
Er = 1,971,000 kwh.

Now, if you have not already done so, contact the utility to determine how
much they are willing to pay for your power. They will quote a rate in mills
per kWh. A mill is one tenth of a cent, 30 mills is 3 cents. So if the utility
quotes 35 mills per kWh, they are actually quoting 3.5 cents per kWh. To
determine your economics, take the total estimate energy production
(ET) times the mill rating.

Ry = Ex x Mg (4.3-2)
. wﬁere
RT = total estimated return in dollars
ET = total estimatéd energy production in kWh
. MR =mill rating{ in dollars per kWh.

EXAMPLE: The total estimate energy was computed to be ET =

1,971,000 kWh. Assume that the utility mill rating is 35 mill per kWh, and
find the total estimated return.

35 mills = 3.5 cents = $0.035.

From Equation (4.3-2):

RT = ET X MR

RT = 1,971,000 x 0.035

RT = $68,985
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RT = $69,000 (rounded to nearest $1,000).

It costs money to use money. If you had $42,000, you could invest
that money and earn at least three times that much in 30 years. Likewise,
if you have to borrow $42,000, it would cost you at least 3 times that much
to use the money for 30 years. Therefore, the return on your investment

(total estimated return = RT) should be at least 3 times the total
estimated cost (Cp).
RT =3 x Cp (or more) . (4.3-3)
where

RT = return on investment

Cp = total estimated cost.

In the example, RT should be aﬁ least 3 times larger than $42,000,
or $126,000. Since RT = $69,000, which is considerably less than
$126,000, the preliminary economics are not favarable for the site.

Assume that the estimate of the total cost is high by 30%. Would the
site be economical then?

$42,000 x (100% - 30% = 70%)

$42,000 x 0.70 = $29,000

New Cp = $29,000.

From Equation (4.3-3), RT = 3 x Cp (or more), and 3 x $29,000 = $87,000.
Since $87,000 is still larger than $69,000, the site is probably not an
econcmical investment. Unless something can be done to reduce cost or

increase return, the site should be considered a no-go.

Another way for Category 2 developers to take a quick look at ecoromics
is to determine what mill rate (MR) will be required to break even
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(Investment = Return). To do this, take the total estimated cost (Cp),

multiply by 3, and divide by the total estimated energy.

< 1oooE: 3x %p (4.3-4)
where ’
Mé = required mill rate to break even
1000 = constant number to convert dollars to mills
3 = adjust total cost estimate
Cp = total cost estimate in $
h ET = total energy generated in kWh.

EXAMPLE: Assume that the total estimated cost was Cp = $29,000: and
that the total energy generated was 1,971,000 kWh, and find the mill ' g
rate required to break even.

From Equation 4.3-4:

1000 x 3 x p

Er

o o

_ 1000 x 3 x $29,000
- 1,971,000

44 mills per kWh, or 4.4 cents per kWh to break even.

In other words, a contract with a utility would have to be negotiated
for more than 44 mills per kWh.
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,/// CAUTION: The approaches presented in this subsection (4.3.1) are very
! crude. They should only be used for the roughest estimation of econ- omic
p feasibility. If the economics look halfway reasonable, it is advisable
- " ~ to proceed to a detailed design and cost estimate.

4.3.2 Design Criteria Selection

[f Subsection 4.3.1 has indicated that the project is worth pursuing
and that the investment capital is in a range that you can handle, now is a
good. time to review the financial section (Section 7.0) and formulate a
he turbine selection
should have been narrowed down to two or three manufacturers or suppiiers.
Befare selecting the turbine-generator, contact the developers listed at
the end of the Turbine-Generator Information Request form to see how their
equipment is performing and if they have encountered any unusual problems.
Get as much information as you can on the equipment. In particular, does
the unit produce the power (kW) it is supposed to, and is the unit reliable?
After gathering all the information you can, select the turbine-generator
unit on which you will base your final design criteria,

RN S

S 4.3

7




Net effective head of

Design Specification

from to

The design flow is cfs.
Turbine:

a. Manufacturer

b. Supplier

c. Type

d. Modei No.

e. Shaft speed at design head and flow
f. Diameter of turbine inlet

g. Diameter or dimension of outlet
h. Setting of turbine at throat

Speed increaser type

tailwater level.

ratio

input power

Generator:

a. Manufacturer

b. Supplier

c. Type

d. Model No.

e. Operating speed

f. Voltage phase

Wetted weight of equipment

Dimensions of equipment frame

Load diverter/governor:

a.
b.

an

Manufacturer

Supplier

Type

Model No.

4.3
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feet, or pool-to-pool head range

rpm
inches
inches
feet above minimum

pounds

feet




4.4 Intake System

The function of the intake system is to direct water into the penstock
or the turbine inlet., The intake system must also prevent trash or other

' foreign meterial from damaging the turbine. This section discusses water

quality and the major components of an intake system. The majority of the
writeup is directed toward run-of-the-stream developers. Those with canal
drops will be interested only in certain aspects of the run-of-the-stream
material. Existing dams are addressed in Subsection 4.4.3. If you are
using waste-discharge water, this subsection will probably not be appropri-
ate since you are more than likely cnnnécting to an existing dischar

The design of the intake system components depends on the amount of
water the system must hand]e; That amount of water is the previously deter=
mined flow design criteria. Equation (3-3) showed that the amount of water
is equal to the cross-sectional area of the stream times the velocity at

which the stream is moving:

Q=Axv (3-3)
where
Q = design flow in cfs (from Design Criteria in Subsection 4.3)
A =  cross-sectional area in ft
Y = velocity in fps.

In this section, you will determine the size of your intake system
components, The size is nothing more than the cross-sectional area, A.
Equation (3-3) can be rewritten to solve for A:

(4.4-1)
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tquation {4.4-1) will be used to design {(size) the intake system.

Engineers use more sophisticated procedures for relating velocity to
~arez for an open channel, but these procedures are beyond the scope of this
handbook. Conservative approaches will be used to calculate the needed
areas.

Working from the sketch made in Section 3, your next step is to deter-
mine what intake system components are needed and to size those components.
The components required will depend on the source and quality of the water
(how much silt the water carries).

$.4.1 Water Quality

Hydraulic turbines generally are designed for clean water, and they
operate best when only clean water is run through them. Potentially damag-
ing materials range in size from gravel and large sticks down to fine silt
and sand. Very large items will cause immediate damage when contacting the
spinning turbine runner, while the damage caused by silt and sand will
usually occur over longer periods of time. Silt and sand suspended in water
can wear away the internal surfaces of the turbine, resulting in declining
turbine efficiency.

Very large material, such as pieces of wood or gravel, can be removed
effectively with trashracks that do not allow material of a particular size
or larger to pass. The clear spacing in the rack is largely determined by
the maximum object size that will pass through the turbine without causing
damage.

The removal of silt and sand requires a different approach, since a .
screen fine enough to filter sand would often be clogged and would thus be
impractical. In general terms, the amount of material that can be
suspended in water relates to velocity of water and size of particles.

4.4
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Very fast water such as that present in a river at flood stage can keep
large amounts of material in suspension. Because the microhydropower plant
intake cannot filter the silt from the water, the system must be designed

to sufficiently reduce the velocity of the water to allow the suspended

material to settle out. This process involves the use of a forebay for a

run-of-the-stream sources and a reservoir for a manmade source.

A generating system fed by clear springs usually will not require an
extensive intake system. A simple forebay and penstock intake with trash-
rack may be adequate. For a stream that drains cultivated land and has a
high silt ioad, a larger forebay or a reservoir would be essential.

If you are uncertain about the water quality, take a clear bottle or
canning jar, fi1l it with water from the stream, and let it stand to see
what settles out. Noticeable settlement indicates that a forebay is
advisable.

The ultimate test of an intake system is to remain functional after a
large flood. A system that will stand the test of time and still deliver
the design flow is designed well.

The design and the components of an intake system are as varied as the
physical conditions of the site and the imagination of the developer. The
material presented here should be used as a guideline. It represents the
benefit of knowledge and experience gained by a number of engineers and
manufacturers,

Further discussion on intake systems is divided into two types of
sources:

0 Run-of-the-stream sources and canal drops

] Manmade sources such as existing dams and industrial waste
discharges, where appropriate.
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4.4.2 Run-of-the-Stream Sources and Canal Drops

Run-of-the-stream and canal drop developers must take water from a
flowing stream or canal and introduce the water into a penstock. The
intake system needed to do this may include the following components (see
Figure 2-10, Subsection 2.6).

. Stream-Diversion Works--Diverts the water from the stream into

the intake system.

. Settling Basin--Located near the diversion works, and used to

settle suspended material before the water enters the power
canal. The basin is recommended when the power canal is 1/2 mile
or longer.

) Power Canal--The power canal and intake canal carries water from
the diversion works to the settling basin or the forebay.

) Forebay--A settling basin designed to settle out suspended
material before the water enters the penstock.

[ Penstock Intake Structure--Provides the transition from the
forebay to the penstock. The structure also provides the frame-
work for the trashrack.

° Additional Hardware--e.g., skimmers, trashracks, stop logs, and

intake gates or valves. These are essential elements of an
intake system.

The intake system described in this subsection includes all the com-
ponents. Some layouts may be able to do without some of the components.
These alternatives will be discussed, .

After reading all the material on intake structures, it will be time

to finalize the design, check the design against the natural terrain, and
finally make a cost estimate. Before proceeding, review the sketch of the
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intake system made in Section 3. Are any changes to the preliminary design
contemplated? If so, make a list of the things you are considering. After
you are satisfied with the preliminary layout, proceed with this subsection.

4.4.2.1 Stream Diversion Works. The ideally designed diversion works

will direct the design flow out of the stream while allowing the stream-
carried debris to float on down the stream. The works must also function
equally well in low flow and high flow. Where severe freezing occurs, the
intake must be deep enough to prevent ice from restricting flow.

One form of diversion works or penstock intake is a dam across the
stream. A dam or a check may perform well on a canal, but can be a real
source of trouble on a stream. Unless properly engineered, a dam can easily
wash out, taking the penstock with it. There is also increased liability
to the developer if the dam washes out and causes water damage downstream.

.Experience has shown that a diversion works set at 90 degrees in
relation to the stream attracts the least amount of debris and is better
able to withstand the force and erosion effects of flood waters (see
Figure 4.4-1). Two modifications are made to the stream %tse1f, Gabion
weirs and deepening the channel at the intake. These and other features of
the works are discussed below.

. Gabior Weir--Two weirs should be placed in the stream on the
same side of the stream as the intake canal. To steer debris
away from the intake, an upstream weir should be placed 50 to 100
feet above the diversion. This weir should extend across approx-
imately 1/3 of the stream width. The upstream weir should be
angled downstream approximately 20 to 30 degrees. The second
weir should be downstream from the diversion at a distance approx-
imately two to three times the intake canal width. The down-
stream weir should be perpendicular to the stream bank, extending
across 1/2 the width of the stream. This weir facilitates the
diversion of water. The weirs are sﬁmp1y piles of large rocks
held together in bundlies with chicken wire or something similar.
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The bundles are stacked on top of one another in pyramid fashion.
The structures should be sized so that high water flows over the
top of the weirs (see Figure 4.4-2).

) Deepening the Channel--The advantage of deepening the channel at

the diversion is that the deeper pool reduces the velocity of the
Eo stream, .1imiting the amount of debris attracted to the intake.

| The deeper pool also reduces the effect of freezing. Ideally the
| dredging can be accomplished by a backhoe from the bank, and the
! deepened part can be cleaned out every few years.

|

Average
annual flow
S ‘

INEL 22321

Figure 4.4-2. Gabion weir.
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. Skimmer--At the entrance of the intake canal, a skimmer should be
placed and angled slightly downstream. See Subsection 4.4.2.6.1
for design and installation considerations.

° Riprap--Riprap consists of large rocks placed along the bank to
control erosion. If the material is available, the riprap should
be constructed with 8-inch~diameter or larger rock. It is recom-
mended that the riprap be placed at least 5 feet in each direction
from the corner of the diversion (see Figure 4.4-1). Since the
purpose of the riprap is to protect the intake structure from
routine erosion and floods, it should be piled at least 1 foot
higher than the high-water marks in the area.

s Berm--The berm consists of material dug from the canal, settling
basin, and forebay. The berm should be the same height as the

riprap.

4.4.2.2 Intake and Power Canal. The intake canal transports water

from the stream to the settling basin or the forebay. The power canal is
designed exactly 1ike the intake canal and transports water from the settl-
ing basin to the forebay. These canals must be designed large enough to
carry the design flow needed by the turbine. The recommended velocity in
the canals is 2 fps: When the velocity and the design flow are known, Equa-
tion (4.4-1) can be used to calculate the cross-sectional area of the canals,
provided that the recommended slope is maintained in the canal.

(4.4-1)

>
n
< O

Since the recommended velocity is 2 fps, the equation can be rewritten for canals:

_Q (4.4-2)
Ac=3
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where

Ac = area of canal in ft2
Q = design flow in cfs
2 = design velocity in canal in fps.

EXAMPLE: Assume that the design flow is 7.5 cfs; use Equation (4.4-2)
to find the area of the canal.

=9
Ac -2

_ 1.5
Ac T2

_ 2
AC = %.75 ft=.

Since the area of a canal is a product of width and height, two factors
should be taken into account:

] The flow must be attracted into the canal even during low stream
flow for Category 1, the intake at low stream flow must attract
the design flow for Category 2, the intake must not attract the
portion of stream flow that is required by the state to keep the
stream alive (state-imposed minimum stream flow).

) The deeper the canal, the smaller the freezing problem--
particularly if the flow in the canal must stop for some reason
during cold weather.

These two considerations dictate that the bottom of the canal should

be at least as deep as that of the natural stream. The exception to this
rule would be if the diversion works were located at a naturally occurring
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deep pool in the stream (an ideal situation). In this case, the canal
bottom should be well below the low-flow mark of the stream. For most
cases, the canal bottom should be set at or below the natural stream bottom.

The actual flow of water into the canal is controlled by the demand of
the turbine. A stop log wier check, described in Subsection 4.4.2.6.3, is
also used to control flow and water level in the canal.

The dimensions of the canal can be determined with the following steps.

. Estimate the depth of the design flow for the natural stream in
inches (see Figure 4.4-3): For Category 1, estimate the depth of
the minimum annual low flow. For Category 2, estimate the depth
of the design flow

) Use the estimated depth, along with the previously determined
canal area, in Equation (4.4-3) to determine the canal width.

W, =12 x £ (4.4-3) )
where

WC = width of canal in feet

AC = area of canal in ft2, from Equation in (4.4-2)

d = estimated depth of design flow in inches

12 | = number of inches per foot.

2

EXAMPLE: Using the previous example, AE = 3.75 ft~, assume that

the design flow depth is 15 inches; use Equation (4.4-3) to find the

canal width.




Maximum annual water ievel
Minimum annual water ieve!

=
Original
streambed
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?A-}’? Deepen channel

dq = Depth at which the estimated
low-flow value occurs for the
Category 1 developer

INEL 2 2317
da = Depth at which the estimated

design-flow value occurs for the

Category 2 developer

Figure 4.4-3. Estimating design flow for Category 1 and Category 2.

= Ac
W, = 12 x 3

_ 3.75
Wc = 3.0 ft.

An actual canal will probably not have rectangular sides like the
crosshatched area in the Figure 4.4-4. Therefore, the calculated width
should be the bottom width of the canal. The sides of the canal should be
cut back (angled out) so that the soil will stand freely without siuffing
into the canal. The angle at which the side stands freely is called the
"anale of repose." The additional area of the canal outside the rectangu-
lar crosshatch will compensate for the friction losses in the canal.
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d¢ = Depth of canal
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Figure 4.4-4. Canal cross-sectional area.
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Short canals can remain fairly level. Longer canals will require a
s1ight downward slope. Check with your local Soil Conservation Service to
determine the required slope. Setting the grade is critical and should not
be attempted without the aid of some type of leveling instrument (see
Subsection 3.4). '

CAUTION: If the power canal is long, snow melt or a heavy rainstorm
may put more water in the canal than the turbine can handle. This situation
could result in flooding the intake system. To reduce the effects of such
a flood, the canal should be equipped with an overflow spiliway fsee
Figure 4.4-5).

spillway

INEL 22325

Figure 4.4-5. Canal spillway.
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Also, it is very important that the top of the berm for the canal and
forebay be kept at the same elevation as the top of the diversion structure,
because if the penstock were closed, the water in the canal would seek the
same elevation throughout the intake system (canal, forebay, etc). If the
berm in the forebay were Tower than the overall water level, the forebay
would be flooded. If the canal is so Tong that it is not practical to keep
the berm at the same elevation, a series of stop logs should be used to
section off the canal.

After sizing the canal, make a sketch of the cross-sectional area of
the canal. Note the width (wc) and the total depth (dc)' The total
depth is the distance from natural ground to the bottom of the canal.
Figure 4.4-6 is a sketch of the example canal.

4.4.2.3 Settling Basin. A settling basin is recommended for sites

where the power canal will be 1/2 mile or longer. The purpose of the basin
is to prevent sediment buildup in the power canal. The basin slows the
water down and allows the settlement of the larger material (fine sands,
etc.) to occur in the basin. Periodically, the basin is flushed out through
a cleanout pipe.

A good rule of thumb is to make the basin four times wider than the
power canal, 2 to 3 feet deeper, if possible, and at least 90 feet long
(see Figure 4.4-7). If this rule is followed and the power canal is
designed for 2 fps, then the settling basin velocity will be less than
0.5 fps.

Thus,
Wo =4 xW, (4.4-4)
where

Ws = width of settling basin in feet

W = width of canal in feet, from Equation (4.4-3).
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12-in. corregated
metal pipe for
basin cleanout

Stream
diversion

Slide gate Make gradual transition
to power canal. The
transition should be
symmetrical.

2 to 3 feet deeper than

intake canal power canal
" P

e 90 f

more
Note: ,

The settling basin

should be near the
deversion structure,

The settling basin
is four times wider
than the power canal

W¢ = Width of
power canal INEL 2 2362
Figure 4.4-7. Diagram of settlingvbasin.

The key to keeping the basin functioning is to maintain the slow velo-
~ city and large volume in the basin. To accomplish this, the basin should
be equipped with a cleanout pipe. The pipe should be at least a 12~inch,
corrugated metal pipe that drains from the bottom of the basin. To control
flow in the pipe, some type of valve is required. A slide gate, as shown
in Figure 4.4-8, is possibly the simplest. Some developers actually have
the gate partially open to allow for continuous cleanout.

EXAMPLE: From the canal example, the width of the canal (wc) =
3 feet. Use Equation (4.4-4) to find the dimensions of the basin.
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Connection to corrugated
metal pipe

- Slide gate

Canal slide gates
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Figure 4.4-8. Flow control gates.

4.4-17




Ws =4 x Wc
Ws =4 x 3
WS =12 ft

Thus, the basin should be 12 feet wide and 90 feet long.

After determining the basin dimensions, make a sketch of the basin.
Figure 4.4-9 is a sketch of the example.

4.4.2.4 Forebay. Some type of forebay is required for all run-of-
the-stream sites. The forebay is a settling basin to protect the turbine
from suspended debris. The recommended velocity in the forebay is 0.25 fps;
therefore, the cross-sectional area of the forebay should be eight times
larger than that of the power canal (the velocity in the canal, 2 fps, is
eight times larger). It is advisable to maintain a depth-to-width ratio of
1-to-1 (the depth should be equal to the width), as shown in Figure 4.4-10.
This is not always possible'in areas where rock, shale, boulders, or other
obstructions limit the depth of excavation. In such cases, try to keep the
area at least eight times larger than the canal.

Since the area of the forebay is eight times larger than the canal,
Equation (4.4-5) can be written:

Ae =8 x A (4.4-5)
where

Af = area of forebay in fi‘.;2

A = area of canal in ftz, from Equatibn (4.4-2).

EXAMPLE: In the previous example, the area of the canal was computed
to be Ac = 3.75 ftz. Using Equation (4.4-5), determine the
~ dimensions of the forebay.
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does not have a square root (V) function, find the square (pro~
duct of a number multiplied by itself) that is closest to but
. Jarger than Af. For example, 5 x 5 = 25 and 6 x 6 = 36; there-
- _ fore use 6 x 6. Never use a width less than the canal width.

Assume in this example that you have a square root function on
. the calculator. The square root of 30 is 5.48. Therefore, the
ideal forebay dimensions would be 5.5 feet by 5.5 feet.

Now assume that in the area where the forebay is to be placed the
maximum available depth is only &4 feet; find the new forebay
dimensions. Since area equals width times depth and depth is
known, divide area by depth to get width:

W, = a_f (4.4-6)
£
where
(‘ We = width of forebay in ft
Af = area of forebay in ftz, from Equation (4.4-6)

df = depth of forebay in ft.
Therefore,
_ 30
We =1
. wf =7.5 ft

The forebay should be oriented with respect to the penstock so that
. the penstock can be kept as straight as possible. In most cases where a
power canal is used, the penstock takeoff will be placed at a 90 degree
angle to the canal on the downhill side of the forebay.

VR
\
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The length of the forebay should be at least 45 feet to allow suffi-
cient time for the fine sand, etc. to settle. Tf it is impractical to make
the forebay 45 feet long, make the length as long as practical, and widen
the forebay, if possible. The wider area will reduce the velocity and
increase the sett]ing time.

The forebay should also be equipped with a method for clean-out. The
simplest method is to install 12-inch corrugated pipe through the downhill
berm. The pipe should be placed on the bottom of the forebay. A slide
gate should be placed on the pipe to control flow.

A skimmer should be placed in the forebay ahead of the trashrack. The
skimmer should be angled to force the trash to the side of the forebay.
The skimmer is discussed in Subsection 4.4.2.7, Additional Hardware.

4.4.2.5 Trashrack--Although the trashrack is actually part of the
additional hardware, it is discussed separately at this point because the
trashrack must be sized before the penstock intake structure on which it is
mounted can be sized.

A tréshrack is an essential element of any hydropower project. Micro-
hydropower units in particular must be protected from trash carried by the
water. The rack must strain unwanted material from the water and yet have
enough openings to allow the design flow to pass through without significant
loss of head. The rack must also be strong enough to withstand water pres-
sure forced against it if the rack becomes completely clogged with trash.

A trashrack mounted on the penstock intake structure is shown in
Figure .4.4-11.

The design for micronvdropowar trashrachs varies widely. e evaiuic
2av design or your own Creation, two key pouints should be kept n mind,
) The open, clear area of the rack must be large enough to 3ilo”

the design flow to nass smoothly.
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Figure 4.4-11. Penstock intake structure cross-section.
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» The rack must be designed for easy, periodical cleaning without
interfering with the operation of the turbine.

Figure 4.4-12 and 4.4-13 are photos of two vertical slide-in racks,
set one behind the other. Figure 4.4-14 is a photo of a barrel-type trash-
rack connected directly to the penstock intake.

The simplest trashrack is made of bundles that can be easily handled
by one person. A typical bundle can be fabricated from 2- to 3-inch flat
stock bars (strap metal), shown in Figure 4.4-15. Most racks should be
made with bars 1/4-inch wide (very small ones can be made with 1/8-inch
bars). The bars can be fabricated into bundles typically 12 inches wide
with the bars placed vertical to the flow (see Figure 4.4-11). The length
can vary according to the site criteria (usually less than 10 feet for ecase
of handling). The clear space between the bars is the area that must be
designed to pass the design flow without causing significant head loss.

For microhydropower projects, the spacing can range from 1/2 inch to 1 inch
(see Figure 4.4-15). The smaller spacing is recommended for smaller turbine
units. Racks fabricated into bundles in this fashion can be removed indi-
vidually for repair, maintenance, etc. Keep a spare!a

Because the design area is the clear ‘area between the bars, sizing the
trashrack is not as simple as finding the area of the power canal or tne
forebay. The area of the bars must be added to the design area to obtair
the dimensions of the wetted area of the rack, the area submerced di~ir:
nurmal design flow (see Figure 4.4-16). And since the rack & sen at «f -
60 degrees, the area is based on that incline anqle. The stenc involue
are discussed in the paragraphs that follow.

a. XM Grover, "Site Selelnion and Turmioe Seroing "t Crore il
Quito, Ecuzdar. August 1980}, GSA Interpaticnal Covporavicn Varergh o v
1053¢
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Figure 4.4-16. Trashrack dimension diagram.




4.4.2.5.1 Trashrack Design Area--The design area is the clear,

open area in the rack through which the water passes. The design velo:ity

for a trashrack is 0.5 fps. Therefore, Equation (4.4-1), A = %, can be

rewritten for V = 0.5 fps:

Ayr = o _ | (4.4-7)

ADT = design area of trashrack in ft2

Q = design flow in cfs
0.5 = velocity through rack in fps.

EXAMPLE: As in the previous example, the design flow is 7.5 cfs.
Find the design area of the trashrack.

A - _Q_

DT 0.5

1.5

AoT * 075
- 2

MOTE: Since 0.5 fps is four times smaiier than the velocizy of ths

pewer canal (2 fps), the design area tor the rack is four times the grea t?
2 2y
i

~amn” ’ - 2. & ; R
the o Tana. (AD] = 15 L7 and A= 3.7 7t

C

La=23

P




4.4.2.5.2 Llength of Trashrack Wetted Area--The length of the
wetted area is the length of the rack set in the incline (see
Figure 4.4-16). To calculate the length, the depth of the water on the

rack must be estimated. The water depth is equal to the depth of water in
the forebay less any difference in elevation between the forebay bottom and
the intake structure bottom. In most cases, the two bottom elevations will
be the same; then_the previously determined forebay depth (df) can be

used directly.

L = % (4.4-8)
Ww sin 6
where
Lw = length of the wetted area of the trashrack in feet
dt = depth of water in the intake structure equal to df
(from Subsection 4.4.2.4) less the difference in elevation
between the bottom of the forebay and the intake structure
sin 8 = trigonometric function of the angle of incline of the

trashrack, usually 45 or 60 degrees.
Since the recommended angle of incline is either 45 or 60 degrees, and

since sin 8 for these angles is 0.707 and 0.866, respectively, Equa-
tion (4.4-8) can be rewritten as follows:

d
by = 57%57' for 45-degree incline (4.4-8a)
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d
Lw = 6?%35' for 60-degree incline (4.4-50}

EXAMPLE: From the previous example, the depth of the forebay is
4 feet. Find the length of wetted trashrack for 45- and 60-degree
angles.

From Equation (4.4-8a) for a 45-degree incline:

o
Ly = 57707
L =5.6 ft
w

From Equation (4.4-8b) for 60 degree incline:

4
Ly = 07866
L, = 4.6 ft

4.4.2.5.3 Nominal Width--The nominal width is the width of the
design area (clear area). It does not consider the width of the metal bars

The following equation is used to compute the nominal width:

DT ‘ (4.0-5,

=20

o U

£




where

WN = nominal width of the wetted area in ft
ADT = design area in ftz, from Equation (4.4-7)
Lw = length of the wetted area in ft, from Equation (4.24-8)

EXAMPLE: Assume from the above that Lw = 4.6 ft and that
2

Agp = 15 Ft&. Find Wy.
- 15
W71
Wy = 3.75 ft.

The nominal width must now be corrected to account for the width of
the bars.

4.4.2.5.4 Width of the Trashrack--To find the width of the
trashrack, the area of the metal bars in the rack must be added to the

design area. This is difficult to determine since the total width is not
known; therefore, the number of bars is not known. The only thing that is
known is the area of the openings between the bars (design area). It was
previously recommended that all racks be made with 1/4-inch bars (except
for very small units, which can be made of 1/8-inch bars). For racks made
with 1/4-inch bars, the following ratios can be used to compute the
trashrack width:

¢  For 1/2-inch clearance between bars, the ratio is 3 inches of
‘rack width for every 2 inches of opening: r = 1.50.
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] For 3/4-inch clearance between bars, the ratio is 2 inches of
rack width for every 1-1/2 inches of opening: r = 1.33.

] For 1-inch clearance between bars, the ratio is 5 inches of rack
width for every 4 inches of opening: r = 1.25.

For very small racks, when 1/8-inch bars are used, only a 1/2-inch opening
between bars should be allowed.

. The ratio is 5 inches of rack width for every 4 inches of
opening: r = 1,25,

Now the width of the trashrack can be computed using the correct ratio:

WT = r X wN (4.4-10)
where
WT = width of the trashrack in ft
)
r = ratio of total width to clear area width }
WN = nominal width in ft, from Equation in (4.4-9).

EXAMPLE: From the previous example, WN = 3.75. Assume that the
rack is constructed of 1/4-inch-wide hars with 3/4-inch openings.
Find the width of the trashrack.

WT =rx WN
W_ =

w? = 5 ft.

7= 1.33 x 3.75




—~—

4.4.2.5.5 Bundle Size--To size the rack bundles, you must use
the wetted dimensions of the trashrack. (Lw = length of wetted area, and
WT = width of trashrack, as shown in Figure 4.4-16).

° Width of Bundle--Divide the trashrack width (WT) into
convenient widths, each approximately 12 inches wide. This sets
the width of the bundle and the number of bundles. (Remember, it
is advisable to have an extra bundle.)

] Length of Bundle-~The length i§ the sum of the wetted length
plus the extra length required to bring the rack to the top of
the intake structure. Figure 4.4-11 shows the rack extended to
the walkway so that debris can be easily raked onto the waikway.

To determine bundie length, go back to the forebay section
(Subsection 4.4.2.4) and determine how high the top of the berm is above
the design flow level. Add 6 inches to 1 foot to that distance so that the
intake structure is above the berm. This distance is the additional height
required for the bundle to reach the top of the intake structure (see '
Figure 4.4-16). The distance will have to be divided by the sin 6 of the
angle, as was the case for Lw [Equation (4.4-8)]:

L. = A : . (4.4-11)
A sin 8
where
LA = additional length in feet
HA = additional height in feet
sin 8 = trigonometric function of the angle of incline of the

trashrack, usually 45 or 60 degrees.
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As with Equation (4.4-8), the equation can be rewritten for 45- and
60-degree inclines:

-

H
Ly = 5?%57’ for 45 degrees (4.4-11a)
H (4.4-11b)
LA = 0.866, for 60 degrees. :

EXAMPLE: Determine the length and width of trashrack bundles from the
previous examples, where WT = 5 feet, and Lw = 4.6 feet for a
60-degree angle of incline. The forebay berm is 2.5 feet above the
design flow level. '

Width of Bundle: 5 feet total; therefore make six bundles, each
one foot wide (one extra bundle).

Length of Bundle: The design intake structure is 6 inches above
the forebay berm; therefore, HA =25 ft + 0.5 ft (6 in.) =

3 ft.

From Equation (4.4-11b) for a 60-degree incline:

My
Ly = 5868
3
Ly = 5866
LA = 3.5 ft

4 4=34




LT = Lw + LA (4.4-12)
where
LT =  total length of bundlie in feet
Lw = wetted length of bundle in feet, from
Equation (4.4-8)
LA = . additional length of bundle in feet, from

Equation (4.4-11)
LT =46 +35ft=8.1ft.
Add a few extra inches so that the rack will be above the
walkway, say to a total of 8.5 feet. Make the rack bundle 1 foot

wide and 8 feet 6 inches long.

4.4.2.5.6 Trashrack Supports--Figure 4.4-17 shows some typical

supports for the rack bundles. Each bundle can easily slide into its
frame. The frame should be spaced with inside dimensions at least 1 inch
wider than the bundle. This will heip to ensure that the bundle does not
bind in the frame.

The frame is constructed with 2- to 3-inch angle iron as shown in the
figure. A1l connections are welded except where they are bolted to the
intake structure.

4.4.2.5.7 Width of Trashrack Support Structure--The sum of the
bundle widths plus the additional width required for support frames equals

the width of the trashrack support structure.

EXAMPLE: From previous examples, W, = 5 feet; five bundles require

t
six frames. Allow 2-1/2 inches additional width per bundle.
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Figure 4 4-17. Penstock intake structure, showing typical trashrack
supports, cleanout pipe, and wing walls.

Therefore, 6 x 2.5 = 15.- Add an additional 15 inches to the width of
the bundles. Thus, total width = 6 feet 3 inches.

4.4.2.5.8 Length of the Trashrack Support Structure--The lengt::

of the trashrack support structure Ls, in Figure 4.4-16. can be found &
multiplying the total length of the trashrack by the cosine of B.

L = cos B x LT : (4.4~

-

length of intake structu-e reguived for trashvask i fei

- = total lencth of trazhrack in feet




cos 8 = trigonometric function of the angle of incline of the
trashrack, usually 45 or 60 degrees.

.Rewrite Equation (4.4-12) for 45~ and 50-degree angles of incline:

—
]

0.707 x Ly, for 45 degrees (4.4-13a)

—
1

0.5 x LT’ for 60 degrees. (4.4-13b)

EXAMPLE: Assume that L = 8.1 feet and that the angle of incline is
60 degrees. Find LS from Equation (4.4-13b).

,_
H

0.500 x 8.1

Ls = 4 ft.

o

4.4.2.6 Penstock Intake. The penstock intake provides a transition
from the forebay to the penstock. The structure provides the following
functions:

0 Anchors the penstock

® Provides a framework for the trashrack and gates

) Diverts the water into the penstock.

The intake design will vary with each site. The size of the structure
is dictated by the size of the trashrack; therefore, the trashrack

dimensions must be determined as outlined in Subsection 4.4.2.5 before
proceeding with the penstock intake.
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The penstock intake structure generally will be constructed of
concrete and should have steel refnforcement. If the structure is to be a
large one, engineering services should be considered for design of the
reinforcement. Figure 4.4-11 shows an example of a cross section of an
jntake structure. Points that should be considered in the design of a

structure are:

s Bracing for the trashrack should be poured into, or attached to,
the structural concrete.

] A walkway should be permanently attached above the rack to allow
for cleaning of debris from the rack without interference of
other equipment.

. A cleanout pipe is advisable.
» The penstock connection must be solidly mounted to the structure.

) Although not essential, a conic:-  senstock intake provides a
smoother water flow than does the butt end of a pipe and,
consequently, loses less energy.

] The penstock intake should be far enough from the bottom of the
structure to prevent the penstock from picking up debris off the
bottom.

° The top of the penstock intake should be 1-1/2 pipe diameters
below the Tow-water elevation. In areas where surface ice is 2
problem, the intake should be below the normal ice level.

CAUTION: The area at the top of tha intake structure briwein wio
.vazihrack support and the siruzture's backwall should be sealed ofi ac =..
times. The 2 x 12 wooden plank walkway shown in Figure 4.4-17 should bLe
bolted down to prevent small animals or people from accidentiy failing i -

the water behind the trashrack and getting sucked into the penstnck.




After the trashrack is sized, determine the dimensions of the intake
structure. The width of the intake structure is the same as that of the
trashrack support structure, which was determined in Subsection 4.4.2.5.7.
~The length of the intake structure is equal the length of the trashrack
support [Ls’ from Equation (4.4-13) in Subsection 4.4.2.5.8] plus the
additional length required to allow an adequate trashrack cleanout area
(see Figure 4.4-11). Usually 3 or 4 feet is sufficient for a working area.

EXAMPLE: From the examples in the trashrack section, the total width
is 6 feet 3 inches; the length for.rack supports is 4 feet. Find the
dimensions of the penstock intake. Add 3 extra feet for cleanout to
the length, for a total length of 7 feet; the width remains 6 feet,

3 inches.

The penstock intake should be constructed of reinforced concrete.
Where the concrete will be poured in more than one step, use commercially
available water stops in the concrete. Water stops are long strips usually
made of rubber 8 to 12 inches wide. Half of the width is placed in the
first pour and the other half is cast into the next pour. Lumberyards
should have this material or something similar.

Water will tend to seep between the concrete and the earth fill around
the structure. If the seepage is large enough, the earth fill will be
washed away from the structure. To prevent this, increase the length of
the seepage path by adding wing walls (see Figure 4.4-17). The length of
the wall depends on the depth of the forebay. A rule of thumb would be to
make the wall as long as the forebay is deep.

Make a sketch of the forebay and penstock intake for your site.
Figure 4.4-18 is a sketch of the sample site, and Figure 4.4-19 is an
artist's drawing of the same figure.

NOTE: For smaller intakes, the cleanout walkway can be located behind

the back wall, as shown in Figure 4.4-19. (Tnis feature is also shown
in Figure 4.4-22.)
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Figure 4.4-19. Forebay and penstock intake.

4.4.2.7 Additional Hardware. The following additional hardware
items will be a part of most installations.

4.4,2.7.1 Skimmers=-A skimmer is a floating log or something
similar that skims trash floating on the surface, preventing further
passage. At the diversion works, it prevents stream trash from entering
the intake canal. In the forebay, it prolongs the timespan between
trashrack cleanouts by diverting debris floating on the surface.

4



The skimmer should be set at angle to the stream flow. By angling the
skimmer, the trash is forced to the downstream side and can easily be
removed. Figure 4.4-20 shows a typical skimmer layout. The skimmer floats
between iwo anchor posts on each side of the canal. Some authorities
recommend that the skimmer be anchored down to prevent trash from working
under it.

4.4.2.7.2 5top Log Weir Check--In the canals at some location

close to the entrances, a stop Tog weir check should be constructed. The
check must be constructed properly so that the logs can be easily inserted
in the case of an emergency. Two concepts for a stop log check are shown
in Figure 4.4-21. One is made of logs and the other of poured concrete.
Either method will serve the purpose equally well. The logs are stacked in
the check so that they are readily available for use by pulling the pin. A
canvas or a sheet of plastic placed in the canal upstream from the logs
will settle against the logs and form a seal to stop any remaining seepage.

As a weir check, the water level in the canal downstream of the check
can be controlled by raising or lowering the logs to restrict the canal

opening.

4.4.2.8 Alternative Layouts. It is not always physica]]y possible

to construct an intake system as previc.sly described. Whatever the
configuration, the intake must take water from the stream and introduce it
into the penstock. Figures 4.4-22 and 4.4-23 show two alternative intakes

for a run-of-the~stream project in a narrow canyon.

4.4.3 Existing Dam Intakes

A suitable intake at an existing dam might be an open flume simiiar -
that shewn in Figure 2-12, where the water enters the flume Liicigh ¢
wreshrack, flows into the turbine, and exits through the faiira.¢. Another
methed is a penstock penetrating the dam; a third possibility is an upen
mill-ace (small wood or concrete-lined canal) that diverts the water 10 &

water wheei or turbine intake.
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Figure 4.4-20. Typical skimmer layout.
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Figure 4.4-22. Alternative layout for intake system.
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Figure 4.4-23. Alternative layout for intake systes.

Jf tne dam does not have one of the above features, scue mzzhed «l.
have to be devised to channel the water over, around, or througn the dam 1~
a form that can be used for power production. A siphon penstock is a
possibility for moving water over the dam. To move it through tne dam, ths

dam may nove to be medified. Any modification to the structure of an
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existing dam should not be attempted without the direction of a
professional engineer who has had experience in such modifications.
Channeling the water around the dam would require a power canal that would
take water out of the stream far enough above the dam so that the canal and
penstock intake is above the dam crest. This type of system would use the
run-of-the stream intake discussed in the preceding section.

4.4.3.1 Open Flumes. A dam with an open flume that dumps into a
tailrace can have a turbine set between the two. There would be no
penstock, but the system should include a trashrack (Subsection 4.4.2.5)
and a stop log (Subsection 4.4.2.7).

4.4.3.2 Siphon Penstock. A siphon hydropower project works just

Jike any other siphon. The penstock is run over the top of the dam, routed
down the back of the dam, and connected to the turbine just above the tail
water elevation. Siphons have a limit on how high they will 1ift water.

If the 1ift is much more than 10 feet, a professional engineer should be
consulted.

The siphon penstock should be located to one side of the dam to
minimize exposure to floods. The siphon elbow (the bend that goes over the
1ip of the dam) may freeze in very cold climates because the pressure is
Tower at that point, and the freezing point will be slightly higher than
normal. Most freezing problems can be sclved by insulating the elbow.

The intake should be equipped with a trashrack similar te that in
Figure 2-13. To compute the area of the rack, follow the procedures given

in Subsection 4.4.2.6. If the first design for the rack results in a rack
that is too large, the velocity can be increased to as high as 2 fps.
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4.4.4 Design Layout

After you have decided on the type of intake, make a sketch or
sketches of the system. As much as possible, make the sketches to scale
and identify dimensions, materials, quantities, and anything else needed to
ensure that all important points and cost factors have been considered.

If earth work is involved and you plan to hire the work done, the cost
is generally based on an hourly rate or on the amount of material (earth)
moved. The hourly rate and estimated number of hours will have to be
obtained from a local contractor. If the cost is per yard, you should
estimate the yards involved to verify the contractor figures.

3 3

1 yd™ =27 ft

To compute the volume in yards of material, first figure the volume in
cubic feet, and then divide by 27:

V= —=5— (4.4-14)
where

v = volume in cubic yards

L = length in feet

W = width in feet

d = depth of the excavation in feet

27 = number of cubic feet per cubic yard.

The volume of the material in a truck is 20 to 30% larger thap the
material volume was in the ground. The contractor will usually nrice the
volume on the basis of what is in the truck. Therefore, if you buy
material, muitiply the computed volume from Equation (4.4-14) ¢y 1.3 Lo
estimate cost.
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If concrete work is involved, the total number of cubic yards should
also be computed. Small amounts of concrete can be prepared from ready-mix
bags; for large amounts, consider either a portable concrete mixer or

ordering direct from a ready-mix company.

Estimate the materials and cost, including labor cost. These figures
will be added to the other costs determined in Section 5 to arrive at a

total project cost estimate.
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4.5 Penstock and Valves

The penstock is a pipe that carries water from the intake to the tur-
bine. Most microhydropower systems will inciude some type of penstock.
' Depending on the site characteristics, the penstock length may range from a
few feet for manmade structures to several hundred feet for some run-of-the-
stream sites. The exception is the manmade structure with an open flume
(Figure 2-12). This type of site has no penstock. Developers with an open
flume leading to the turbine can proceed to the next section. This section
discusses location, design, and installation of the penstock and its
associated valves.

If you have received a penstock recommendation from the turbine manu-
facturer, you should contact suppliers to obtain pipe specification and
pricing information. If you plan to follow the turbine manufacturer's
recommendation, you should review the contents of this section before
ordering the pipe in order to facilitate making a design layout of the
penstock and to make sure that you have considered all materials and costs.

4.5.1 Locating the Penstock

Run-of-the-stream developers determined a preliminary routing for the
penstock in Section 3.4 Manmade sources generally do not a]]ow.much lati-
tude in penstock routing. The developer using an existing dam has the
option of a siphon penstock (Figure 2-13) or a power canal routed around
the dam (see Subsection 4.4.3). Any modification to an existing dam is
beyond the scope of this handbook.

In general, the optimum penstock is as short, straight, and steep as
practical and has a continuous downward gradient. A power canal can be
constructed to divert the water to give the best penstock alignment, (see
Subsection 4.4.2). These characteristics will minimize construction costs
and friction loss. -
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The following are some of the major factors that must be considered in
selecting a penstock route:

Accessibility. The route should be accessible to personnel and
equipment required for pipe installation, inspection, and main-
tenance. In those areas where equipment access is difficult or

impossible, installation and maintenance must be performed
manually.

Soil Conditions. Soils along the pipeline should be examined to
identify rock outcroppings, soft or unstable soils, or other
characteristics that would interfere with penstock installation
or damage the penstock.

Natural or Man-Made Obstructions. These include trees, roadways,

buildings, stream crossings, and other features that require
special care.

Gradient. The penstock is best routed to take advantage of the
natural downward gradient. If the line cannot be located so as
to have a constant downward gradient, an air relief valve or
equivalent device is required at every local high point, and a
drain valve is required at every local low point.

Above- or Below-Ground Installation. A buried penstock has

certain advantages over an above-ground installation. Anchoring
and supporting the pipe are simplified, ultraviolet radiation
effects on PVC pipe are eliminated, and the effects of weathar
(thermal expansion, freezing) are reduced. In addition, phyvsica’
damage to the pipe from fa11ing rocks and trees or other source:
is also prevented. On the other hand, an above-ground nipe wii]
have = lower construction cost, may allow for more direst rouii~ -
(fewer bends), and is readily accessible for inspectior or renii..
Another é]ternative is to have a combination of above- and balow-
oround installation.
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4.5.2 Design Layout

To work with the penstock sectinn, you will find a sketch of the pre-
. | posed penstock routing helpful. In Subsection 3.4, the routing was sur-
.veyed. Take the information from that survey and on a sheet of graph paper
sketch out the routing. Figure 4.5-1 is an example of such a sketch. You
are encouraged to make a similar sketch of your site as well as an eleva-
tion view to confirm grades and elevations.

The sketch is helpful in identifying the number of elbows needed, in
determining where the penstock will be above or below ground, and in
locating anchors and thrust blocks (Subsection 4.5.5), etc. The sketch
will also be heipful in the rest of this section for such items as estimat-
ing the cost of outside help, additional equipment, total material
requirements, etc.

4.5.3 Material Selection

The turbine manufacturer may have recommended a certain material for
the penstock. You may want to consider other material that might be less

( expensive. The most common penstock materials include:
® PVC (polyvinyl chloride)
) Steel
® Polyethylene
) FRE (fiber reinforced epoxy)
» ) Transite (asbestos cement).
For each of these materials, you must consider a number of factors:
) . Cost
: . Availability
N
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Pt

. Physical preperties (friction, strength, chemistry)
] Joining methods and installation Timitations.

These factors are greatly influenced by a number of local and special
conditions that are beyond the scope o

observations, however, are in order.

Material costs vary with season, general economy, raw material
ati

an

U3

surpluses or shortages, loc

or shorta ges, and other factors.

In some cases, used pipe materials may be lccally available. Theair
use can reduce material costs, provided that the pipe is in satisfactory
condition. You should attempt to establish the history of the pipe (length
of service, material carried, maximum pressures) as well as to evaluate the
uniformity of dimensions and wall thicknesses. Visual inspection of the
stockpiled pipe is also recommended.

Material availability relates to manufacturing, marketing, and local
economic demand. Certain materials are available only in specific size
ranges. The head and flow conditions encountered will dictate the physical
properties required in the material to be used and will thus influence the
cost.

Each material alternative is governed by specific joining and installa-
tion requirements. Joining methods that require special skills or equipment
will tend to increase canstruction costs. In addition, certain materials
are not recommended for above-ground installation. In most instances, and
especially for above-ground installations, some form of restrained joint
will be required. Restrained joints include welding, concreting, or flang-
ing of pipe to prevent joint pullout when the penstock is pressurized.
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4.5.4 Penstock Sizing

A satisfactory penstock diameter depends on three factors:

° Energy (head) losses due to friction between the watar flowing in
the pipe and the inside pipe wall

) Pressure limitations of the pipe as a function of wall thickness
. Cost of the pipe and installation.

For a given flow rate, as the pipe diameter decreases the velocity of
the water must increase, and the corresponding energy loss increases. This
occurs because friction is a function of velocity. As velocity increases,
friction increases. On the other hand, a larger pipe diameter would mean a
decrease in velocity and a corresponding decrease in friction (head loss).
The cost of the pipe however, increases drastically with the increase in
size. The procedure presented here will help you balance energy loss with
pipe size, material, and wall thickness. A velocity of 4 fps is recommended
for the initial penstock design. Once the proper pipe size is selected,
the material and installation cost can be evaluated to select the best buy.

The energy losses associated with friction can be expressed directly
as feet of head loss.

EXAMPLE: Assume that a site has a measured head of 112 feet and that
the developer calculates the energy loss in the penstock system ac

8.6 feet. The actual head available to produce energy is not 112 :ect
but 103.4 feet (112 - 8.6).

Friction losses in the penstock system represent energy that is nc’

¢vaiiable for power generation.

4.5.4.1 Selecting Pipe Diameter. The first requirement 7a= ciziy

pensiock is to select the proper pipe diameter, using the desicr tloy 10
Stheection 4.3, Figure's 4.5-2 and 4.5-2 are graphs to heip iu wilire 100,
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selection. A range of flow values is shown at the bottom of each grapn.

If the design flow is between 0.1 cfs to 10.0 cfs, use the first graph, and
if it is from 10.1 cfs to 100 cfs, use the second graph. Consult the
manufacturer if the desiges flow is more than 100 cfs.

1. On the appropriate graph, find your design flow.

NOTE: The graph is on log paper. The range of flow values
is marked with brackets (i.e., 0.1 cfs to 1.0 cfs). As
examples, flow readings of 0.32 cfs and 7.2 cfs are shown
with small arrows at the bottom of the graph on Figure 4.5-2.

2. Draw a vertical line up from the design flow value to the recom-
mended velocity tine (the 4 fps line running diagonally line from
the upper left corner to right center). The intersect point with
4 fps will be bracketed by two pipe diameter lines (diagonal lines
running from the upper right to the lower left). Either of the
bracketing penstosck sizes can be used, but it is recommended that
the larger size be selected to keep velocity (and head loss) low.
Lower velocity will also result in less water hammer. A penstock
head loss of 5 ta 10% of the pool-to-pool head can be a reasonable
design starting point.

The actual velecity of water in the penstock will be the point at
which the vertical 1ine representing flow intersects the selected
pipe size line and will probably be slightly lower than 4 fps if

the larger pipe size is chosen,

EXAMPLE: Referring to Figure 4.5-4, assume a design flow of
4 cfs. From 4 cfs (Point 1), draw a vertical line up to the
4 fps line (Point 2). Select the larger of the pipes--in
this case, the 14-inch diameter pipe (Point 3). At Point 3,
the velocity of 4 cfs in the 14-inch pipe can be estimated
as 3.7 fps (Point 3 is approximately 0.7 of the way between
3 fps and £ fps).
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3. From the pipe size intersect (Point 3), draw a horizontal line to
the left side of the graph. The numbers on the left side of the
graph represent the head loss per 100 feet of pipe length.

EXAMPLE: From Point 3, draw a line to the left side of the
graph (Point 4). At Point 4, read the head loss factor as
0.34 ft per 100 feet of pipe. The actual loss depends on
pipe material.

4. Record the penstock diameter and actual velocity (Point 3 in the
example) and the friction loss factor (Point 4).

4.5.4,2 Selecting Pipe Material. It is now time to consider various

pipe material alternatives so that the actual friction losses can be calcu-
lated. Virtually any of the materials previously discussed can be used,
but experience indicates that two materials, PVL and steel, stand out as
the most T1ikely choices for the greatest number of installations. As pre-
viously stated, local and site specific factors can influence material
options and must be considered.

The selection of pipe material and pipe wall thickness depends on the
pressure that the pipe will experience. There are two types of pressure to
be considered:

) Static pressure, which is the pressure at the bottom of the pipe
when the pipe is filled and the water is not flowing.

(] Pressure waves, which are caused when the amount of water flowing
is suddenly changed, as by opening or closing a valve.

- Static pressure depends on the head in the penstock. Pressure waves
depend on how fast the flow changes in the penstock.

- To aid in determining the design pressure rating of the penstock and

» selecting the suitable pipe material, Table 4.5-1 lists the wall thickness
(tw), pressure rating (PR), and surge allowance factor (SA) for several
sizes of commonly available pipe materials.
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TABLE 4.5~1.

PIPING ALTERNATIVES

!

Pipe size— 4in. 6in. 8in. 10in. 12in. 14in. 16 in. 18in. 20in. 24 in2
Fir materlal § | by | PR |Salltw | PR Sall'w (PR [Salltw [ PRISA |l 'wiPrISAlllw PR Sall twlPrISaltw [ Pr[SA]l tw | PR Salltw [ PrlSA
0.2411400] 57 J0.28]12001 56 | 0.25{800 | 54 [|0.25] 6401 52 }|0.25| 540} 51 Fo.zs 490 | 50 |o.25 430] 49 §0.25/380 |48 |l0.25| 340 47 [0.25] 280 45
Steel v.a2 l1100] 56 l{o.37]1030] 55 |[1.38] 890} 54 |l0.38] 810 { 54 [j0.38{ 710} 52 §0.38| 630 52 ||0.3B{570| 51 [{0.38) 470
0.41[1000| 55 |{0.44] 970 | 55 [0.50| 990| 55 J0.50]880 | 64 [|0.50 790| 53 {}0.50| 660
0.59/950| 54 {|0.69]940] 54
0.111 100} 12 fo.16{100 {12 {l0.21|100| 12 ||0.26| 100] 12 }§0.31} 100 | 12
- PVC pressure pipe
VG ‘:’;;2"“’;’2;' 017} 160 | 15 {o.25} 160 | 15 [Jo.33}180 | 15 {|o.41}160( 15 ||0.49] 160| 15 | not available
0.26{250 | 18 [|0.30] 250 | 18 l|0.51]250 | 18 {{0.63] 250 18 Jjo.75|250 ] 18
0.265 100 | 9 llo.3s] 1001 9 Jlosi]100| 9 Jlo.63}100] 9 JJo.75|100{ o [{lo.82] 100| 9 |lo.9osj100| 9 f1.06}100( 9 }1.12{100( O 1.41j100] 9
PE (polyethylene) 0.41{160 | 11 llo.s0] 160 11 Jo.7a|160 | 11 {lo.gs| 160] 11 {[1.16] 160 11 [[1.27] 160} 11 [{1.46]160 11 }1.84] 160 11 1.81{160 { 11
062} 2501 13 Jo.91f250| 13 {{1.181250 | 13 ||1.47]250] 13 |[1.75] 250| 13 [}1.92{ 250 { 13
032} 100] 41 llo.46l 1001 41 lo.se] 1001 20 [lo.62| 100] 20 {lo.72[ 100 38 [|0.74{ 100 | 38 [|0.83] 100} 37 Jo.95|100| 37 |1.06]100 | 37 |{1.24|100
A-C {tansite—
asbestos 0.41] 150] 44 los3l 150} a3 Jlo.ea| 150] 41 [lo.83} 150] 42 Yfo.o6{ 150 | 41 {[1.11] 150 | 41 jl1.23] 150] 41 J1.47] 150] 42 {|1.64{ 150 | 42 |{1.98 {150
cement)
0.41t200 | 24 llo.eel 200 45 {{0.81] 2001 45 l1.02| 200] 45 ||1.18} 200 44 [[1.38] 200 } 44 [l1.57| 200{ 44 J2.09|200{ 45 }{1.08|200| 45 [|2.81]200] 45
0.67!225] 17 [1.11250| 16 [|0.14] 226 | 16 0.181225| 15 [lo.21]| 225| 15 {|0.26] 225 { 15 ||0.29| 226] 15
FRC ifiber !
reinforced s
Loyl f
1 )
i |
S
a Apove 24 inches, see maaufacturer INEL 2 1975




The procedure for determining penstock pressure rating (design
pressure rating) is as follows:

Using the total design head determined earlier in Subsectioﬁ 4.3,
establish the static head on the penstock. From the relationship
developed in Subsection 3.4.1 (1 foot of heat = 0.433 psi), the
static pressure can be determined by using Equation (4.5-1).

$§=0.433 x h (4.5-1)
where

S = static pressure in psi

0.433 = converts feet to psi

h . = UYesign head in feet.

EXAMPLE: Assume that the head in Figure 4.5-1 is 325 feet.
Use Equation (4.5-1) to find the static pressure in the
penstock at the turbine.

S = 0.433 x h
S = 0.433 x 325
S = 141 psi.

. Using the penstock diameter previously established, select frcm
‘Table 4.5-1 one (or more) potential pipe materials and select the

tw’ PR, and SA factors for these materials.

NOTE: Se]ect these factors for a pressure rating value (PR)
greater than the static pressure determined in Step 1 above. If
the head is large, the pressure value should be significantly
larger than the static pressure.

4.5-13
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EXAMPLE: Assdme a l4-inch pipe and static pressure of
141 psi. Select pipe materials from Table 4.5-1.

Steel: Al1 have a PR greater than 141 psi.

PVC: Not available.

PE: The PR is above 141 psi for both 1.27 and 1.92 tw’
but only the 1.92, with a PR of 250 psi, is

significantly above 141 psi.

AC: The PR is significantly above 141 psi only for the
1.38 tw’ with a PR of 200 psi.

FRP: The 0.26 t, has a PR = 225 psi.

_ Therefore, consider the following pipe material and thickness:

Steel: ty = 0.25, PR = 490, Sp = 50

PE: t, = 1.92, PR = 250, SA =13

AC: t, = 1.38, Pp =.2Q0, SA = 44

FRP: t, = 0.26, Pp =225, §, = 15

3. For each pipe material selected, use Equation (4.5-2) to determine

the penstock design pressure (Pd).
Py =5+ (S5 x v) ' (4.5-2)
where

Pd = penstock design pressure in psi




S = static pressure in psi, from Equation (4.5-1)
SA = surge allowance factor from Table 4.5-1

v = velocity of the water in the pipe in fps, from
Figure 4.5-2 or 4.5-3.

NOTE: To use Equation (4.5-2), multiply Sy and v before
adding to S.

EXAMPLE: From the previous example, S = 141 psi, and from
Figure 4.5~4, v = 3.7; use Equation (4.5-2) to find the

design pressure for the pipes to be considered.

Pg = S+ (S x V)

Steel: Pd 141 + (50 x 3.7)
141 + 185
326 psi

0
i

PE: Pd 141 + (13 x 3.7)

Pd = 189 psi

AC: Pd = 141 + (44 x 3.7)
Pd = 303 psi

FRP: P_j = 141 + (15 x 3.7)

Pd 196 psi

4. The design pressure rating, PR’ must be greater than the Pd
value for the material and wall thickness selected. If it is
not, recalculate the design pressure using the next thicker wall,

or select another material.
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EXAMPLE: From Steps 2 and 3 above, the following is known:

Steel: P

RS 490 psi, P 326 psi

d

PE: PR = 250 psi, Pd = 189 psi

AC: p

R ™ 200 psi, P 303 psi

d

FRP: PR = 225 psi, P

d 196 psi

Since the PR is larger than the Pd for steel, PE, and
FRP, these materials can be used. AC, with a PR smaller
than the Pd’ cannot be used in this example.

For pipe materials and wall thicknesses not incliuded in Table 4.5-1,
you should contact the pipe supplier for the necessary information. The
data from the supplier will probably 1ist wall thickness as (t), design
pressure as (P), and allowable surge pressure as (W).

4,5,4.3 Calculating Penstock System Head Loss. The next step is to
calculate the total penstock head loss. The total losses are a function of
both turbulence and friction.

Turbulence is caused by the intake structure and by bends and obstruc-
tions in the pipe. Turbulence factors can. best be considered by adding
equivalent pipe length to the overall length of the penstcck to get the
adjusted length (La)' This can be done by the following steps:

. Multiply the number of 90 degree bends by 30 feet
° Multiply the number of 45 degree bends by 15 feet

® Add 15 feet for the entrance at the intake

1

-
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° Add 100 feet for the turbine isolation valve
. Sum all the additions and add to the total penstock length.
EXAMPLE: From Figure 4.5-1:

0 each 90 degree bends

5 each 45 degree bends

5 x 15 =75 feet

Intake structure--15 feet

1 turbine isolation valve--100 feet
Total additions = 190 feet

The pipe length shown in Figure 4.5-1 is 336 + 150 + 328
+ 87 = 901 feet; 901 + 190 = 1,091 feet. Adjusted length
(La) = 1,091 feet

Friction losses are a function of pipe size, lTength, and material.
The friction effect is accounted for with the pipe material correction

factvors shown in Table 4.5-2.

TABLE 4.5-2. FRICTION LOSS CORRECTION FACTOR (fc)

Factor
Pipe Material (fc)
Steel 1.16
PVC 0.77
PE 0.77
AC 0.87
FRP 0.77
- To obtain the head loss due to turbulence and friction, multiply the

adjusted penstock length (La) determined above by the material correction
factor from Table 4.5-2. Multiply this number by the Hf factor previously
determined from Figure 4.5-2 or -3 and divide the result by 100. This final
number is the energy loss, in feet of head, for the flow, penstock length,
and material selected. Use Equation (4.5-4) to determine total head loss.
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f x La X Hf

hy = ——q55—— (4.5.4)
where
h.I = head loss in feet P
fC = fc friction loss correction factor from Table 4.5-2
La = adjusted length of penstock in feet
Hf = head loss factor from Figure 4.5-2 or 4.5-3.

"EXAMPLE: From the previous examples:

r"
]

1091 feet

X
1

0.34 (Figure 4.5-4)
* From Table 4.5-2:
Steel: fc = 1,i6
PE: f_ = 0.77
FRP: fC = 0.77
For steel pipe

_1.16 x 1091 x 0.34
1 100

>
"

6.2 feet
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For PE and FRP

_ 1.77 x 1091 x 0.34

hy 100

h] = 2.9 feet

This loss must be subtracted from the site's available head. Since it

is a friction loss, it will not be available to produce power.

EXAMPLE: If the pool-to-pool head at the developers site is 42 feet,
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You must recognize that a number of pipe diameter and material combin-
ations exist for transporting the desired flow from intake to turbine. The
optimum pipe diameter tends to be a site-specific decision, and several
alternative configurations should be evaluated. The following general
suggestions may help with this eva]ugtion.

® Penstock diameter (and cost) can be reduced until the maximum
recommended velocity of 5 fps is reached. .This will increase
friction losses.

& Penstock friction (energy) loss can be reduced by increasing the
diameter and therefore decreasing velocity. Offsetting costs may
be realized if the reduced velocity reduces the pipe pressure

class.

® Penstock friction loss can also be reduced by selecting alterna-
tive pipe materials having a lower loss coefficient.

The Category 2 developer may want to compare energy loss and pipe costs
to arrive at an optimum pipe diameter.

NOTE: Higher friction in the pipe reduces the potential of freezing
in the penstock. See Subsection 4.5.7.
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4.5.5 Valves

During the 1ife of the generating facility, it will periodically be
necessary to stop flow to the turbine for maintenance and repair or to
dewater the penstock for repair. Also, reaction turbines use valves to
cortrol flow and to prevent overspeed. For this reason, suitable valves or
gates at either end of the penstock should be incorporated into the
development plans.

Various types of valves can be used. For gates in canals or on corru-
gated metal pipe, slide gates are ideal (Figure 4.4-8). Butterfly valves
work well at either end of the penstock. Figure 4.5-5 is a photograph of a
butterfly valve body and disc, and Figures 4.5-6 and 4.5-7 present drawings
of butterfly, gate, ball, and globe valves.

4.5.5.1 Penstock Intake. As discussed in the Intake subsection (4.4),
a slide gate or butterfly valve can be incorporated into the structure at

the intake of the penstock. The penstock inlet downstream from the valve
must be open to the atmosphere to prevent the formation of a vacuum during
penstock dewatering. This can also be a part of the inlet design, or an

air admission valve can be added. This could consist of an open vent stand-
pine with the top elevation higher than the water surface at the forebay
(Figure 4.4-13).

4.5.5.2 Penstock Upward Slope. At any point on the penstock where a

high point exists, (that is, where the pipe has an upward siope) an air
release valve should be installed. Similarly, a drain must be installed at
any low point. Use Table 4.5-3 for approximate sizing of the air valves.

TABLE 4.5-3. SIZING OF AIR VALVES

Valve Diameter Maximum Penstock Flow
(inches) (cfs)
1 Up to 4
2 Up to 8
3 Up to 15
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Figure 4.5-5. Butterfly valve body and disk.

4.5.5.3 Turbine Isolation Valve. At the lower end of the penstock,

an isolation valve is required for stopping flow to the turbine. The tur-
bine isolation valve should be connected (flanged) to the turbine to permit
disconnecting the turbine from the penstock. The valve could be any one of
a number of gate valves, globe valves, ball valves, or butterfly valves.
However, the head loss is greater in a globe valve. The least expensive of
these options are the butterfly and gate valves. The valve should be the
same size as the penstock and have a pressure rating above the design
pressure previously determined for the penstock.

The butterfly valve is the most common in microhydropower use. A
significant characteristic of the butterfly valve is its relatively quick

rate of closure. Some reaction turbines use the isolation valve to prevent
turbine overspeed. To accomplish this, they take advantage of the quick
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closing characteristics of the butterfly valve. When this is done, some

other means must be designed intc the penstock to eliminate surge pressure

on the penstock. If no method is provided to eliminate surge, care must be

taken to close the valve slowly. Providing a geared, motor-operated valve -
with backup power supply and with slow closure rate will reduce the

potential for creating excessive surge pressures.

Surge pressure can create havoc with a penstock. It can.cause a pipe
to jump and send a wave of pipe movement up the iength of the penstock. If
the pressure is high enough, the penstock will rupture and cause other
damage or even injury.

CAUTION: The water will actually force a butterfly valve closed after
it is halfway closed; therefore, be very careful if you plan to use a handle
type actuator (Figure 4.5-6). The handle has flown out of the hand of more
than one unsuspecting operator. And, of course, a valve that is slammed
shut will create surge pressure.

Many clever and innovative systems can be worked out to prevent surge
pressure. Figure 4.5-8 is a drawing of such a system. An extension arm is
welded on to the handle of the valve. In the open position, the handle is
suspended by a solenoid hook or pin from the power house ceiling. A weight
is attached to the handle to pull the handle down when the solencid is
released. The falling weight causes the handle to close the valve until
the water pressure begins to assist in the closure. At that point, the
shock absorber takes over and prevents the valve from slamming shut.

Another approach is to prevent the surge pressure by opening other valves

at the same time as the isolation valve is closed. Solenoid-operated valves
that fail open can be used in place of the purge valve shown in

Figure 4.5-9. When the generator 1o§es its load and stops generating
energy, the solenoid valve opens as the isolation valve closes. The L
solenoid valve should be at least half the size of the penstock.
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Figure 4.5-8. System to prevent surge pressure.
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Another possibility with low head is a stamdpipe at the lower end of
the penstock. The pipe can either be opened to the atmosphere or sealed
with air in the pipe under pressure. The air is the pipe will act as a
shock absorber for the surge pressure. If the pipe is sealed, provision
should be made to check the water level in the pipe, since the air pocket
may have to be replaced periodically. The air will be absorbed into the
water over long periods of time. Also, standpipes have a tendency to freeze
in the cold months because the water is stagnamt. If a standpipe is used,
heaters and insulation should be added to keep the water from freezing.

4.5.5.4 Turbine Bypass "Y', Figure 4.5-9 shows two additional

recommendations for penstocks. To reduce the pessibility of getting foreign
material into the turbine, it is advisable to make a "Y" connection off the
main penstock and have the turbine branch of the penstock above the bypass.
To keep the turbulance of the "Y" out of the turbine, place the "Y" at least
10 pipe diameters above the turbine, e.g., place @ 14-inch pipe 140 inches
above the turbine.

The second recommendation for the "Y" is a purge valve. This would
consist of a 4~ to 6-inch valve on a tee near the lower end of the bypass..
In the case of the figure, the purge valve and the blind flange on the pen-
stock are housed in a partially buried 55-gallom drum cut to fit. The drum
with 1id acts as a manhole and can help prevent freezing of the valve.

This valve is piped tc discharge into the tailwater and serves several
functions. Among these are:

. A "blowoff" cleanout for silt or sand that has been carried down
the penstock.

. A bypass valve to maintain flow in the penstock if the turbine is
shut down (for example, to prevent freszing).
CAUTION: The water in the penstock is under pressure. The purge valve
and discharge pipe must be anchored. In additiss, the discharge pipe
should be directed into the tailrace. If a reaction turbine is used,
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the discharge should be into the tailrace pool of water below the draft
tube. The water in the pool will help to dissipate part of the energy.
You can never be too careful when dealing with a pressurized penstock.
Remember, there is more potential energy in a penstock than the electrical
energy that the generator generates, and both can be very dangerous when
not handlied correctly.

Figure 4.5-10 is a photograph of a purge valve in operation.

4.5.5.5 Turbine Flow Control Valve. Control of flow to the turbine
is usually a feature of the turbine package. If the rate of flow to the
turbine is to be controlled (to control speed and generator output), this
is typically accomplished by means of wicket gates on a Francis turbine,
needle or spear valves on Pelton and Turgo turbines, and control gates on a

Figure 4.5-10. Purge vaive in operation.
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cross-flow turbine (see Figure 4.5-11). These valves and their associated
governors are integral parts of the turbine unit and are provided by the
turbine manufacturer.

Other turbines such &s pumps used as turbines do not lend themselves
to flow control. The best alternative is a load diverter where a constant
flow is applied to the pump and the diverter controls the turbine speed
(sce Subsection 4.8).

4.5.6 Siphon Penstock

The siphon penstock is a good option where the 1ift is small and no
other method is easily available to transfer the water to the turbine. If
you plan to use a siphon penstock (see Figure 2-13), the hydraulic consider-
ations already discussed (velocity and friction head losses) apply. Addi-
tional considerations include a means of starting the siphon. In order to
start a siphon, the penstock must be completely full of water when the lower
downstream valve is opened. For small diameter penstocks, a foot valve on
the suction end can be used. For larger diameter penstocks, some form of
automatic priming device must be used. A partial vacuum is drawn on the
high_ point of the penstock until the pipe is filled with water. Once the
penstock is filled, the water will start flowing to initiate the siphon
action,

The maximum theoretical height to which a siphon can raise water at
sea level is 34 feet., As a rule of thumb, the maximum practical 1ift a
developer should design to is 20 feet at sea level. This 1ift could be
even less at high elevations or when using siphons with high friction
losses. At an elevation of 5000 feet, for instance, the maximum theoretical
1ift is 28 feet instead of 34 feet. With friction losses, the practical
Tift will be less than 20 feet. If you feel that a siphon penstock is the
best choice for your site and you are not familiar with fluid flow calcula-
tion techniques, you should seek professional help for the design.
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Figure 4.5-11. Types of turbine flow control valve.
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In climates where the temperature occasionally drops below zero, the
exposed portion of the penstock should be protected from freezing. The
pressure at the top of the penstock is less than the atmospheric pressure
and thus raises the freezing temperature of the water. A coat of spray-on
insulation should suffice.

A rule of thumb in siphon penstock design is to keep the 1ift to a
minimum. In other words, go no higher than absolutely necessary to clear
the obstacle you wish to cross. This keeps the low (negative) pressure in
the penstock to a minimum. If the 1ift is much over 2 or 3 feet and the
penstock is large, some type of pipe stiffening is advisable. The stiffen-
ing can be ribs welded along the length of the pipe. They will help prevent
the penstock from collapsing under the negative pressure.

In selecting a location for the penstock, try to locate it so that
flood waters will have the least amount of effect on the penstock. If
possible, design some type of protection around the pipe.

‘Some siphon penstocks have the upstream pipe flared out in a cone shape
to reduce entrance head losses and the formation of vortices, which cause

unstable turbine operation.

4. 5.7 Additional Design Considerations

In addition to the specific design considerations--keeping the penstock
as straight and short as possible; maintaining a continual downward grade;
and using the proper pipe diameter, wall thickness, and material--other
items sucH‘as thrust or pressure that tends to serarate the pipe, thermal
expansion, pipe span, pipe support, thravio]et cagradation, and freezing
must be considered. Whether the penstock is above or below ground makes a
difference on how these secondary considerations are handled.

4.5.7.1 Hydrostatic Thrust. From a safety standpoint, the most sig-
nificant aspect of penstock design is the restraint of the pipe. Hydro-
static thrust will cause a penstock to move (crawl) and can even separate
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joints. The thrust is the reaction of a pressurized penstock to changes in
flow direction or to outlet nozzles. For example, a garden hose with water
flowing through a nozzle will move about freely if not held. Likewise, a

 6-inch, 90-degree elbow with a 200-foot head will be subject to a force of

nearly 3,500 pounds that tends to pull the elbow away from the connecting
pipes. The following formula defines this thrust load for pipe bends.

T=1.57x5x Dpz x sin 3 (4.5-5)
where
T = thrust in pounds
S = static pressure in psi, from Equation (4.5-1).
Dp2 = pipe diameter squared (multiplied by itself), in
inches squared
sin g = trigonometric function, where 8 is the angular

change in direction; for a 45-~degree bend,

8

sin 3 = 0.38, and for a 90-degree bénd, sin 3 = 0.71.

Ml

EXAMPLE: Assume a 6-inch pipe diameter, a 200-foot head, and a
90-degree bend. Find the thrust at the bend.

First, use Equa:ion (4.5-1) to convert head to static pressure.

S = 0.433 x h
S = 0.433 x 200
S = 86.6 psi
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Now, From Equation (4.5-5)

T = 1.57 x § x Dp2 x sin

Ml

= 0.71. Therefore,

rolao

For a 90-degree bend, sin

—
il

1.57 x 86.6 x 6 x 6 x 0.71

—
1l

3475 1bs.

To resist this thrust, you will either have to use restrained joints
“glued PVC or welded steel) or push on or unrestrained joints with thrust
blocks. Above-ground penstocks must always use restrained joints. Buried,
unrestrained joints must include thrust blocks. A thrust block is a poured-
in-place concrete mass bearing on the side of the trench to prevent movement
of the pipe. Figure 4.5-12 shows a typical thrust block.

To design a thrust block, you must determine the area (At) that
pushes against the undisturbed side of the trench. In Figure 4.5-12, it is
the height (ht) times the width (wt). Table 4.5-4 provides a basis for
finding the area required for the thrust block.

TABLE 4.5-4. AREA OF BEARING FOR CONCRETE THRUST BLOCKS

Pipe Size 45-degree Bend 90-degree Bend Tee, Plug, and Cap

{inches) (area in ftz) (area in ftz) (area in ft?)
4 2 2 2
6 3 5 4
8 3 8 6
10 5 13 9
12 7 18 13
14 10 25 18
16 18 32 23
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Figure 4.5-12. Typical thrust block.




To allow for soil condition, the areas given in Table 4.5-4 should be
multiplied by the appropriate factor from Table 4.5-5. .

EXAMPLE: Assume a 6-inch pipe with a 90-degree bend. Find the bear-
ing area (At) of the thrust block when buried in sand and gravel.

From Table 4.5-4, the area is 5 ftZ.

From Table 4.5-5, the multiplier is 1.33.

Therefore, At 1.33 x5

2
At

6.65 ft

Now that the area is known and the height is set by half the depth of
the trench, the width (wt) can be computed.

Wt =% (4.5-6)

TABLE 4.5-5. SOIL CONDITION MULTIPLIERS

Soft clay 4
Sand 2
Sand and gravel 1.33
Shale 0.4
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where

Wt = width of the thrust blozk in feet
At = area of the thrust block in ft2
ht = height of the thrust block, equal to half the depth of

the trench in feet

EXAMPLE: Assume that the trench is 4-feet deep; find the width of the
thrust block if the area is 6.65 ftz

h, =

t = 2 feet.

™~

From Equation (4.5-6)

(o)}
o
w

=
1]

N 3.33 feet, or 3 feet 4 inches (12 x 0.33 = 4 inches)

4.5.7.2 Thermal Expansion and Contraction. The penstock will most

likely be continuously full of water at a relatively constant temperature.
Temperature changes that occur due to a drained pipe or extreme climatic
conditions will cause expansion or contraction of the pipe. PVC pipe will
expand (contract) at the rate of 0.36 inches per 100 linear feet for every
10°F temperature change. For steel, the expansion coefficient is

0.08 inches per 100 linear feet per 10°F. This means that a 1000-feot PVC
penstock will increase in length by about 4 inches for a temperature change
of 10°F. In some cases, deflection at elbows will accommodate this change.
If larger temperature changes are anticipated, care should be taken in the

routing and anchoring of pipes. (Consult the pipe supplier for assistance
in this case.)
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4.5.7.3 Pipé Spans and Support. The maximum unsupported span for a

PVC pipe is from 6.5 feet for a 6-inch diameter pipe to 8 feet fer a 12-inch
diameter pipe. For steel pipe, the maximum span should be limited to about
15 feet for the smalier diameters and 25 feet for anything over a l4-inch
pipe. The pipe shoul‘i be allowed to expand and contract longitudinally

(due to temperature changes) at the supports without abrading or cutting

the pipe material. Figure 4.5-13 shows a typical concrete support saddle
for above ground piping. If the pipe is layed on the ground, assure that

_ the soil under the pipe is free of rock and debris and that the soil is
firmly packed to support the pipe. The sides of the pipe should be bermed

~ to keep surface water from eroding the soil underneath.

Inclined
2- to 3-in. band penstock
bolted to column /

Several layers of
construction felt
roofing paper

Concrete
column

Footing buried
below frost line
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Figure 4.5-13. Typical concrete support saddle for above-ground piping.
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4.5.7.4 Ultraviolet Degrédation. PVC is susceptible to damage by

sunlight, and above-ground use of PVC pipe in areas exposed to direct sun-
lTight is typically not recommended unless the pipe is painted or otherwise
covered. Below ground, PVC is good for 10 to 15 years.

4.5.7.5 Penstock Anchoring. If the penstock is more than 100 feet

in length, it should be anchored. To anchor a penstock, a mass of concrete

can be poured around the pipe. Before pouring the cement, coat the pipe
with a material similar to tar and wrap with several Tayers of felt roofing
paper. A rule of thumb is a yard of concrete for each 12 inches of pipe
diameter; therefore, a 12-inch pipe would have a 3 ft x 3 ft x 3 ft block

of concrete for an anchor.

The primary location for the anchor is just before the penstock enters
the powerhouse (Figure 4.5-9). The anchor restricts movement of the pen-
stock at the powerhouse, avoiding the possibility of the penstock separating
from the turbine and eliminating loads on the turbine casing. The installa-
tion of the anchor is an important additional safety factor to prevent
penstock failure because of movement of the penstock.

For long runs of above-ground pipes on steep slopes, intermediate
anchors should be provided to reduce pipe stresses from the weight of the
pipe and water. The anchor block should be firmly attached to the slope so
that its weight will not add to that already on the pipe.

4.5.7.6 Freezing. A hydropower system does not produce energy.
Rather, it transfers energy from one form to another. If water flows down
a stream from Point A Lo Point B, the water has dissipated the same amount
of energy that you can recover in a turbine.

In a free stream, energy is dissipated in the form of heat. Heat is
generated by the friction of water within itself and with the stream bed.
Likewise, if the water is piped from A to B, the friction between the water
and the pipe will gsnerate a certain amount of heat. The less the friction,
the less tﬁe heat generation, and conversely, the more the friction, the
more the heat. An old steel pipe with riveted sides has a lot of friction
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and will very seldom have a freezing problem. PVC, on the other hand, has
a very lov friction factor, and ice will usually build up in the pipe in
freezing temperatures. If your site is in the mountains or in the northern
half of the U.S. and you plan to use PVC, you should consider burying the
penstock to reduce or eliminate the freezing problem.

If for some reason flow in the penstock must be stopped in the winter,
drain the penstock or use the purge valve to keep some water flowing.

4.5.8 Design Layout

After you have decided on the type and length of penstock, make a
sketch or sketches of the system. If earthwork or concrete is involved,
calculate the volume as in Subsection 4.4.4, Be sure to include all valves
and other associated equipment required to make -the system functional.
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4.6 Powerhouse

It should be noted that not all hydropower plants will require a
powerhouse. Projects using a "bulb" turbine will have the
turbine-generator package located directly in the water. In these cases,
space should be provided only for the location of the electrical
switchgear. Other turbine units may be designed for outdoor installation
of the generator and switch gear,

The purpose of a powerhouse is to. house the turbine-generator set and
electrical components. The powerhouse protects the equipment from the
elements, limits access for safety and security, and provides space to
maintain and service the mechanical and electrical equipment. The
powerhouse should be constructed to fit the equipment. Consequently,. the
equipment should be selected before the powerhouse is planned. Some
poygrhouse details will be supplied by the turbine-generator manufacturer.

The location of the powerhouse depends on the local site conditions.
A Category 1 developer who has sufficient head and flow may decide to
Tocate the powerhouse next to the load source and thus reduce the
transmission distance. Since the powerhouse is generally located adjacent
to the stream it should be located above the high water mark of the stream
or flooding will result during spring runoff. If the high water mark
results in the house being too far above the stream (so that the vertical
distance from the house to the stream is not available as head to an
impulse turbine), then the house can be set lower and a long tailrace used
so that the elevation of the floodwater at the tailrace exit is lower than
the powerhouse, as shown in Figure 4.6-1. Or, you can use a reaction
turbine with a draft tube installed as discussed in Section 4.1.6, which
will allow the turbine to be set higher and still use the head.

The physical orientation of the powerhouse should be set to keep the
penstock straight. A straight penstock is much more important than a
perpendicular powerhouse parallel to the stream. Notica the location of
the powerﬁouse in the sketch in Figure 4.6-1.
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Figure 4.6-1. Powerhouse installation with long tailrace.

4.6.1 Physical Features of the Powerhouse

The powerhouse must be designed to accommodate the equipment and
provide adequate room for personnel to work on it. Detailed powerhcuse
requirements can only be obtained from the equipment manufacturer.
Powerhouses can be constructed of wood (Figure 4.6-2), metal
(Figure 4.6-3), or masonry depending on the availability and cost of
material. In all cases, the footings, foundation, floor slab, and
equipment pad should be constructed of concrete.

The powerhouse should include an opening or access for the penstock to
connect to the equipment and an opening for the water to exit the
powerhouse in the tailrace. Other accesses or openings may be:

° A door large enough to handle the largest single item. The

dimensions of the various components can be obtained from the
manufacturer. The door should have a lock to control access.

4.6
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Figure 4.6-2. Wooden powerhouse.

Figure 4.6-3. Metal powerhouse.

{__./ 4. 6-3




. Windows, louvers, and roof vents to provide good
cross-ventilation for temperature control and removal of
dampness. Since most generators are designed to operate in a
temperature range of 20 to 100°F, the number and size of
ventilation openings should be adjusted to the climate.

(] Conduits for electrical wires to allow the connections between
the control equipment in the powerhouse and the distribution
lines outside the powerhouse.

. Floor drains to allow water from leaks, condensate, or repair and
maintenance activities to drain from the building.

(] Small pipe openings for piping or tubing since some generators
may be water cooled.

The powerhouse should include other features such as lighting and
electricity. Thought should be given to how equipment can be installed and
removed. It may be worth while to incorporate a beam into the powerhouse
structure for this purpose. A temporary "A" frame structure or oversized
doors to allow a forklift to enter could accommodate equipment placement
without a beam. Figure 4.6-4 illustrates some of the typical features of
the powerhouse. The illustration shows a turbine with a draft tube. If
the turbine is an impulse turbine, the draft tube will not be included.
The draft tube must discharge below the water level. The tailrace can be
equibped with a weir to provide a pool of water for discharge of the the
draft tube. The weir can be a simple metal plate slipped into an angle
iron frame bolted to the precast concrete tailrace wall (Figure 3.9). See
Subsection 4.7 for the design and size of the tailrace.

4.6.2 Powerhouse Size and Dimensions

The powerhouse should be sized for sufficient and safe clearance
around the turbine and generator equipment. Once the size of the
turbine-generator set is known, it is recommended that the minimum
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Figure 4.6-4. Typical powerhouse.

powerhouse width be at least two times the equipment width and the length
be at least three times the equipment length. Additional considerations
would be storage space for spare parts and space for repairs and
maintenance. The inside height should be sufficient to allow movement
while standing.

4.6.3 Minimum Powerhouse Standards

The powerhouse should be a weathertight enclosure with a strong roof
structure to handle snow and rain. The building should be locked to
discourage theft and vandalism. The concrete used in the construction
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should have a strength of at least 3000 psi. If ready-mix concrete is
ordered, specify the maximum strength. The floor level should be at least
1 foot above the highest maximum water Tevel of the tailrace.

4.6.4 Llocation and Mounting of the Equipment

A concrete pad is necessary to mount the turbine-generator equipment -
or the metal equipment frame. Equipment mounting specifications, details,
and requirements must be obtained from the equipment manufacturer to plan
for the construction of the mounting pad. The pad serves as a base for
mounting the equipment and as a mass (dead weight) to dampen the vibration
created by rotating machinery. The weight of the concrete pad should be at
least two times the weight of the equipment plus the weight of the water in
the turbine. Once the weight of the equipment and water has been
determined, the size of the pad can be determined since concrete weighs
approximately 110 pounds per cubic foot. To support any equipment, the
concrete pad should be at least six inches thick. To support heavy
equipment (more than 2000 pounds) the thickness of the pad should be
increased.

_EXAMPLE: Assume that the weight of equipment plus water is 1000 pounds

Weight of concrete = 2 x 1000 = 2000 pounds

2000 1b + 110 Tb/ft> = 18 ft3

Amount of concrete

3.0.5 ft = 36 ft2

Size of B6~inch-thick pad = 18 ft
The 36-square-foot, 6-inch-thick pad should be made to match the
length and width of the equipment. For example, if the length and width of
the equipment is basically square, then the pad should be square, or in
this case 6 x 6 feet.

Normally, the equipment pad should be placed on compacted soil or rock ;

and poured separately from the floor pad. Expansion joints should be
placed between the equipment pad and floor pad. This will minimize the
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transfer of vibration into the floor pad and building. It will be
necessary to use reinforced steel bars in the equipment pad to maintain the
integrity of the concrete. The reinforcing should be at least Number 4,
located 12 inches on center each way. To aid the grounding of the
generator, the reinforcement should be welded together and a lead brought
out for a ground attachment.

The turbine package will be bolted directly to the equipment pad with
bolts. These bolts can be cast into the pad as it is poured or welded to
an angle iron cast into the concrete. .The arrangement and spacing of the
bolts must match the holes drilled in the equipment frame see
Subsection 5.3.2.

Electrical panels are generally mounted on the wall, high enough from
the floor so that flooding will not cause serious damage.

4.6.5 Powerhouse Costs

The average material costs per square foot of building space for a
typical powerhouse as discu§sed in this section are shown in Table 4.6-1.

TABLE 4.6-1. POWERHOUSE COSTS

Costs per Square

Foot of Bui]dinga
Item (s)

Concrete--Inciudes footings, foundation, equip- 5.00
ment pad, floor, and tailrace under powerhouse

Building Structure--Based on wood frame with 5.00
metal exterior includes walls and roof

Miscellaneous--Includes door, windows, vents, 2.00
and electrical equipment

TOTAL MATERIAL COSTS PER SQUARE FOOT OF BUILDING 12.00

a. 1982 dollars.

4.6
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A 10~ x 12-foot building would contain 120 square feet of building
space. The average material costs for this powerhouse would be
120 x $12 per square foot = $1440.

1f the powerhouse is constructed by a building contractor, the average
cost per square foot of building will be twice the material costs. In this
example, 120 x $24 per square foot = $2880. Costs may vary depending on
the site location and availability of local material and labor.

These costs are for the powerhouse structure and do not include costs

maed T il emad i LAl Y o
I equipmenct, dia 4any udlirdce

beyond the powerhouse. These costs are covered in the appropriate sections.

4.6.6 Design Layout

Once the size of the powerhouse is determined, sketch the layout of
the powerhouse on a sheet of graph paper.
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4.7 Tailrace

A tailrace is a canal or conduit that carries water from the

_ powerhouse to the next desired location (usually back into the stream).

4.7.1 Size of the Tailrace

The tailrace should be large enough to carry the design flow. The
velocity in the tailrace can be 2 fps. In parts of the country where fish
migration is a consideration, the velocity at the tailrace exit should be
reduced to less than 0.5 fps. Migrating fish will be attracted into the
tailrace if the velocity is too high.

For sizing the tailrace for 2 fps, refer to section on power canals,
Subsection 4.4.2.2. The power canal and tailrace will have the same
cross-sectional area. Note that the slope for the tailrace must also be
equal or greater than that of the power canal. If the reduced velocity is
needed at the stream entrance, make the end of the tailrace four times
wider. If the same depth is maintained, the velociiy will be reduced to
0.5 fps.

4.7.2 Tailrace Intake

Generally, the tailrace will start below the powerhouse and is an
integral part of the powerhouse design. The width and depth is set by the
area for 2 fps. As in Figure 4.6-4, the powerhouse footings and the
tajlrace intake are usually constructed from concrete. The concrete can
either be precast or poured in place. Since the equipment pad is usually
directly on top of the tailrace, the concrete must be structurally sound.
If you pour the cement yourself, be sure and use a sufficient number of
reinforcing bars. If you are not sure how to do that, then a precast

concrete box culvert purchased from a manufacturer is strongly recommended.
Figure 4.7-1 shows two types of precast concrete box culverts

connected together. The open top is the "U" shape type, and the clcsed top
is the box type. In the culvert, both ends are open; therefore, an end
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Figure 4.7-1. Tailrace intake structure.

sarel will either have to be poured in place or precast with the culvert.

Ir either case, an opening for the purge pipe should be cast into the

parel. If you decide to pour your own intake, the physical arrangement can
be similar to that shown in Figure 4.7-1 or can resemble just the "U" shape.

As mentioned in Section 4.6.1, if a draft tube is used, a pool of

water must be maintained in the intake. The pool should also be drainable

and cleanable. A metal weir can be installed near the end of the tailrace

The weir is held in place by angle iron bolted to the side of the
The height of the weir should be less than half the height of

This will ensure that the weir can be inserted and removed.

intake.
tailrace.

the tzilrace.
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Also, when the purge valve is opened, there will be a high-pressure stream
of water exhausted into the tailrace pool. The weir mounting must be
strong enough to withstand that force.

4.7.3 Design Considerations

The area and size of the tailrace was determined by the design flow
and the velocity. Figure 4.6-1 showed a powerhouse set lower than the
high-water mark of the stream. A long tailrace is used to lower the
elevation of the tailrace exit to a point where flood water cannct back up
the tailrace and flood the powerhouse. In this case, a berm and rip rap
will have to be constructed to protect the powerhouse and the tailrace from
flood waters. The berm should be at least 3 feet above the high water
mark. The higher the berm, the less the possibility of washing out tie
powerhouse and all the equipment. )

An additional advantage to a long tailrace is that the flood waters
will not raise the water level on the reaction turbine draft tube. If the
tailwater rises on a draft tube, the effective head is reduced and 1ess‘
power is produced.

if the excavation involves a large volume of soil, a backhoe will be
necessary. The cost of equipment rental and operating time must be
estimated. Survey the potential location for the tailrace for rock
outcrops and other obstacles that will increase the cost of construction.
If these obstacles are too severe, an alternative location for the
powerhouse should be considered.

4.7.4 Design Layout

If the tailrace is a significant activity, sketch the tailrace on a
sheet of graph paper and estimate the material to be excavated. The cost

of the excavation can be determined in the same way as the cost of the
intake structure (Subsection 4.4.3.)
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4.8 Generators and Electrical

A generator is an electromechanical device that converts mechanical

. energy, "torque," into electrical energy. This is accomplished by driving

a coil through magnetic lines of force and so that the coil interacts with
those lines of force to produce a voltage at the coil terminals.

The electrical distribution system for a microhydropower installation
js selected for transmitting the power developed in the generator to the
point of use. '

This section is written with the assumption that the developer has
some background in electricity and the terminology of electrical
construction and generator operation. Electrical and generator terminology
and the theory of a generator are discussed in Appendix A-6, which contains

the following.

. A description of synchronous and induction generators and their
associated equipment '

) Standard voltage characteristics

. Connection diagrams for a 12-lead generator to match standard
voltage characteristics

. Standard nameplates and an explanation of terms
. Standard generator insulation ratings and enclosures.

You may want to study Appendix A-6 on electrical theory and standard
generators before studying this subsection of the handbook.

4.8.1 Electrical Safety Considerations

The National Electrical Code (NEC) should govern the installation of
any electrical equipment from the terminals of the generator to the point
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of consumption. The NEC is a Tegal document and is enforced by local
electrical inspectors. However, the NEC is also a document based on common
sense and on electrical installaticn practices that have been found to be
safe and to minimize the risk involved in the use of electricity. You
should comply with all recuirements of the NEC. A copy of the regulation
can be obtained from bookstores or from eguipment suppliers.

CAUTION: 1If you have questions on electrical requirements or the
connection of any piece of electrical equipment, you should get help from a
Ticensed and qualified industrial electrician. Electricians have various
areas of expertise; therefore, make sure the one you hire is qualified to
work with generators and protection equipment. An electrician not
qualified to handle a power system can be as much of a hazard as a

nonelectrical person making the installation.

You should obtain wiring and connection diagrams of all equipment.
Study these connection diagrams before installing equipment to make sure
that you understand how the system is wired and how each wire and piece of
equipment ‘relates to the system. These diagrams will be helpful for final
checkout and for future trouble shooting.

. You should always get an electrical permit and have your electrical
system inspected. " The electrical inspector will verify that the electrical
installation meets the intent of the NEC and can aoperate in a safe manner.
The electrical inspector will probabiy not verify that the controls and
wiring are connected to the propef terminals, but he will verify that the
system is grounded properly and that the system has been wired according to
recognized electrical practices.

The utility should be responsible for all connections to its power
lines. Never attempt to make any connections to a utility system. Notify
the utility, and they will have a line electrician available to make the
intertie.

The following are some very basic NEC considerations that should be
included in all microhydropower instaliations:
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] Ground all systems. This will require voltage selections t-a:
will contain a neutral conductor, such as 1206/240 volt, singie
phase, three-wire; 120/208 volt, three-phase wye four wirs, o~
277/480 volt, three~phase, four wire.

(3 Install properly sized and rated equipment and wire on all
systems. Do not skimp.

. Install overcurrent and short circuit protection on all circe’is
including the generator, the distribution system, and the branch
circuits connected to the electrical system. Do not bypass this
equipment. It is installed for the purpose of protecticr. Use
that protection. The cost is minimal when compared to the cost
of replacing burned out equipment.

The Category 2 developer who ties into a utility will require
equipment that is rated for the voltage of that utility. This will
generally be a level of 7200 to 12470 volts, but could be higher. All
transformers and protective equipment must be rated for the voltage Tevel
used by the utility. '

Equipment ratings and wire sizes are basically dependent on the number
of amperes that the equipment has to carry. These ratings should always be
watched to verify that the equipment is matched to the system. For
example, if a generator circuit breaker is too small, it will trip when it
is not supposed to; however, if it has too high a rating, the equipment may
burn up before the breaker trips. Therefore, always install properly rated
equipment.

4.8.2 Generator Selection

There are many different types of generators that can droduce power.
These include synchronous generators, induction motors used as generators,
direct current (dc) generators, and many hybrid generator systems. The
standard generators in use on microhydropower projects are the synchronous
generator and the induction motor used as a generator.
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The synchronous generator is primarily used on stand-alone
installations such as those for the Category 1 developer. This generator
supplies its own excitatioen current through either a rectifier system or an
external dc generator or battery system. The generator can also be used
with utility system interties. This requires synchronizing equipment to
determine when the unit can be safely connected to the power line. The
equipment is generally a system of lights or an indicating dial to indicate
when the generator voltage is in phase with the voltage of the utility. .

The induction generator is actually an induction motor used as a
generator. It is capable of operating as a generator only when connected
to an outside electrical power system. The generator output voltage does

not appear at the output terminals until after the generator is connected

to the outside power system. Thus, there is no way to synchronize an
induction generator with an outside power system as is done with a
synchronous generator. To function as a generator, an induction motor must
be driven about 1 to 5% faster than synchronous speed, or 2 to 6% faster
than the speed it would have when functioning as a motor. The amount of
output power that is generated by an induction generator is approximately
proportional to the excess speed above synchronous speed. This excess
speed is called slippage.

There are two ways to place an induction generator in operation. One
method is to bring the machine up to speed by starting it as a motor, then
overdrive the unit with the turbine to generate electricity. A second
method is to bring the induction machine up to speed with the turbine and
then close the main breaker to interconnect the generator with the line.
The second method of starting an induction gen rator has been found to
reduce the transienis that are noted on a power line when an induction
machine is connected to the line. The generator must be connected to the
powerline before the turbine overspeeds the unit; otherwise damage to the
machinery may occur.

An induction generator requires from the powerline a magnetization
current that is out of phase with the normal power. This need for
magnetization current is a requirement of the unit operating either as a
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motor or as a generator. This characteristic of inducticn motors sna
generator places an abnormal demand on the power supply line taat may oe
objectionable to the power company. Power companies sometimes raquir -
installation of power factor correcting equipment to compensate fo. o -
magnetization current. The magnitude of this probiem depends on the
capacity of the connecting power line and the size of the induction
generator. If the induction generator is started as a motor, the surge of
magnetization power at the initial starting instant is approximately tive
times normal. This may impose a Timitation on the method used for sta-i.:.

This problem is similar to that encountered in starting any ia)qe
motor, with the key factor being the size and capacity of the supply lin=.
A1l power companies are very familiar with the problem and can best juage
and predict the extent and solution to the problem.

Another cost for an induction generator is for equipment to corract
the power factor. The sum of the additional cost is comparable to the cost
of synchronizing equipment and should be considered as tradeoff items when
evaluating the use synchronous versus induction machines in the selection
of a generator.

A Category 1 developer will probably install.a synchronous generator.
If the developer buys new equipment, he will want to specify a
self-exciting, se]f-regd]ated generator. QOther forms of excitation are
available; however, the self-exciting, self-regulated machine has performed
well in “stand alone" microhydropower installations.

The Category 2 developer will have to consider various items before
determining which generator to use:

. Technical ability of personnel operating the plant and whether
they can start and paraliel a synchronous generator with a
utility line.

. The length of power line to the first distribution substation.
Will the power line be capable of providing the magnetizing
current for an induction generator?
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) The cost of power factor corrective capacitors versus
synchronizing equipment. This should include capitai costs and

maintenance costs.

4.8.3 Sizing the Generator and Electrical Distribution System

You will have to determine the voltage, phasing, and power output of
the generator. The Category 1 developer will probably desire & generator
connected to supply 120/240 volts, three-wire, single phase.

The power output of this generator will have to be totally consumed by
the equipment located at the site. Therefore, the developer should closely
consider the equipment that is connected to the generator and how it can be
connected to use the power generated. This can be done with a load control
system that controls the loads connected at any time and provides a load
sink for any excess load.

The .Category 1 developer will have to determine whether to size the
generator to handle just the loads connected at the present time, or to
provide some excess capacity and a load sink. The developer will then have
to make sure that the water source can supply the power required.

The reason for consuming all of the power is that the generator must
maintain a constant speed or rpm to maintain a constant frequency. If the
toad is allowed to vary at random, the speed of the generator will vary,
and the frequency will fluctuate. Fluctuating frequency will destroy small

moturs and solid state equipmant.

A single-phase generator can be a generator that is single phase, or a
%1 -inhase generator connected as single phase. You can also use one phase
A% .« three-phase generatcr. This would only produce about 1/3 ihe power
“i-y of +he generator; however, this can be done without seripusiy
sariing the generator.

ihe Category 2 developer will want to investigate the utility’s power
Tipe .. the tvpe of generator and electrical system needed to connect to

that ii=+. If the power line is singie-phase and you want to use some cf

4.8-6

. ’
—



the generator output, you will probably generate power at 120/240 voi-s
single~phase. If the power line is three-phase and you desire to use scme
of the output, you will probably want to generate power at 120/208 vo'lz:
three-phase, four wire. You can then connect to the generator ana "d.mp”
the excess power to the utility. If the power line is three-phase and you
desire to sell all of the power developed to the utility, you will probably
want to generate power at 277/480 volts, three-phase, four wire.

The Category 2 developer will have to supply step-up transformer: =ng
protection equipment to connect to the utility's power lines. >ince thne
Category 2 developer desires tc receive maximum return on his investiau~t,
the generator power output will be sized for the maximum economical power
that the water source can praovide.

With the voltage selection, number of phases, and kilowatts of power
production known, you can determine the size and ratings of the electrical

equipment to be used in the system.

You will also want to consider the following items in generator
selection:

] Bearings. Generators usually have a single bearing for a
horizontally mounted unit and a two-bearing system for a
vertically mounted machine. If the system is a packaged
turbine-generator, the supplier will provide the proper bearing
to match his system.

° Generator insulation. The generator insulation level should be

rated for continuous loading. An insulation level of 105°C will
generally be acceptable.

° Generator enclosure. The generator enclosure needs to be

determined. A drip-proof enclosure will generaliy be acceptable.

) Special features. Special features desired on the generator

will have to be determined. These items could include a
generator winding heater to keep moisture out of the generator
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during times when generator is not operating, and a generator
rating that can handle motor starting overloads or special power
factor ratings on efficiency voltage, etc.

If you are building your own turbine, you may desire to purchase the
generator only. This generator could be new or used. A new generator
would be purchased in a fashion similar to that of the packaged
turbine-generator. Therefore, the equipment suppiier would need some of
the information supplied in the information request form contained in
Subsection 4.2, as well as the desired operating speed.

If you plan to purchase a used generator, you should have it inspected
and tested by a competent motor repair shop.

Some items toc look at in used machines are:

° Inspect the motor to see if there are points of heavy wear or
overheating in the commutator and brushes, the windings (as far
as can be seen), and the bearings. Check the cleanliness of the
motor to determine its previous maintenance. See Figures A6-15,
-17, and -19 in Appendix A-6 for location of these items.

] Check the ratings of the used generator and compare them to the
following electrical characteristics needed for the system:

-

- Kiiowatt or horsepower. A horsepower motor needs 1 kilowat:
of power, but wiil only generate less than 0.7 kiiowatt.

- Voltage

- Phase

- Amperage ratings at various operating voltages
- Frequency

- Service factar
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If the generator is old, it should be rated for continuous or mata-
duty. A generator rated for standby duty may not hoid up under continucus
operation at full load.

When you have found a generator or induction motor that is properly
priced and appears to be suitable for your application, you should have a
motor repair shop or other qualified personnel test the machine. This
inspection should include:

° Test the insulation of the generator wiring with a megohmmeter,

° Check the pressure and position of generator brushes; clean and

replace as required.

° Clean the machine thoroughly, blowing out dirt from windings;
wipe the commutator and brushes.

® Check the shaft for end play.
. Check the air gap.
® Examine the connections of the commutator and armature coils.

® Check rectifiers on self-excited synchronous generators to see
that they are not burned out.

If the used generator requires reworking, you should get a price quote
on the amount of work. Compare this price and the cost of the used
generator against a new machine.

There are some units for sale that have been installed and operated
for many years. If you find an old turbine and generator suited for yéur
flow and head requirements, you may consider purchase of that system. The
unit may not be as efficient as a modern unit, but the cost may be
acceptable. You should have the generator checked out as described above.
In addition, you will have to examine the turbine, or have it checked, as
follows:
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] Check all movable bearing surfaces for wear and pitting.

. Check all turbine runners for pitting, rust, and wear to make
sure that the turbine is in good shape or can be rebuilt.

. Check the shaft for wear. Can it be rebuilt?

Again check all associated costs and verify that they are reasonable in
comparison with the cost of a new unit.

4.8.4 Metering

The generator system should have three metering devices to determine
ac voltage output, ac amperes output, and output frequency for a
synchronous generator or rpm for an induction generator. A kWh meter may
also be required.

The voltage can be measured directly at the generator output
terminals. Select a voltmeter with the proper range for the volta:e of.the
system. An ammeter will measure the current flow. However, because
ammeters have a maximum current rating of 5 amps, a current transformer is
used with the ammeter connected to the secondary of the transformer.

CAUTION: The current transformer should never be removed from the
system without a shorting wire cr bar installed between the terminals of

tne transformer.

In stand-alone systems, a frequency meter will be required to verify
that the frequency is within the parameters required by the system. For
“n=*+31ation of induction generators, an indication of rpm is needed to

daresminae slip. *

Tne Catecory 1 developer does not require a kWh meter. Howsver, you
may -wom% 2 meter to determine energy use in your system. The Category 2
develover will require at least a kWh meter to determine how much power is
solc <+ :he utility. Other metering reguirements may be set by the

util ty. These are dizcussed in Subsection 4.8.13.
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4.8.5 Generator Speed Selection

The synchronous speed of a generator is determired from Eouvaticy (-4-7 7"

rpm = (A6-14)

rpm = synchronous speed
f = frequency in Hertz (cycles per second)
p = number of stator poles.

As can be seen from the equation, the frequency and poles interact to
determine the speed of a generator.

Standard speeds of regularly manufactured generators are 3600, 1800,
1200, and 600 rpm. However, because of overspeed considerations, most
generators for microhydropower applications are specified in the 900 to
1800 rpm range.

The overspeed of a generator is the speed that the generator will
attain when it becomes unloaded and the turbine still has full flow and
head available. Turbines and generators can reach speeds two to three
times greater than normal operating speeds. This is especially critical in
a high~head installation.

Therefore, most generators should be selected in the lower speed of
range of 1800, 1200, or 900 rpm so that the machine can withstand a speed
of two or three times normal speed for short periods. The control sysiem
should always contain some method of shutting down the turbine and
generator in response to overspeed.
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Subsection 4.5 describes methods of shutting down the water flow under
overspeed conditions. It describes ways to minimize the impact of small
overspeeds due to varying loads on a generator by the use of governors and
load controllers.

4.8.6 Cost of Generators

The costs of both synchronous and induction generators are related to
the size of the equipment. The costs of both generators are based on
standard production models of the equipment. For this reason, the
“standard" synchronous generator is an 1800-rpm generator that is
manufactured for the gas- or diesel-fueled emergency or standby generator
market.

Figure 4.8-1 is a graph showing the 1imits of cost versus kilowatt for
1800-rpm synchronous generators, and Figure 4.8-2 is a graph of cost versus
kilowatt for induction generators. These costs are in 1982 dollars.

4.8.7 Electrical Equipment Sizing

. The Category 1 developer will want to analyze all electrical loads to
determine which ones will be used at what times. You should tabulate the

electrical loads on the basis of use not only during the day but also at
night.

The standard household nas many electrical appliances that are used
during the day. However, these loads are not all used at the same time.
Table 3.1 in Subsection 3.1 gives standard loads used in a residence and
gives kWh of use per month for each piece of equipment.

T+ is evident from a study of this table that heating lcai: have the
cnr osower use.  Careful study of the table will indicate weihods for

prog-amnaing a daily use pattern to keep the generators fully loaded.

The electrical 1oading required for the Category 1 developer example

{As~:e2i B) has been developed to show how a power systam wiit have to be
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Figure 4.8-1. Limits of cost vs kW for 1800-rpm synchronous generators.

analyzed. The example loading is developed in detail to show how
electrical loads relate to a site potential and the equipment that will be
- selected.

The analysis for a Category 2 developer is very simple. You determine
what you can generate, what you can use, and "dump" the remaining power to
the utility. If your pdwer consumption exceeds the power available from
the generator, then you can supplement by drawing power from the utility.
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The load analysis for a third situation is even simpler. This *:
where a Category 2 developer desires to sell all of the power preciuca? *: »
utility. This system requires 1ittle load analysis. The generator 71" -
sized to produce maximum power on the basis of flow, head, and invastmsid
capital.

4.8.8 Sizing the Electrical Distribution System

After you have selected a generator and the ratings of that genera.or
you are ready to design the transmission and distribution system for the
electrical energy produced. This is the wiring system that distributes th:
electrical energy from the®generator location to the point of use. It will
consist of wiring, overcurrent protective devices, such as circuit breakers
or fuses, panelboards, load control systems, and in the case of thé
Category 2 developer, transformers and high-voltage protection devices.

Figure 4.8-3 is a one-line diagram showing the various components of a
typical power system for a Category 1 developer. The generator will have a
set of wires from its load terminals to the generator overcurrent device
(see Subsection 4.8.9).

Generator overcurrent
protection

1.25 x full load
amps of generator

240 volt single phase

Minimum
distance Service discount N <
sized for house r\'
/ service O O
Individual
7\ N
=0 ' 0 O 0 O } branch
~ circuits
Q C
— Point of service 7~
Generator ground Feeder conductors ' o cidence -0 & y
from generator
(1.25 x full load
amps)
One line diagram
iNEL 23250

Figure 4.8-3. One-line diagram of typical power system for a
Category 1 developer.
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The main panel can be located at the house. The electrical wiring
from the generator overcurrent device to the house can be installed over-
head or it can be directly buried in earth or pulled in buried conduit.
The length of this feeder wire has a bearing on the wire size of the wire
required for this feeder. The effect of the feeder length is known as the
voltage drop of the feeder. ‘

The size of the residence's electrical service equipment is set by the
NEC. The residence's service entrance wiring and panels must be sized
according to its connected load and then derated as allowed by the NEC.
There could be a circumstance where the house service wiring and service
disconnect may be considerably larger than the feeder that supplies the
house from the generator. A load control system will control this maximum
load, but the service will still require the minimum size dictated by the
NEC. A1l electrical overcurrent protective equipment and wire is sized on
the current carrying capacity of the equipment. The equipment and wire
also have a voltage rating that states that the equipment will safely
operate at a given voltage.

Wire ampacity is sized for a single-phase unit from the equation

=200 xF (4.8-1)
where

I = amperes

P = power in kW

= = voltage

1000 = kW to watts conversion function.
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Using the example of the 15.5-kW, 120/240-volt, single-phase
for the rural site, we find the minimum ampacity of the conductor

0
L» 44]
|
D
far

o
TF
m

_ 1000 x 15.5

A= o

—
]

64.6 amperes.

The NEC requires that the conductor be rated for 125% of its
continuous full-load current. Since the generator must operate fuliy
Joaded to mazintain frequency ind speed requirements, the wiring and

overcurrent devices can be considered to carry continuous loads. Therefore:

I= 1.25 x I (4.8-2)
where

Im = minimum wire ampacity

1.25 = 125%

-t
1]

amperes, from Equation (4.8-1)

Thus, for the example

—
]

1.25 x 64.6

—
li

80.7 amps minimum wire ampacity

This is the minimum ampacity of the wire. You should use wire with a
higher ampacity than minimum for yoﬁr installation. Table 3.10-16 in the
NEC Handbook can be used to select the proper size wire with insulation
that is heat and water resistant (Type THW).

CAUTION: A1l conductors must have mechanical protection such as

conduit or direct burial cables, or be suspended at least 18 feet above
ground.
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Voltage drop is also a consideration if the load is located a long
distance from the generator location. Voltage drop can be calculated as

follows:
R ' (4.8-3)
where

ED = vo{tage drop

I = amperes

R = resistance of wire in ohms per 1000 feet (see NEC

Handbook, Table 8)
1 = length of wire in feet

Voltage drop should be limited to a maximum of 5% of the voltage. To
figure the percentage of voltage drop, take the calculated voltage drop
[ED from Equation (4.8-3)] and divide by the line voltage (E).

M

Ep
% drop = £ x 100 (4.8-4)
where
% drop = percentage of voltage drop

calculated voltage dreop in volte

Lghl

Yine voltage (e.g. 120, 208, 240, 480)
Tf I (amperes) is constant and the length of the 1ine is fixed, then

the c¢rily other variabie is R {the resistance of the power 1ine). The

ragisrroce decreases as wire size increases. Voltage drop will not be
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problem in most microhydropower installations, because the current is
1imited to the current produced by a 100-kW generator. The distance to tns
load or point of power consumption will be short, generally less thar

500 feet.

4.8.9 Overcurrent Protection

The amperage vating of overcurrent protection devices can be selected
in the same fashion as the minimum ampacity for wire. From
Equation (4.8-2):

Im =1.25 x 1

The ampacity of overcurrent protective devices has to be selected from
standard ratings. The NEC will allow the use of the next higher rated
device. (For the example of 80.7 amps, a 90-amp breaker can be used.)

The overcurrent device for the generator should be located as close to
the terminals of the generator as practical. This device can be mounted
right on the generator and can be specified to be supplied with the
generator by the manufacturer.

4.8.10 Step-Up Transformer

When connecting to the utility, the Category 2 developer will need a
step-up transformer that will interface between the generator voltage and
the distribution voltage of the utility. This transformer will have to
have a kilovoltampere (kVA) rating that is equal to or greater than the kVA
rating of the generator. This transformer should have a low-voltage
overcurrént device Tocated near the transformer and must have a
high-voltage fuse and lightning arrester located on the high-voltage sida
of the transformer. Again, the high~ and low-voltage overcurrent
protective devices should be rated at 125% of the fuli-load, high-side, and
low-side currents of the transformer.
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CAUTION: The utility's high voltage is dangerous. The utility will
make the final connections.

The utility may require additional protective relays. These are
discussed in Subsection 4.8.13. The sizing of these devices is critical to
the operation of the system. That equipment can be determined
cooperatively by the developer, the utility, the electrician, and the
supplier when the equipment is needed.

4.8.11 Grounding

Grounding of the power system is very important. If you plan to
produce power at 120/240 volts, single-phase; 120/208 volts, three-phase,
four wire wye; or 277/480 volts, three-phase, four wire wye; then a very
definite ground reference point for the electrical system neutral needs to
be established.

If you wish to establish voltage at 240 volts, three-wire,
three-phase, delta; or 480 volts, three-wire, three-phase, delta; then an
additional ground needs to be established for equipment grounding. Delta
generation systems are not recommended for personnel safety and equipment
protection reasons.

The NEC requires that a buried metal water pipe with direct contact in
earth for a length of 10 feet or more be used as the main grounding
electrode. This ground point has to be supplemented with one or more
additional ground points. It would be desirable to plan'at least 15 feet
of buried metal water pipe at the generator location. Other methods of
estéb]ishing a system ground are discussed in Articie 250 of the NEC
Handbook. '

It has been found to be good practice to weld all of the rebar in the
eg.ipment pad as part of the ground system. This rebar should be at least
20 fzet in total length and at least 1/2 inch (No. 4) in size. If these
requirements are met, the rebar can be connected to the generator as the
grai.nd system.
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Additional ground points that have to be bonded to the metal wa-=:
pipe are the metal frame of a building, if availabie, and a grounc ring
encircling the building consisting of at least 20 feet of bare coprz.
not smaller than No. 2 AWG.

Additional ground points to supplement the gererator grounding
electrodes are other metal underground structures and pipes, rod and pipe
electrodes, and plate electrodes 2 feet square. )

To summarize, the generator ground should consist of the following:

1. All grounds bonded or connected together at one point, preferably

in the overcurrent device enclnsure.

2. At least 10 feet of buried water pipe, such as metal penstock,
waterline, etc.

3. A ground connection extending from the rebar of the equipment
pad. A1l the rebar in the pad should be welded together.

4. A No. 2 AWG copper ground wire encircling the generator
building. This ground wire can be put in the ground when the

footings are dug.

5. A ground wire to the metal frame of the building if the building
is metal.

6. Additional buried structures or pipes, rods, etc.

Ground Systems 1 through 5 are required, if available at the generator
site. Ground System 6 can be used if available.

You should install the best ground system that you can implement to
maximize the safety of the system.
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4.8.12 Governors and Load Control Systems

In order to maintain the generator at a constant 60 hertz (Hz)
frequency, it is necessary to maintain the generator shaft at a constant
rotational speed. In a stand-alone system, the rotational speed of the
microhydropower generator can vary as loads are added to or subtracted from
the electrical system. When Equation (A6-14) is rewritten to solve for
frequency (f), it can be seen that frequency varies directly with rpm since ‘
the number of poles are fixed in any secific generator.

¢ = 120 x rpm (A6-14)
P
where
f = frequency in Hz
rpm = revolutions per minute
p = number of poles.

Therefore, it is desirable to either control the speed of a hydropower
generator by throttling the water to the turbine, or control the load of
the power system so that the lcad always remains constant. Speed control
is achieved with an electromechanical governor that controls the flow of
water entering the turbine. A load control system maintains a constant
load o¢n a generator by using electric relays, or electronic switches, or a
combination of both to continuously correct the load to the required level.

4.8.12.1 Governors. There are many small plants that use governors
‘o speed control. The governor usually consists of a vertical shaft that
a: .ounter opposed flyweights suspended from the top of the vertical

shat.

#5 the speed of the shaft increases or decreases, the f1ywe1§hts

move up or down the shaft, respectively. This movement is amplified,




usually hydraulically, so that small variations in speed can be san «
a proper control signal iransmitted to the valves or deflectors wnat
control the water pressure.

The industry standard governor is a Woodward Type UG, hydraulic
turbine control. The same governor that is used on large hydroelectric
piants is the one that is used on microhydropower plants. This governor .
capable of an output of 8 foot pounds of torque. This output is adequate
to power some methods of speed contirol such as operation of deflector- ¢t
deflect the water emitted from the nozzles of a small Pelton wheel. If a
means of conserving water is desired for a plant operating from reservoir
storage, the governor signal must be amplified again to be able to cliose a
valve to adjust flow. The second stage of amp]ificat%on is usually
accomplished by a larger hydraulic pump that actuates a ram to move the
valve actuator. This actuator must respond quickly enough to maintain
adequate frequency control, but the flow of water cannot be changed so
rapidly that damage to the penstock occurs. Governors are able to provide
speed control for a microhydropower installation in the range of 85% of
full load speed to 110% full load speed.

4.8.12.2 Load Controllers. Many small hydro plants are using

e1ectri£a1 and electronic control schemes. Frequency can be measured
electronically and compared against a set point. If the frequency measured
is Tow, i.e., the system is overloaded, then a low-priority load can be
deenergized. This method is referred to as Electrical Relaying. Loads can
be added or dropped in discrete units. Obviously, the type of load that
can be started and stopped often must be one that will not create a hazard,
an inconvenience, or a premature equipment failure by being automatically
switched in and out. The best loads for intermittent switching are
electric heating loads. Motors will overheat and can fail if started and
stopped too often.

The development of solid-state electronics has provided many devices
that switch much faster and are as reliable as the older electromechanical
relays. Some of the solid-state switching devices are used only for
electronic logic and signalling, while others are able to handle pcwer
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loads directly. The silicon controlled rectifier (SCR) or triac is
commonly used to switch power loads.

Electronic switches or triacs are capable of controlling the
electrical waveform to produce a frequency of 60 hertz but with a
diminished amount of power. A load can, therefore, be varied continuously
over the range from zero voltage to full load voltage.

An electronic load control system can sense changes in the generator
output and can adjust the load by switching electric relays and by
controlling electronic switches that can continuously vary their connected
load to match the generator output.

Consider the load system that was plotted in the run-of-the-stream
example problem (Appendix B).

The system has loadings that must be capable of continual operation
and cannot be controlled, such as:

Refrigerator
Freezer

Well pump

Kitchen equipment
Kitchen range

Lighting
TV and stereo

® Shop equipment.
The loads that can be controlled by the load control system are:

] Water heaters

£ Electric dryers

] tlectric heat during the winter

» Electric heat loads in other areas, which can be added to keep
the generator fully loaded.
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With the operation scenario given in the example in Appenciv <
power system will have a base load that varies between 2.2 and 17.5 (W
This leaves the remainder of the generator outonut for other contro: -
loads. Electrical water heaters can be installed and set up to e o 1o
control load, operating whenever the generator loading allows.

In addition, the owner of this system needs a heat load operated
through an electronic switch that will allow the load to be continuousiv
varied as the other loads vary. For example, 6 kW of baseboard hezte-
could be installed in the greenhouse te provide this load. The other
Toads, such as the water heaters or house baseboard heaters, can be
switched on a priority basis by relays as the loading of the genurator
allows.

EXAMPLE: At 4 p.m. one day, the generator has a base load of 7.4 kW
that is a combination of kitchen loads, shop loads, lighting loads,
and the well pump. Since the generator is operating at full capacity,
this leaves 6.6 kW of loads to be controlled. A frequency monitor
notes the need for additional loads and sends a signal to the load
control panel to start controlling the loads.

The first priority load is switched on--6 kW of greenhouse heat.

There are still 0.6 kW of generated power that need to be consumad.
The second priority load, a water heater, comes on. This load is

4.5 kW. Therefore, the first priority load is reduced by use of the
triac switch to 2.1 kW. Thus, there are 2.1 kW of load in the
greenhouse heaters that are now being controlled by the triac. As the
base load increases, this varied load will be reduced to zero. Then
the loads on priority control will be switched off.

By controlling the loads in this fashion, the system controls the load
on the generator and keeps the frequency constant. The load control system
is suited for stand-alone power system because it allcws the generation
system to operate at peak efficiency.

4.8-25




4,8.13 Utility Tie-Ins

There are several reasons for connecting to a utility grid.

[ Generation of revenue. If the generation of revenue is a

primary concern, the developer will want to tie into a utility to
maximize the riturn on investment.

] Load sink. For Category 1 develcpers able to consume the
majority of the power generated by the site, the utility may

. Power Backup. The utility carn act as a backup power source for
the Category 1 developer whese system is down for. repairs, or
when the water source is too low for power production.

. Reduction in equipment costs. Connection to an outside system

alleviates the need for expensive speed-regulating equipment.

Utilities have many different requirements for connection to their
power lines. These can range from as 1ittle as a lockable disconnect
switch at the point of tie-in to the utility system, to a total control
system that involves power metering, telemetering, and protective relaying.

The utility will require that protective equipment be installed for
the following reasons: '

. Safety. There are times when the power line will be down for
maintenance or repairs, or due to accidents, and the generator
will have to be taken off the power line. This will require both

auiomatic and manual disconnects.

@ rrotection of the generation equipment. There are instances

wviiere the generator should be taken off the power 1line to
mooamize the potential for damage.
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. Utility safety. The utility will also require protectiar “or

their system and equipment.

The protection equipment that must be installed on a microrys. i wzr
site for utility intertie depends on the requirements of the utility. You
will have to provide avercurrent and short-circuit protection for the
output of the generator. Some utilities may require little more than a
lockable disconnect switch on the line side of the generator overcurrsny
protective equipment. Another protective system may be a high-voltag. =
switch controlled by an undervoltage relay. This equipment would be owned
by tha developer. There are many other inexpensive potential protective

schemes.

The most sophisticated and expensive protective system currently being
proposed by utilities requires over- and undercurrent protection, over- and
undervoitage protection, differential phase protection, and reverse power

- protection. If the generator is a synchronous machine, the utility will

also require a synchronizing device to connect the generator to the system.

The protective equipment listed above will probably have to be
industrial grade. This equipment and the associated voltmeters, ammeters,
kilowatt meters, switches, and protective equipment become expensive when
mounted in a cabinet and installed at the site.

Some utilities may require notification each time the generator is
connected online. Notification can be made either by a telephone call or
by telemetering equipment installed to monitor the generator's activity.
This notification is for the safety of personnel working on the line.

CAUTION: The protection and disconnect system may appear expensive to
the developer. However, the intent of this protection is to protect life
and property. Work with the utility for this goal.

The utility will require you to install, maintain, test, and calibrate

metering equipment to measure the flow of power into the utility's grid.
This metering will be by a kWh meter that measures power "out" from the
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generator. The utility may also require a power "in" meter to measure both
demand and kWh used by the microhydropower system.

The utility may also require that you install metering to measure
reactive power, or kilovar hours. This would normally be when you are
using a large induction motor as a generator.

You will also have other equipment on the system that will have to
intertie with a utility. This will include step-up transformers,
protective equipment, and a high-voltage power line. Most utilities will
quote you a price for installing this equipment; others will insist on
instailing the equipment so that it is installed according to their
standard practices.

You will have to maintain the high-voltage 1ine and step-up
transformer. A utility may do this for you but they will charge a
maintenance fee.

CAUTION: Make sure that the people working on the high-voltage line
are qualified and capable of performing this work.

You may elect to have the power company install and maintain the
protective equipment, step up transformer, and power line. The power
company would be paid for all of their instaliation work at the time the
equipment is installed. A separate maintenance contract would then be
vritten between you and the utility specifying that you pay the utility a
monthly percentage of the construction cost for maintenance.

Another arrangement could be for you to contract with private firms
“or a1l sguipment installation and then set up a maintenance agreement with
whe utility specifying a flat rate for maintenance and repairs.

‘save ave many other requirements that a power utility may impose upon

the m.~~chvdropower developer. These requirements may cost money and would
rsve i7 he included in all financial analyses of the system.
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Following are additional requirements that you need to consiz:
carefully for their legal implications.

¢ Power factor correction. Power factor corrective capal~ ..

be required to correct the line power factor to 385% or even Yun
when an induction motor is used as the generator. These
capacitors could be mounted at the generator site or could be
furnished to the utility to be mounted on ancther segment of ir=

power line remote from the generator location.

CAUTION: When capacitors are used with induction motors, the
motor may continue to generate power even when the utility power
is interrupted. This could be a potential hazard to utility
personnel and should be discussed with them if they require the
use of a capacitor.

] Liability insurance. This insurance could be required to

indemnify the utility or developer from loss, damage, expense,
and 1iability to persons who could be injured by the deve]operis
or utility's construction, ownership, operation, or maintenance
or by failure of any owner to maintain the system. Insurance
1imits of $1,000,000 or more could be required.

® Easements. The developer will require easements and
right-of-ways to the utility for any interconnection equipment

and will therefore need a surveyor to write up the easement.

) Shutdown impacts. The contract may also address what happens

when the utility or developer has problems that cause the loss of
power generation capabilities by the developer or the utility.
This item needs to be addressed to minimize the impact of the
shutdown.

The microhydropower developer should remember that the utility is in
business to distribute and sell power. The utility desires to generate its
own power or to buy power in bulk. The role of the microhydropower
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~developer as power producer is somewhat minimal to a utility. Therefore,
the microhydropower developer will need to maintain a good rapport with the
utility and should be willing to work with their requirements.
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4.9 Drive Systems and Speed Increasers

The drive system is used to mechanically connect the turbine zh2i% ©:

-

. the generator shaft. This connection may take one of several fcrms

depending on turbine speed and preference of the designer. Where the
turbine speed matches that of the generator, the shafts of each are
directly connected using a coupling. When the turbine rotates either
sTower or faster than the generator, a speed increaser or reducer mus+ "=
installed in the system. This may take the form of a gear drive. hel:
drive, or chain drive.

Most generators will be selected in the 900 to 1800 rpm range for
microhydropower applications. Once the turbine has been <eiected and its

rotational speed determined, the ratic of generator speed to turbine speed
can be calculated.

R =$—"m . (4.9-1)
rpm
where
R = Speed Ratfo
Grpm = Generator speed in rpm
Trpm = Turbine speed in rpm.

EXAMPLE: Assume that the turbine operates at 600 rpm and an 1800-rpm
generator is being used; find the ratio.
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Therefore, the drive system selected must be capable of converting
every revolution of the turbine into three revolutions of the generator.

The power that a drive must transmit is an important consideration
when selecting and designing a drive system. In Subsection 2.5, the basic
power equation was given. An efficiency of 60% was recommended for use in
calculating your system's power. This power should not be used to size
your drive system, since some of the Josses included in the 60% will not be
present between the turbine and the drive. The most accurate method of
determining the power developed by the turbine is to use the basic power
equation but to substitute the turbine efficiency provided by the
manufacturer for "e" and the site's net effective head (see Subsection 2.2)
for "h". If neither of these values are known, an assumed efficiency of
100% and the pool-to-pool head can be used. This will be conservative and
oversize your drive but can be used in preliminary calculations.

4.9.1 Direct Connection Drives

Whan the turbine speed matches the generator speed, direct connection
offers advantages over speed increasing or reducing devices. Direct
connection avoids the efficiency losses associated with speed changing
devices, maintenance is minimal, and the system is more compact. The major
disadvantage of a direct drive is the possible damage that could occur
should either the generator or turbine suddenly "lock up" from a lightning
strike or debris entering the turbine. The damage to the still rotating
compenent and shafts could be extensive in this case. Even with this
disadvantage, however, direct drive is a highly desirable feature..

The connection of the generator shaft to the turbine shaft can be ‘done
with either rigid or flexible couplings. Rigid couplings provfdé a fixed
ur-“on between the shafts, requiring that the shafts have good initial
»iepment and stable support bearings. Misalignment can cause worn or
fa. ed bearings, fatigued shafts, broken coupling bo1ts; or worn bores in
the ~supling flanges. The three principal types of rigid couplings are
orpression, ribbed, and flange-face. These are illustrated in Figure 4.9-1.

o
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Compression couplings attach to the shafts by the compressive fo:ce
generated when tapered sleeves are wedged inward as the two halver of trne
coupling are drawn together by tightening bolts. This coupling is - "ta:
* . for light to moderate torque Toads. A ribbed coupling employs & iorc
set in keyways in both shafts and the coupling housing to lock the shetts
together. A flange-face coupling uses keys to lock the individual flanges
[ to each shaft and the flanges are then bolted together. Both of the latter

two couplings are capable of sustaining high toraue Toads. These o

% : are not particulatily suitable for axial loads (loads along the shaft
axis)j. Such loads result from hydraulic thrust of the turbine or from =he
weight of the rotating components on vertical turbines. If such load.
exist, a flange that is an-integral part of the shaft should be used.

In cases where misalignment between the shafts can be expected, a
flexible coupling should be employed. These couplings are common and are
referred to as chain, slider, gear, and flexible member couplings. These
couplings may be particularily unsuitable for axial loads. When using
these couplings, contact the coupling manufacturer for specific data on.
load (torgue and thrust), deflection, and speed capabilities.

4.9.2 Speed Changing Drives

For the majority of microhydropower sites, some sort of speed
increaser drive will be required because of insufficient head or flow to
operate the turbine at generator speed. These drives will increase the
cost of the installaticn but are necessary in order to provide synchronous
| speed for ac generator operation. It is possible that the turbine could
. rotate faster than the generator in special cases. A speed reducer type of
; drive would be needed in this case, and the same information is applicable
P as with speed increasers.
i

4,9.2.1 Chain Drives. Chain drives have many applications and have
the advantage of high efficiency, no slippage, and relatively high load
< capacity and life. Like couplings, they lock the generator and turbine
shafts togéther, which can cause damage if one component stops suddenly, as




Tapered
sieeve

Ribbed
coupling

Fl.ange-face
coupling

L
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Figure 4.9-1. Types of rigid coupling.

previously discussed. Manufacturers catalogs are the best source of
infori.tion on procedures for selecting and specifying chain drives, Input
info~nziior required includes: transmitted power, speeds of driving and
driv.. :riits, space limitations, center distances, and operating
conditiuns. If you determine that a chain drive is the type of system you
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wish to install, you should contact a manufacturer for further
information. Normally, beits are preferred to chains for micronycropower
applications because they are less costly to install and maintenanre <

minimal.

4.9.2.2 Belt Drives. Belt drives provide the lTowest cost means »f
transmitting power from one shaft to another. They operate smoothly aad
gquietly and can absorb appreciable shock. Slippage of the belt ana itc
sheave can occur if the shaft of either the generator or turbine lorre
providing an added measure of protection to the equipment. The basic powe.
transmission belt is the V-belt. It provides the best combination or
tractive force, operating speed, and service life. Flat belts were the
first belt used for industrial power transmission and still find
applications today. To prevent slippage of flat belts during operation,
however, the belt must operate under high tension. Such high tensile loads
require heavier shafts and bearings, as well as a heavier mounting
framework for the drive. * Synchronous belts have evenly spaced teeth on the
bottom surface that mesh with grooves on the pulley to produce a positive,
no-slip driving effect similar to a chain drive. While these belts can.be
used for microhydropower applications, there does not appear to be any
advantage over using a V-belt, and they are more expensive. V-belts are
considered the best selection for belt drive arrangements.

To facilitate interchangeability and insure uniformity, V-belt
manufacturers have developed industry standards for various types of V-belt
drives. Three major areas of application--industrial, agricultural, and
automotive--are covered by the standards. Only the industrial type of
belts are of concern for microhydropower use.

Industrial V-belts are made in standard cross-sections and are
referred to as conventional, narrow, and light duty. Conventional belts
are available in A, B, C, D, and E cross~sections; narrow belts are made in
3V, 5V, and 8V cross-sections; and 1ight duty belts come in 2L, 3L, 4L, and
5L cross-sections. Belts are designated by a symbol for the cross-section
. accompanied by the length designation. The length designation is in inches
except for narrow belts where it is in tenths of an inch. For conventional
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belts, a B90 belt has a B cross-section and is 90 inches long. For a

narrow belt, 5V1400 indicates a 5V cross-section and a 140-inch length.
Pelde ravmuina +ha camo Aocignatinn and nawavr watina awa indawnchanaas mla
og:L5 Larrying wie same Gesignaviin anl plwer racving avreg inwerinangedoie.

The selection of belts should be done with the heip of a manufacturer
or his catalog. There are several terms that the developer must be
the belt operates is referred to as the sheave or pulley. As the belt
bends around the sheave, the outer belt surface is stretched while the
inner surface is compressed. In the middle of the belt is a neutral axis
that does not change circumferential length. This line that does not
change length is called the pitch line, and it forms a pitch circle with a
pitch diameter on the sheave. The sheaves are selected and sized by their
pitch diameter in the catalogs. The distance between sheaves is called the
center distance. Figure 4.9-2 illustrates belt drive terms.

The sheave diameter and belt cross-section are selected in a
preliminary manner from charts and tables in a manufacturers catalog.
Selection is always based on the smaller diameter sheave, which revolves at
the highest rate. The chart shown in Figure 4.9-3 is for the preliminary
selection of conventional cross-section belts. Similar charts exist for
narrow and light-duty belts.

Once the type of belt has been selected, the smaller sheave diameter
can be selected from a table. Table 4.9-1 is typical of the tables found
in cdta1ogs§ It gives minimum recommended pitch diameter for the smallest
sheave. To use a smaller sheave than recommended would fatigue the belt,
reducing its operating life. The pitch diameter of the larger sheave is
found by multiplying the speed ratio and smaller diameter sheave together.
This large sheave diameter is compared to standard sheaves available in
catalogs, and the sheave with the nearest diameter is selected.
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Figure 4.9-2. Belt drive terms illustrated.
TABLE 4.9-1. SHEAVE DIMENSIONS
Minimum
Recommended
Belt Pitch
Belt Size Diameter
Section (in.) (in.)
A 1/2 x 11/32 3.0
B 21/32 » 7/16 5.4
C 7/8 x 17/32 9.0
D 1-1/4 x 3/4 13.0
E 1-1/2 x 1 21.6
4.9-7



Small-sheave speed (rpm)

5000

Design power (hp)

Figure 4.9-3. Conventional belt selection chart.
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You can now calculate the power that the belts must transmi-
power of the turbine is used as the starting point. This power —wiiig mu.
be modified to account for starting loads, peak loads, intermittent s:vv -
conditions, and any other operating factors that may affect the rot oo -
the drive. These various conditions are incorporated in a service facuor.
The turbine power rating is multipiied by this service Tactor to give the
design power of the belt drive. For hydroelectric turbines, a service
factor of 1.4 or 1.5 should be adequate. Therefore, if your hydroeiecir,ic
turbine is calculated to produce 10 kW and a belt system is to be sei.. ::
as the drive, the belts should be designed for 14 to 15 kW.

Calculate an approximate center distance unless the distance is
already fixed by the system design. A rule of thumb is that the center
distance should be 1 to 1-1/2 times the larger sheave diameter. Centers
should not exceed 2-1/2 to 3 times the sum of both sheave diameters. Once
the approximate center distance is calculated, you can calculate the
initial belt length with the following equation:

L=2C+1.57 (D +d)+ 1'3—4—5—912 (4.9-2)
where

C = center distance in inches

D = pitch diameter of the large sheave in inches

d = pitch diameter of the small sheave in inches

L = pitch length of the belt in inches.

Compare the belt length to the manufacturer's standard belt lengths,
and select a belt closest to the calculated belt length. Then recalculate
the true center Qistance using the following equations:
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K= L=1.57 (D+d)

5 (4.9-3)
)

C=K- Qg—'K——dL (4.9-4)
where

c = center distance in inches

L = pitch length of the belt in inches

D = pitch diameter of the large sheave, in inches

d = pitch diameter of the small sheave, in inches

K = a factor.

The remaining calculation is called the arc-length correction factor.
Horsepower ratings given in catalogs are for belts having a 180-degree arc
of contact. For drives other than these, a correction factor must be
applied. This factor can be found in catalog tables once you have
caiculated the arc of contact.. Use the following equation to calculate the-
arc of contacts ‘ '

e= {82923 (4.9-5)
where

; -o= arc of contact in degrées

0 = pitch diameter of the large sheave in inches

d = pitch diameter of the small sheave in inches

3
L]

center distance in inches.
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Typical correction factors are shown in Table 4.9-2, and an
illustration of the arc of contact is presented in Figure 4.9-4. “n1s
. correction factor is multiplied by the basic power rating of the V-%o .«
obtain the true belt power rating.

TABLE 4.9~2. CORRECTION FACTORS FOR LOSS IN ARC OF CONTACT IN DEGREES

Loss in Arc Loss in Arc
of Contract Correction of Contact Correct on
(degrees) Factor (degrees) __Facror
0 1.00 50 0.8
5 0.99 55 0.84
10 0.98 60 0.83
15 0.96 65 0.81
20 0.95 70 0.79
25 0.93 75 0.76
30 0.92 a0 .74
35 0.90 85 0.71
40 0.89 10 0.69
45 0.87

Arc
of
contact

INEL 2 2279
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Figure 4.9-4. Arc of contact.
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Dther correction factors are also used by manufacturers and will be
found in their catalogs. Corrections are used for long belt lengths and for
high speed ratios. Once you have determined the true belt power rating,
find the number of belts needed by dividing the calculated power rating of
the drive system by the power rating of the belts:

Rp
B = T (4.9-6)
B
where
B = number of belts
RD = power rating of drive system (turbine power x service
factor)
RB = true belt power rating.

EXAMPLE: Assume that the turbine operates at 600 rpm and the

generator at 1800 rpm. The turbine power has been calculated at 10 kW

.or 13.4 horsepower (10 kW x 1.34 hp/kW). Select the belts using the
following steps: '

Step 1. Select Belt Type

From Figure 4.9-3 at 13.4 hp and 1800 rpm, the belt type
is "BM. V

Step 2. Power Rating of the Drive System

1.5 is the selected service factor. Therefore,
13.4 hp x 1.5 = 20.1 hp
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Step 3.

Step 4.

Select Sheave Diameters

From Table 4.9-1, the minimum pitch diameter (d) of the

small sheave is 5.4 inches. Calculate the larger sheavs
pitch diameter (D) by multiplying the speed ratio (R) by
the small sheave diameter.

D=Rxd (4.9-7)
where
D = pitch diamter of large sheave in inches
R = speed ratio, from Equation 4.9-1
d = pitch diameter of small sheave in inches.

R was found to be 3 in a previous example. Therefore:

Lws]
1]

3x5.4

(=]
[}

16.2 inches
Check this diameter against manufacturers standard sheave
diameters from catalogs; assume that the nearest sheave

diameter 1s found to be 16.0 inches.

Determine Belt Length and Actual Center Distance

Using the rule of thumb that the center distance (C) should

be 1-1/2 the large sheave diameter (D):

1.5 x 16.0

e
n

(o]
n

24 inches
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Step 5.

The belt length is calculated using Equation 4.9-2:

2
L= (2 x 24.0) + [1.57 x (16.0 + 5.4)] + (15;0(54%‘)‘)

L=48 + 33.6 +1.17
L = 82.77 inches

Checking a manufacturer's catalog reveals that a B8l belt
has a pitch length of 82.8 inches. This is so close to the
calculated length that the center distance will not change
significantly. It is recalculated here as an example using
Equations 4.9-3 and 4.9-4:

(=828 - [1.57 x (16 + 5.00] _ 5y

K=24.6

2
C=oag - (16-5.4)

T g x(24.6)
C = 24.03

Find the Horsepower Rating per Belt

The horsepower rating per belt is found in each
manufacturers catalog for his specific belts. Assume that
the manufacturers catalog allows 6.3 hp per belt after
considering correction factors for a speed ratio of 3 and a
long belt. Find the arc length correction factor, using
Equation 4.9-5:

L= (16 - 5.4) x 57
24
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o

o = 25.18 degrees

From Table 4.9-2, the factor is 0.93 for 25 degrees

hp = 6.3 x 0.93

i

hp = 5.86 per belt

Step 6. Determine Number of Belts

From Equation 4.9-6:

20.1 hp (power rating from Step 2) _
5.86 hp (per belt hp from Step 5) 3.43 belts

Use 4 belts.
The drive selected then has the following specifications:

4 belts, Size B81
Turbine sheave--~4 grooves, 16-inch pitch diameter
Generator sheave--4 grooves, 5.4-inch pitch diameter

It is important to select your belt drive system in accordance with
recommended practices. Belt drives optimized for compactness using the
latest technology usually have the longest service 1ife. Both overbelting
and underbelting produce sizable energy losses. For example, the loss in
energy approximately doubles from 3% to 6% when a belt drive is operated at
only one-half the rated load capacity. In general, the energy loss due to
factors such as belt flexure remain constant even though the belt operating
Toad is decreased by half the rated capacity. Energy losses increase when
belt loads exceed their capacity due to belt creep and distortion. This
occurs when the belts are underdesigned.
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Poor belt maintenance can be another cause of significant energy
losses. Low belt tension can cause losses of as much as 10%, and
misalignment, worn sheaves, and debris in the grooves all contribute to
efficiency loss and reduced belt life. Belt tensioning is an important
conéideration, and the manufacturer's catalog should be reviewed or the
representative contacted to obtain data on correct tensioning of belts.
Belt drives should always be designed with center distance adjustment since
belts will stretch during use and require periodic adjustments. .

4.9.2.3 Gear Drives. Gear drives provide the strongest and longest
service of the mechanical drive trains considered when speed increasing or
decreasing is required. They are also the most expensive drive systems.
If you feel that a gear drive is needed to couple the turbine and
generator, you should contact a manufacturer of such drives to assure
proper installation.

The most common gears used for the transmission of power between
parallel snafts are spur gears, helical gears, and herring bone gears.
Spur gear teeth are straight and parallel to the shaft axis. They have no
end thrust loads, and are economical to manufacture and easy to maintain.
Helical gears have teeth that form a helix. They have greater load
carrying capacity, and operate more smoothly and quietly than spur gears of
equivalent size. Helical gears are more expensive to manufacture and,
because of their design, they produce end-thrust that in turn requires
end-thrust bearings. Herring bone gears are double-helical gearsAthatl
eliminate the end thrust loads of single helical gears. These gears are
primarily used for the transmission of heavier loads, which would not be .
present in microhydropower units. Their expense is probably not warranted
for small microhydropower installations.

If the turbine and generator must be mounted at right angles to one
another, several gear combinations can be used. The simplest and most
inexpensive are bevel gears, which have straight teeth and would perform
satisfactorily for microhydropower instailations. More expensive gears,
which are quieter and can sustain higher loads, are spiral bevel gears and
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crossed helical gears. Gear drives are also available for situations wizr:
shafts are not parallel or perpendicular but are skewed at an angie between
zero and 90 degrees.

e design of gear drives is a complicated procedure and best lefi to
the manufacturers of those drives. The calculations for gear tooth,
bearing, and shaft loadings, as well as the selection of seals and
Tubrication are major tasks beyond the "scope of this book. When discussing
a gear drive with the manufacturer, be sure to have available the powwr to
be transmitted, speed ratio, space limitations if any, the arrangement of
the turbine and generator, and any thrust loads that the turbine may
introduce into the drive.
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5. DESIGN PACKAGE, CONSTRUCTION, AND INSTALLATION

In this section you will assemble the design package (inciudiry *ne
final cost estimate and a construction schedule), order equipment and nave-

' rial, and construct and assemble the system.

5.1 Design Package

At this point in the project, you should have a clear 1dea of how '
project will Took and what it will do. Events 1 through 22 in the event
schedule given in Section 1 should be completed or in progress. All ascigr
information should now be put into a single design package so that you can
readily refer to any design aspect of the job or track costs and progress
during construction. This design package will also help identify probiems
during initial system startup and during later operation and maintenance of

the project. As you obtain equipment manuals and other information during

" construction, add these to the design package.

The design package should consist of final construction drawings, sbec-
ifications or data sheets for major components, material takeoff sheets, bid
packages, cost estimate, and final schedule. Depending on your particular
site, you may not need some of these items in the design package. The pur-
pose of the design package is to ensure the following:

] A1l site considerations and constraints have been identified

[ A1l equipment has been identified and selected

] The size and operating specifications for the equipment and mate-
-rial are compatible

@ All construction material has been identified
® A1l outside labor has been identified

] A1l known problem areas have been identified and solved
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] The budget and schedule are reasonable and realistic.

5.1.1 Final Drawings

Collect and review all sketches drawn in Section 4. Correct any defi-
ciencies in the design. Provide clear sketches to identify the work to be
done by a contractor or someone else. The drawings need not be profession-
ally done, but they should be drawn to scale and show enough detail so that
contractors and inspection officials will clearly understand the project.
Copies of the drawings will be needed, and therefore the drawing size and
material should be compatible with the copying method. Drawings on letter
size graph paper can be photocopied, but larger drawings can only be repro-
duced using a blueprint or similar process.

The recommended drawings include one sketch showing the entire system
and several smaller ones showing details of specific components. An eleva-
tion cross section should be drawn that includes the elevation of the
intake, powerhouse, and tailrace; it should also include the gradient or
slope of the penstock. The final drawings should contain enough detail so
that an accurate materials list can be generated. Forgotten or insufficient
matgria]s can cause serious delays during construction.

The agencies responsible for issuing the permits you must obtain will
be more receptive when you present complete plans and working drawings.
Furthermore, you will save time during the permit process by having good
drawingsvgo that specific questions can be answered quickly.

5.1.2 Data Sheets, Specifications, and Bid Packages™

The major data sheets you should have at this point are the Turbine-
Generator Information Request in Subsection 4.2 and the Design Specification
in Subsection 4.3. If data have changed since the basic concept was pre-
sented to the manufacturers, resubmit the new data--for example, new site
characteristics--to ensure that the turbine-generator will function properly
at your site. The data sheet submitted by the turbine manufacturer should
also be in the design package.
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For large turbines and other large equipment, you may want to wri‘e 3
formal bid specification. This can be a performance specificaton ar a pro-

curement specification. The former specifies performance characterisiins

. the latter specifies equipment. In most microhydropower applications, fur-

mal specifications will not be necessary, but you should still prepare data
sheets that describe the performance requirements of major equipment to be
purchased. This allows you and the manufacturer to agree on equipment

performance and costs.

For items such as pipe, valves, wiring, and concrete, you can call or
visit several suppliers to obtain quotes for the items without bether:ag s
use data sheets. This is an acceptable method, but a written quote with 2
description of any ordered items prevents unwelcome surprises when the items
are delivered. Although this paperwork may seem unnecessary, it takes
Tittle time and provides a record of the purchase agreement.

Poor timing in the ordering and delivery of material and equipment can
delay construction. For example, it may take from 6 months to a year to
obtain a turbine-generator, and therefore delivery times should be known and
ordering complete before constructin is begin. Always request that sup-
pliers state delivery times when discussing material procyrement.

5.1.3 Material Takeoff Sheets

To estimate cost and order material accurately, a material list must
be prepared. Carefully review each drawing and sketch to determine exactly
what material must be procured. (This further points to the need for accu-
rate drawings and sketches.) List each item to be procured on a "material
takeoff sheet." This sheet should contain a description of the item, the
quantity, and the name of the supplier, if known. An inaccurate list can
waste time and money: the cost and time to deliver a couple of forgotten
lengths of pipe or an additional 4 cubic yards of concrete to a project in
a remote area can be substantial. You should therefore recheck the material
takeoff 1ist to ensure that all needed items are ordered. Order spares if
an accurate count cannot be made, or if some items could be Tost or damaged.
Most suppliers will allow you to return undamaged extras that are not
needed.
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While estimating the material needed for the project, include construc-
tjon material such as concrete forms, scaffolding, and earth moving equip-
ment; include these on your material takeoff sheets.

5.1.4 Detajled Cost Estimate

A detailed cost estimate includes the material cost, the estimated

- Jabor cost to install or construct an item, and any equipment rental
required. The material takeoff sheets should be used as starting points for
preparation of the cost estimate.

The three most common materials on the sheets will be concrete, wood
for concrete forms and for the powerhouse, and pipe for the penstock. The
length of penstock should be known by this time. If concrete is purchased
commercially, keep in mind that it is sold by the cubic yard and that
1 cubic yard equals 27 cubic feet. From the working drawings, determine the
volume of concrete in cubic yards for the entire project. For example, a
forebay wall that is 5 feet tall, 8 feet long, and 6 inches thick would have
a total volume of 16 cubic feet (4 x 8 x 0.5 = 16), or about 0.60 cubic
yards (16 + 27 = 0.60).

Figure 5-1 is a suggested form to help determine the project cost. For
a given item, the form lists the description, material quantity and units,
material cost per unit, unit labor hours to install material, total labor
hours, labor rate, labor cost, material cost, and total cost. All material,
labor, rentals, and equipment should be included in the cost estimate.
Copies of the form can be found in Appendix I.

For the total estimated cost, sum the above estimated costs, add 10%
for administration (permits, etc.), and then 15% of that sum for
contingency.

EXAMPLE: Assume that the summed estimated cost is $10,630; find the
total estimated cost.

For administration cost, $10,630 x 0.10 (10%) = $1,063.
The sum is then $10,630 + $1,063 = $11,693.
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For contingency, $11,693 x 0.15 (15%) = $1,754,
Thus, the total estimated cost is $11,693 + $1,754 = $13,447.

Now, make the final go/no-go decision. Like the previous decisions,
this one should be based on economics. Category 1 developers can compare
the total project cost to the benefit gained from the project. Category 2
developers should do a more detailed analysis using the procedure outlined
in Subsection 4.3.1. If the decision is to proceed, refer back to
Section 1.5 to make sure that Events 27 through 32 are completed before
starting construction.

5.1.5 Construction Schedule

Prepare a construction schedule to determine when work on the project
must be done, or when it can be done. 1In developing the schedule, be sure
to consider the following: -

. Weather--In cold climates, winter can present a serious obstacle.
Snow and cold can make the job unpleasant and may affect the
quality of the work. Concrete in particular is difficult to work
with in freezing temperatures, and concrete work should be sched-
uled for the best weather possible.

. Streamflow--Work on streams is easier if done in the dry season,
“~which, for most of North America, is in late summer and early

fall. Check the stream flow data to determine the dry time.

) Use of Machinery--If you rent small construction equipment such

as a backhoe or grader, identify and schedule the tasks for which
it will be used before the unit arrives so that you can get
maximum output for least cost.

. Availability of Contractors--As the schedule is developed, make

sure that the contractors will be available at the time allocated
for the task. Make sure that the contractors understand clearly
what is expected of them. Use the working drawings to help in
this process.
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. Availability of Material--To meet a construction schedule, 7t '»

important that the material be on the site when needed. Altheugn
more common items can usually be obtained as stock items ¢:.m
Tocal building material suppliers, specialty items such as pean-
stocks, valves, and turbine-generator sets must be ordered;
delivery times can be critical.

Several people can work on different parts of the system at the 5 =g
time. For example, one may be digging the penstock trench while anat--.
stringing the transmission Tin.. If only one person is building the sy:ten
construction time will obviously be correspondingly longer. Keep ia & .
that projects of this kind will almost always take longer than anticipateg,
especially the first time. When scheduling work, take care that unexpected
delays don't push critical parts of the project into the winter months.
Concrete work should be done when above-freezing temperatures are assured
for one week following the pour. Otherwise, the fresh concrete will have

L

to be protected.

A construction schedule is a working document. Even the effort to
generate one will be helpful. Most of the needed informaticn is developed
for the drawings and cost estimates. To develop the schedule, you will
need a list of tasks, their sequence and duration, and who will do them (if
more than one person is on the project). A time line summarizing this
information can then be generated.

5.2 Construction and Installation

5.2.1 General

Preparations for the construction of the microhydropower project should
be carefu11y‘p1anned to assure that construction delays are minimized. The
material takeoff sheets and schedule (see Subsection 5.1) should ensure that
the construction materials and equipment will be available when needed.
There are other problems that can delay or stop construction if you do not
consider them. Review any special requirements of your site. The following
items should be considered for all sites:
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» Heavy Items--Plan to have appropriate 1ifting equipment available
to offload heavy items (e.g., turbine-generator, transformer) and
set them in place.

. Access=-Provide sufficient access to bring construction equipment
~ onto the site. This may require improving existing roads or
building new ones.

[} Utilities--The utilities needed for construction (e.g., power,
water, compressed air) should be identified early so that you can
arrange to have them available when construction starts.

For somewhat remote development sites, the most versatile piece of
equipment for 1ifting and excavating is probably a backhoe. A backhoe can
usually be rented locally, or the backhoe work can be contracted for at
‘reasonable hourly rates.

Although ready-mix concrete is usually less costly, limited site acces-
sibility may require that concrete be mixed at the site. For example, if
loaded concrete trucks cannot pass over light-duty bridges or culverts, a
small, gas-powered concrete mixer can be rented for onsite mixing.

If an overhead powerline is required, it must be installed by an
‘experienced powerline contractor. The equipment and experience required for
setting the poles and for installing wire, crossarms, insulators, and pole-
mounted transformers are not normally available except through such a con-
tractor. Direct burial of cable for an underground powerline is a different
matter; only rented trenching equipment is needed.

Temporary diversion structures required to divert water flow away from
construction sites can cause temporary impoundment problems or soil erosion.
If a temporary coffer uam of some size is required and water flows are sig-
nificant, the help of a consulting engineer will ensure a sound structure;
worker safety and the integrity of the construction in progress is of
primary concern.
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5.2.2 Civil Works

The civil works include excavation, placement of the penstock, vr=-
struction of the powerhouse, laying of concrete, and the building of caraic
and diversion structures. Depending on your experience and available time,
you may want to do some of this work yourself. If you are not experienced
in this area, you should hire a contractor to do the work. Failure of civl
works through inexperience can be catastrophic to the project. For
instance, if insufficient compaction of soil in the trench allowad the ner-
stock to sag and rupture, the resulting flooding could damage the
powerhouse.

It is not the intent of this section to enable an inexperienced person
to do the work himself; the intent is to provide guidelines and terminology
so that you can understand what a contractor is doing and why. Refersnces
are included so that you can study particular aspects of the job and perhaps
do portions of the work yourself.

5.2.2.1 Excavation and Backfill. The burial of the penstock, con-

struction of the powerhouse, and placement of footings require experience
with soil and rock excavation and backfill. The excavation and backfill
provide a solid base for support of the structure under consideration.

Soil can be excavated by hand or with specialized machinery. For
safety, trenches or other excavations more than 5 feet deep should have
sides backsloped at approximately 45 degrees to prevent cave-ins on workers.
Explosives are used to excavate rock: the rock is drilled, the charges
placed, the explosive fired, and the debris cleared away. An experienced
contractor should do this work.

The contractor may wish to sample the soil or test the area to be exca-
vated. Although specific 5011 tests can provide valuable information and
save money, you can avoid unnecessary costs by verifying what data and tests
are needed. For example, most microhydropower structures will be small;
heavy soil loading is not anticipated. The contractor may only need tests
to determine the amount of rock in the excavation area or the suitability
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of the soil as backfill material. Question any aspect of the construction
job that you are not familiar with. Most contractors will gladly explain
the benefits of testing or of a specific method of working.

Consolidation of soil is a principal cause of structure settlement.
Consolidation results when a load on the soil causes the ground water to
flow out of the soil. In saturated sands and gravel, which are very porous,
consolidation occurs qujck]y because the water can move freely through the
voids.. In fine-grained cohesive soil such as clay, the capillary size of
the pore spaces between the soil grains prevents water from flowing freely
and slows consolidation. Under a load, however, the water will gradually
be forced out, allowing the soil particles to crowd together. This reduces
the volume of the bed, allowing the structure resting on the soil to settle.

The contractor's experience should help prevent excessive or uneven
settlement that can damage the structure. He may suggest increasing the
bearing area of a structure's footings, placing a more porous bed of mate-
rial under the structure to drain the water and spread the bearing load,
installing pile foundations, or providing a drainage system to remove the
water and keep the soil dry. Soil tests can determine if a settlement
problem will exist. Keep in mind that the microhydropower structures should
not produce large loads and that proper design of footings will spread the
load over a large area and minimize settlement.

. Backfill of trenches and areas around structures is important. Proper
'béckfi111ng supports underground structures and the penstock. When backfill
is placed, it should be tamped at regular intervals to ensure that it is
compacted. The backfill material should be low in organic content (leaves,
“branches, etc.) and should not contaid large quantities of rocks.

The moisture content of the backfill should also be controlled. Too
much or too 1ittle moisture can cause the fill material to settle. If set-
t1ing produces a depression along the penstock or a footing, runoff could
erode the remainder of the soil and leave the structure unsupported. Mois-
ture content of the backfill material should be controlled near its optimum
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Tevel, at which a given soil can be compacted to its maximum dencity hy
means of standard compaction methods. This optimum level can be Zetorm:nad
by soil analysis or can be judged by experience.

Excavation for footings should be deep enough so that the footing base
is below the frost line. If soil freezes, ice crystal formation causes
swelling and upheaval of the soil mass. Settlement from thawing can then
damage concrete structures extensively.

The detailed informaton in References a through d will help you 17 yo.
plan to lay underground pipe or compact soil yourself.

5.2.2.2 Concrete. Concrete is a mixture of.sand, gravel, crushed
rock, or other aggregate held together by a hardened paste of cement and
water. When properly proportioned and mixed, the raw mixture can be cast
into a predetermined size and shape. The proportioning and mixing can sig-
nificantly impact the workability and texture of the concrete. Excessive
aggregate and minimum sand give a textured rather than a smooth surface.
Oversanding the mixture gives a putty-like appearance. Neither mixture
produces good concrete.

Workability can be visualized as a composite of texture and slump. The
term slump is used in concrete specifications. Slump is determined by
filling a frustum of a cone with a concrete mixture, removing the cone, and
measuring the subsidence of the mass below its original height. The amount
of subsidence is the slump value. Concrete mixes that have low slump values

a. Handbook of Culvert and Drainage Practice, Armco Drainage and Metal
Products, Middieton, Ohijo.

b. Handbook of Steel Drainage and Highway Construction Products, American
Iron and Steel Institute, New York, NY.

c. Handbook of Soil Compactionology, Bros/Tema Division, American
Hoist & Derrick Co., St. Paul, MN.

d. Soil Compaction and Equipment for Confined Spaces, Wacker Corp.,
Milwaukee WI.
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are stiff and hard to work into tight spaces. For thin walls or areas con-
gested with feinforcing steel, a concrete with a high slump is desirable
since it will flow into all areas with minimum tamping or vibration. The
wetter the concrete mix, the higher its slump value and the lower its
ultimate strength.

You should determine what application the cancrete is intended for and
then decide on whether you need it wet, dry, or medium. For most micro-
hydropower work, a minimum slump of 3 inches and maximum of 6 inches should
be adequate. This is a medium mixture and should cure in 28 days with a
compressive strength of 3000 pounds or more per square inch. Figure 5-2

illustrates the use of slump to achieve correct consistency in deep, narrow
forms.

Water used for mixing cement should be clean and free of organics and
excessive minerais. Generally, any potable water is suitable for use.
Sewage, industrial waste, and corrosive sait waters should be avoided.

Detailed information on the use of concrete can be found in
References a, b, and c.

5.2.2.2.1 Placement--Concrete is placed in structures using
either chutes or wheelbarrows. Chutes should have a slope pof one vertica]h
to two horizontal so that the concrete mixture flows freely. Flatter slopes
encourage the use of additional water, leading to segregation in the mixture

a. Joseph J. Waddell, Concrete Construction Handbook, McGraw-Hill,
New York, NY.

b. Concrete Manual, U.S. Department of Interior, Bureau of Reclamation,
Washington, D.C.

c. Design and Control of Concrete Mixtures, Portland Cement Association,
Skokie, ILL.
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required at bottom. High slump at
top results in excessive water
gain with resultant discoloration
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and low strength. The method of placement is also important in preventing
segregation. Figures 5-3 through 5-6 provide some examples of placement
methods. These examples were taken from Reference a.

NOTE: If you are pouring the equipment pad during construction of the
powerhouse, time spent to ensure a level and smooth surface will
simplify the installation of equipment.

5.2.2.2.2 (ompaction--Concrete is compacted by manual spading,
walking in, tamping, or vibrating. Vibrators can be applied to the concrete
or to the outside of the form. When placing concrete on a previous pour
that is not yet rigid, compaction is important to ensure mixing and bonding
at the interface. Compaction works the concrete into the corners of the
forms and into areas of dense reinforcing bar placement. Figure 5-7 shows
the use of vibrators to compact concrete. The figure also shows removal of
a rock pocket to allow better compaction and ensure consolidation of the
pour. '

5.2.2.2.3 Curing--Curing of concrete ensures proper hydration
so that it develops the needed strength and hardness. Concrete should be
kept moist for a period of at least 7 to 14 days. Sprayed-on membrane cur-
in§ compounds can be used to retain moisture, or canvas, straw, earth, or

N

bur1§p can be placed over the concrete and dampened periodically.

5.2.2.2.4 Watertightness--Concrete can be made practically
impervious to water by proper proportioning, mixing, and placing. Patented
compounds are on the market for producing watertight concrete, but good

results can be obtained by increasing the percentage of cement in the mix.
The mixture should contain more fine material and an additional portion of
cement. Six bags of cement per cubic yard of concrete will give an
acceptable mixture. )

1 ¥}

a. Concrete Manual, U.S. Department of Interior, Bureau of Reclamation,
Washington, D.C.-
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Placing concrete on a sloping surface

Correct

Piace baffle and drop at
end of chute so that separation
is avoided and concrete remains
on slope.

Incorrect

To discharge concrete from
a free end chute on a slope to
be paved. Rock is separated and
goes to bottom of siope.
Velocity tends to carry con-
crete down slope.

Control of separation at the end of concrete chutes

1( Provide 24-

1! inch minimum

C_ﬁ headroom
) ]
L

for downpipe

Correct-

The above arrangement pre-
vents separation, no matter how
short the chute, whether concrete
is being discharged into hoppers,
buckets, cars, trucks, or forms.

Baffle

incorrect

Improper control or lack of control
at end of any concrete chute,
no matter how short. Usually,
a baffle merely changes direction

of separation.
INEL 22673

Figure 5-3. Placing concrete on slope, and control of separation.
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L2 Drop chute
s buiit into
. forms
% A .
;j
s
=
']/ % Separation
Pocket / q § N
Drop chute
to moveable
pocket or
opening in
form
Correct ' Incorrect
Drop concrete vertically To permit high velocity
into outside pocket stream of concrete to
under each form enter forms on an angle
opening so as to let from the vertical
_ concrete stop and flow invariably results in
easily over intc form separation.
without separation. INEL 2 2668

Figure 5-4. Placing concrete in forms.
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Placing concrete in top of narrow form

Chute or .~ Chittz o
wheelbarrow (- wheeativw

Incorrect

Correct
Discharge concrete into light To permit concrete to strike

hopper feeding into light fiexible against form and ricochet on bars

drop chute. Separation is avoided. and form faces causing
Forms and steel are clean until separation and honeycomb at the

concrete covers them. bottom.
INEL 2 2671

Figure 5-5. Placing concrete in top of narrow form.

Correct Incorrect

To dump concrete into face of To dump concrete away from
concrete in place. - concrete in place.

INEL 2 2670
Figure 5-6. Placing slab concrete.
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Correct

.. Start placing at bottom of
siope so that compaction
is increased by weight of
newly added concrete as
vibration consolidates.

Incorrect

To begin placing at top of
slope. Upper concrete tends
to pull apart, especially
when vitrated below.

When concrete must be placed in a sloping lift

Correct

Vertical penetration of
vibrator a few inches into
previous lift (which should
not yet be rigid) at system-
atic regular intervals.
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Incorrect

Random penetration of
the vibrator at all angles
and spacings without
sufficient depth to assure
monolithic combination of
the two layers.

Systematic vibration of each new lift

Correct

Shove: rocks from rock
pocket onto a softer,
amply sanded area and
tramp or vibrate.

- Incorrect

Attempting to correct rock

a

. pocket by shoveling mortar

nd soft concrete on it.

Treatment of rock pocket when placing concrete

Figure 5-7.

INEL 2 2669

Compaction with vibrators, and treatment of rock pocket.




New concrete can be bonded to old by wetting the old surface, pla:iri~
ing it with neat cement (a mixture of cement and water), and pouring tre new
concrete before the neat cement has set. Where two surfaces adjoin =~ o0
- will be poured and allowed to harden before pouring the second, rucher waisw
stops designed to waterproof joints should be installed in the first pour.

5.2.2.2.5 Air Entrainment--The entrainment of air using resirs

or other air-bubble-forming compounds gives the concrete somewhat grea er
plasticity and freedom from segregation, and increases its durabilizy
against freezing and thawing. Aithough'the added resins and the resulitirg
air voids reduce the strength of the material, the greater workability ..
the air-entrained mixture allows a reduction of water content and a highar
ratio of course aggregate to fine, thus compensating for any loss in
strength.

5.2.2.3 Concrete Forms. Concrete to be placed for slabs, walls, or

columns must be supported in forms. The purpose of the forms is to contain
the concrete until it has the strength to stand by itself and to prevent.
leakage that will cause the concrete to honeycomb. It is important that the
forms have sufficient strength and rigidity to prevent bulging or sagging,
which will permanently damage the structure. The pressure on the forms is
equivalent to that of a liquid with the same density as concrete. The forms
should be left in place 7 days for vertical walls and 28 days for a support
structure.

The forms should be checked for 1ine and grade when they are placed.
The interior surface of the forms must be smooth and tight at joints to give
a clean finish to the concrete. A1l dirt, shavings, and other debris should
be removed from the forms. Wood forms should be drenched for 1/2 hour or
more before placement of concrete, since swelling of dry forms in contact
with wet concrete may distort the form. Forms that are reused should be
thoroughly cleaned and oiled. A light oil should be used, and any excess

should be wiped off to prevent staining the concrete surface.
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Stability is an important consideration in construction of forms. If
there is any movement of the forms as the concrete is poured, all work
should be stopped and the problem corrected. Some common deficiencies
resulting in form failure are:

) Inadequate cross-bracing of the shores

) Inadequate horizontal bracing and poor splicing

. Failure toc regulate the rate of concrete placement

° Poor regulation of the horizontal balance of form filling
. Unstable soil under the mud sills

‘® No provision for lateral pressure

. Inadequate bracing for wind pressure

. Vibration from adjacent moving loads

» Nearby embankment slippage.
If vibrators are to be applied to the outside of the form, it is
essential that the forms be sturdy enough to prevent misalignment or other

damage from this added stress.

5.2.2.4 Concrete Reinforcing Steel. Reinforced concrete is a combi-

nation of steel and concrete fabricated into a structural member. Concrete
is weak in tension, and steel bars embedded within the concrete provide the
needed tensile strength. The concrete protects the steel against corrosion
and fire damage. The concrete adheres to the surface of the bars, and lugs
on the bars also anchor them in the concrete. This gripping action,
referred to as a bond, keeps the bars from slipping through the concrete so
that the concrete and bars act as a single unit.
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Reinforcing steel is avaiiable as single bar lengths or wire mass s
1ight gages, wire mesh is available in rolls and is common for building "o~

Toader, 130

struction. Large sheets of heavier gages are used for highly
. The wire mesh is furnished in square or rectangular patterns welded 3t 2.c¢n
intersection. A 4-inch-square mesh will greatly enhance a slab's durability
and resistance to cracking. If lighter gages are used, the concrete will
tend to push the wire to the bottom of the form. A hook tool should then
be used to pull it back up into the concrete after the concrete has bz
tamped and before troweling the surface. The wire should be pulled ui 2uoo

1 inch from the bottom of the form.

Single bar reinforcing steel is used for walls, columns, and <he zgquio-
ment pad. Reinforcing bars come in many sizes and several grades.
Table 5-1 gives the available sizes of bars, and Figure 5-8 shows the vari-
ous grades with identification marks. The grades refer to the different
strength properties of the materials from which they are fabricated. For
microhydropower applications, any of the grades should be acceptable.

TABLE 5-1. ASTM STANDARD REINFORCING BARS

Designation (in%) (1b/ft) Diameter
#3 0.11 0.376 0.375
#4 0.20 0.668 0.500
#5 0.31 1.043 0.625
#6 0.44 1.502 0.750
#7 0.60 2.044 0.875
#8 0.79 2.670 1.000
#9 1.00 3.400 1.128

#10 1.27 4.303 1.270
#11 1.56 5.313 1.410
#14 2.25 7.650 1.693
#18 4.00 13.600 2.257
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Figure 5-8. Reinforcing bar grades.
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The proper embedment of the bars in the concrete is important +o -
strength of a reinforced concrete member. The minimum standards <hown 1.
Figure 5-9 can be used when the embedment has not been specified on .
ing. The exact positioning of the bars in relation to one another "5
erally not as critical as the embedment as Tong as the number of bars called
for used. The amount of steel bar used should be determined by a technical
person if the structure is to be heavily Toaded and unsupported over a long
distance. If you are not familiar with the placing of reinforcing bzr
concrete, seek help in determining the bar size and placement. IF inz
equipment pad is to be placed on the ground, No. 4 rebar on 1-foot centers

should provide an adequate mounting pad.

Once the bars have been placed, they should be securely held in posi-
tion by wiring or welding the bar intersections to avoid displacement during
pouring. This wiring or welding of the bars only provides stabiTity; it
adds nothing to the strength of the structure. The number of intersections
that must be tied or welded is a matter of judgement, but it should be suf-
ficient to secure every intersection around the periphery and every third
or fourth intersection in the interior. Methods for tieing bar inter-
sections are shown in Figure 5-10. If the bars are welded at the inter-
sections rather than tied, the slab and bar can serve as an electrical

ground through a Tead from the bar to the generator ground system.

Additional information on the placement of reinforcing bar can be found
in Reference a.

5.2.2.5 Anchor Bolts. Anchor bolts to mount major equipment should

be positioned before pouring the concrete for the equipment pad or power-
house floor. If anchor bolts have not been set into the concrete, you may
have to chip out the concrete to install and grout the bolts in place. For
mounting small equipment, the concrete can be drilled to install concrete
anchors.

2. Manual of Standard Practice for Placing Reinfocrcing Bars, Concrete
Reinforcing Steel Institute, Chicago, IL.
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Figure 5-9. Reinforcing bar embedment standards.
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Figure 5-10. Methods for tieing reinforcing bar intersections.

The anchor-bolt size should be recommended by the equipment manufac-
turer. If the equipment must be leveled, leave an additional 1/2- to
1-inch length of bolt aboVe the floor over the length needed for the
equipment base, nut, and washer to allow for shimming and grouting (see
Subsection 5.3).

A solid connection of the turbine-generator to the equipment pad is
essential. The mounting bolts poured into the pad must line up precisely
with the corresponding holes in the turbine frame. To ensure this alignment
and proper bolt depth, some turbine manufacturers supply a steel template
and mounting bolts. (A steel template can also be fabricated, if necessary,
once the exact spacing, depth, and bolt size is known.) Each bolt is
inserted in the corresponding hole in the template and held securely with a
nut. The steel template assembly is then cast into the eguipment pad.
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A less costly plywood template can also be used. A plywood template
is usually not cast into the slab, but used only to aid in placing the
mounting bolts. For plywood templates, two nuts, one above and one below
the template, are adjusted to hold the bolt at the proper depth.

If anchor bolts are poured into the concrete and protrude from the
floor, you will have to 1ift the equipment and place it on the bolts.
Therefore, heavy 1ifting equipment or other 1ifting provisions, should be
available in your powerhouse. If concrete anchors are used, the equipment
can be rolled or skidded into place and the bolts then installed and
tightened.

5.2.2.6 Penstock. To ensure tight joints, penstocks are typically
laid from the lowest elevation up. The pipe should be well supported even
in the bottom of the trench. Rocks should not be in contact with the pipe;
where rocks are a problem, the trench should be lined with sand or fine dirt
before placing the pipe. Straw can also be used to provide a bedding for
PVC or other plastic pipe. If steel pipe is used, a protective coating to
prevent éorrosion should be specified, and the pipe should not be bedded in
cinders.

The route of the pipe, whether it is above or below ground, should be
graded so that a channel for surface runoff is not formed. If the installa-
tion is aboveground, remove nearby trees that could fall and large rocks
that could roll on the pipe. Do not backfill the penstock until it is
pressure checked for leaks (see Subsection 5.3). When all leaks have been
corrected, 6- to 7-inch layers of loose material should be placed and
1ightly tamped until the pipe is covered by at least 6 inches of fill mate-
rial. The remainder of the trench can then be filled all at once and the
" site graded.

5.2.3 Mechanical Equipment

Most mechanical equipment will be installed and checked out after the
civil work is completed.. The mechanical equipment work includes setting,

leveling, and aligning major equipment such as the turbine-generator;
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flushing and cleaning water passages; adjusting equipment for opnra=..
lubricating newly instailed equipment. In addition to the usual wrenchzz,
screwdrivers, and pliers needed for working on mechanical equipment, = rz o
held tachometer, pressure gage, carpenter's level, square, hydrau?.:
come-alongs, chain hoists, dial indicator, caliper, feeler gages, struiynt
edge, and torque wrench could be required. Plan to have needed tools

available.

5.2.3.1 Eguipment Installation.

5.2.3.1.1 Positioning and Setting Equipment~-The major equiunznu

N

to be installed in the powerhouse is the turbine-generator set. ln man,
cases, this will be furnished assembled on a frame; 1ifting and posiciconiag
of this item over the equipment pad can become a major obstacle i not
carefully planned. If the powerhouse has been designed with sufficiently
large doors, the entire unit can be 1ifted by a forklift and set into posi-
tion. If this is not feasible, and the powerhouse overhead does not have a
beam capable of supporting the weight of the unit, a steel "A" frame can be
constructed over the pad for 1ifting and positioning. If anchor bolts are
not protruding from the floor, the equipment can be pushed into position on
. rollers made of pipe (3/4- to 1-1/2-inch diameter). Hydraulic jacks can
then be used to remove the rollers and lower the equipment into position.

If the turbine-generator set is furnished assembled on a frame, the
entire assembly must be leveled after it is positioned on the pad. If you
have poured the pad during construction of the powerhouse, the extra time
spent to ensure a level and smooth equipment pad will be time well spent,
and the frame need only be set on the pad and bolted down. However, if the
pad is not level, perhaps because an existing building is being used, the
unit may have to be leveled and grouted in place. The frame should be

- leveled with hydraulic jacks and metal shims placed between the floor and
frame for support. A nonshrinking grout cement, mixed according to the
manufacturer's directions, should then be forced under the frame to fill the
area on which the frame will rest. After the grout has dried, the nuts can

be placed on the anchor bolts and tightened to hold the unit in place.
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5.2.3.1.2 Aligning and Adjusting Equipment--If the turbine, gen-
erator, and drive system are purchased as separate units, you must attach

them to a frame. Separate components are lighter to handle during installa-
tion, but some times a shaft alignment is needed. If a belt drive system

is used, the shafts of the turbine and generator will be parallel, and the
alignment is not as critical as with direct drive or gear drive systems.

For a belt-drive system, check the shaft alignment before bolting the gen-
erator and turbine to the frame. Accurately measure the distance between
the shafts at the motor end; adjust to the same shaft distance at the outer
ernd by moving one of the components. A large caliper can also be used to
measure the distance. To check vertical alignment, place a level along each
shaft, and shim the front or back of the components to raise or Tower the
ends of the shafts as required. Securely tighten the component that will
not be moved to prepare for tensioning the belt.

The sheaves should then be placed on the shafts. Check the shafts and
keyways first to ensure that they are smooth and free of burrs. Wipe the
shaft, key, and sheave bore with Jight oil. Do not drive the sheaves on the
shaft; they should slip on freely. If the sheaves or keys do not slip on
freely, remove and check the size or correct the problem. Once both sheaves
are in place, tighten one and then place a siraight edge across its face,
abo;e the shaft. Slide the other pulley on its shaft until the sides of its
face evenly touch the straight edge; tighten it in this position. The
sheaves should now be aligned.

A properly designed belt system can be tightened by moving one of its

" components, which will have e1ongated mounting bolt holes. When mounting
the belt(s) do not force it (them) over the sheaves; adjust the component
position to allow the belt(s) to slip on easily. Then tension the belts to
the manufacturer's recommendations and tighten the component mounting bolts,
making sure to maintain alignment as described above.

If the motor and generator are directly connected to one another or to
a gear box through couplings, the shafts of the components must be accu-
rately aligned within the manufacturer's tolerances to prevent excessive
wear on the shafts and bearings. If the couplings are flanges that are an
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integral part of the shafts, the components can be brought togethisr = A~
their flange faces touch and then a feeler gage inserted between the *iznmeoe
at their peripher&. Move each component and shim as necessary unti! the
flanges are flush with each other. Rotate the flanges several time. :--
check separation to ensure that the shafts are not at an angle 1o cne
another. To determine if the shafts are in line with one another, a diii
indicator can be attached firmly to the outer diameter (rim) of one flange
with hose clamps (a bracket bolted to one flange with the dial indicatcr
attached is the most accurate method), and the pointer of the indiczt.-

on the outside diameter of the other flange. Rotate both flange: +ngwt-a-
through 360 degrees to locate the point of minimum reading. Move or «rin
one unit to bring this point to zero on the dial indicator. Repeat this
operation until the shafts are in alignment, then tighten all mounting heoit:

and insert and tighten the coupling bolts.

If the coupling is not integral with the shaft but slides on the shaft
(such as the flange face coupling .shown in Figure 4.9-1), the angular align-
ment can be done more accurately with a dial indicator than with a feeler
gage. Separate th2 couplings enough so that the pointer of the dial indi-
cator, attached as discussed above, can touch the face of the coupling
flange. One coupling is rotated through 360 degrees to locate the minimum
reading position. The units are moved to bring this reading to zero, and
the measurement is repeated. This procedure can be used with any of the
couplings where some separation between flanges is possible.

A reverse indicator method of alignment can be used when the couplings
are ribbed or otherwise unsuitable for the above alignment methods. Attach
a dial indicator firmly to the outside diameter of one shaft with hose
clamps, and place the pointer on the outside diameter of the other shaft.
Rotate the shafts in unison and determine the minimum reading. Move the
units to bring this reading to zero, and then repeat the procedure. Once
the first shaft is aligned in this way, remove the dial indicator, attach
it to the opposite shaft, and repeat the procedure to align both shafts.
Recheck the alignment by repeating the entire procedure.
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5.2:3.1.3 Bolting--All bolts should be torqued to their required
loads. This procedure is important not only for bolts yéed for mountings
and couplings, but for those used for valves and flanges that prevent jeak-
age of water to the turbine. Bolts in circular patterns should be tightened
zlternately from one side of the pattern to the other. Bolts in a straight
tine pattern should be tightened from the center of the Tine outward, alter-
nating from one side of the center to the other. First, tighten all bolts
to 75% of the recommended torque; then repeat the procedure, using the
alternating technique to bring all bolts to 100% of the recommended torque.

Terques for equipment bolts are normally supplied by the manufacturer.
If torque values are not provided for low-strength bolts, use the values
given in Table 5-2; for high strength bolts such as ASTM-A-325, ASTM-A-
153 B7, or ASTM-A-409, increase these values by a factor of 2 to 3.

5.2.3.2 Flushing and Testing Water Passages. Before turning water

into the system and before the penstock trench is backfilled, it is impera-
tive that the entire system from intake to tailrace be checked. This
includes checking the gates and valves to ensure that they operate smoothly

TABLE 5-2. TORQUE VALUES FOR LOW-STRENGTH BOLTS

Bolt Diameter Torque
(in.) (ft-1b)
1/4 2
3/8 10
7/16 18
1/2 28
9/16 40
5/8 55
3/4 ' 100
7/8 160
1 250
11/8 340
11/4 490
1172 » 850
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without binding. Walk the canal and intake structure and remove aii . o,
If everything is in order physically, the next step is to flush tne canz s
and intake structure.

Flushing clears the system of all loose material that could be washad
into the penstock and then into the turbine. This flushing will loosen and
remove the small particles and leave the larger, more stable rock. This

process is known as "armoring" and is an important preoperational ster

To flush the intake canal, close the slide gate or valve so that loos=2
material cannot enter the penstock. Flush the water and Toose materia’
through the intake structure cleanout pipe. Be sure that the watsr path
below the outlet is riprapped to prevent erosion of the soil. Flush the
system for several hours, or as long as necessary to get it clean. This
flushing operation also provides a good opportunity to check that your stop
log frame or canal intake gates can regulate flow properly and stop flow
quickly.

When the intake is clean, flush the penstock. Open the penstock purge
valve and close the turbine isolation valve. Slowly open the inlet slide
gate or valve to the penstock intake. Water should flow into the penstock
and bypass the turbine. Whatever is in the pipe should go out the purge
valve. After flushing for several hours, slowly close the purge valve.
After the valve is closed, check the penstock for leaks. If no leaks are
present, drain the penstock and backfill where needed. After backfilling,
open the purge valve and then the headgate. Slowly close and.open the purge
valve and check for signs of movement in the penstock. Increase the anchor-
age and support of any section that is questionable.

5.2.3.3 Lubrication. Before operation, the turbine-generator and
other equipment should be lubricated according to the manufacturer's

requirements supplied with the units. Gear boxes should be filled with oil;
bearings and shafts should be greased to ensure smooth operation.
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5.2.3.4 Equipment Checkout. The turbine-generator must be checked _
out before it is energized. Auxiliary turbine-generator systems, such as

~ A Yishkheaf oo s o o P R I T P O L P T N Y
g or ijupricdation systems, SnOUiId De CnelLked OUT TIrst LO ensure Lnat

penstock headgate can be opened slowly. Allow water to fill the penstock
until it flows freely through the penstock purge valve, and then slowly shut
the purge Qa]ve. Check to be sure that the generator is not connected
electrically to the system, and then partially open the turbine inlet valve.
Because the generator is unloaded, the in1ét valve should not be fully

opened under any circumstances or the turbine will quickly reach runaway
speed.

. Once the equipment is rotating near design speed, a check for vibration
 and shaft speeds can be made. A hand-held tachometer is useful to determine
‘speed. Accessable shafts and bearings should be checked for guietness of
operation. A screwdriver or metal rod firmly pressed against the bearing
housing will indicate rumbling or uneven operation that may be due to dirt.
A whistling sound is attributable to improper lubrication or insufficient
internal clearance. Unusual noises should be investigated ihmediate]y.

The temperature rise caused by bearing operation may make the bearing

‘ hdusing too hot to touch. Bearings can operate to temperatures of 200°F and
greater without failure. If you suspect that the temperature is too hot,
consu}@ the bearing manufacturer. Operating temperatures can be predicted
from the operating parameters of your site.

Make a manual check of the emergency shutdown system at this time to
ensure that it operates reliably.

Once all checks have been made, the system can be shut down: slowly

shut the turbine inlet valve, and then slowly open the penstock purge valve
and close the intake headgate.
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5.2.4 Electrical

CAUTION: Electricity is Hazardous. As stated in Subsection 4. 8.7, a

qualified electrician should help install the electrical system.

Before the electrical system is energized for the first time, it should
be inspected by an electrical inspector. In many localities, this inspec-

tion will be a state or county requirement.

The electrical system can be constructed concurrently with other pui-
tions of the microhydropower system. The final connections to the generi-

tor, however, cannot be made until the generator is permanently inszaliac
Some rules for the electrical installations are:

e A1l conductors must be mechanically protected, or else routed at
such a height that they are not a haz#rd. Mechanical protection
can be conduit, meta1.raceway, or burial in the earth. Minimum
heights for overhead lines should be as specified by the National
Electric Code (NEC).

® A1l conduits, boxes, equipment enclosures, and other electrical
equipment must be securely supported and anchored. Standard
installation procedures are to support all boxes and enclosures
independently. Conduits should be anchored every 8 feet on center

and within 3 feet of every bend or enclosure and as specified by
NEC.

] A1l wire splices must be properly made and properly insulated as
defined by NEC.

] A1l wiring connections to equipment must be made up tight.

CAUTION: Do not energize the system until all protective
equipment for that specified portion is installed.
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The electrical installation consists of connecting the generator
to the load througH the overcurrent protective devices. These
pieces of equipment will be interconnected by the system wiring
and made ready for service.

If the power system has a ioad controcl system, this system must
be set up, connected, and made ready for operation.

If the power system interconnects to a utility system, the step-up
transformer and its protéction equipment must be installed and
made ready for service. This work will usually be done by the
utility company and the cost billed to the developer. Even if the
utility does not perform this installation, close coordination
with them is required.

CAUTION: Do not connect to the utility's power line.

When the generator has been permanently set and aligned, the
electrical system can be connected to the generator. The coils
of the generator will have to be interconnected to provide the
required voltage in accordance with the supplier's recommenda-
tions. After the generator has been connected to provide the
voltage desired, it can then be interconnected to the rest of the
system.

A1l system connections must be verified before the system is
energized for the first time. This should be done on a point-to-
point basis. Any wiring diagrams that have been produced will be
helpful in this final checkout.

Final connection to a utility line must be made by the utility.
The utility should be contacted and asked to proceed with any work
they have to perform. All disconnects must be left open at this
time.
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6. STARTUP, OPERATION, AND MAINTENANCE

Once the completed microhydropower system has been checked out, :t--u
up, equipment calibration, and steady-state operation are the next items .
concern. After the system has been placed in steady-state operation, a good
maintenance system must be implemented to ensure that the equipment will

give trouble-free operation.

6.1 Initial System Startup

Starting up the completed system for calibration and then steaay : ate

operation requires the following test instruments:

. Fuse tester

. Hand-held tachometer

. Volt-ohm=ammeter

] Clamp~on ammeter

® Pressure gage with an air purge valve.

6.1.1 Synchronous Generator Startup

If the no-load test run of Section 5 checks out as expected, then
startup and operation of the generator with a small amount of connected
electrical load can begin. The generator should not initially be started
fully loaded; it should be started with about 10% load and then incremental
loads added if smooth operation continues. Resistance loads that produce
heat will work best because they are steady and can be easily controlled in
small increments. If a load controller is being used in the system, vou
should analyze it to determine what resistance can be used. If motor loads
exist, they should be disconnected during the low output testing of the gen-
erator since sufficient power may not exist to operate them at their design




condition. This can be done by throwing the breaker in the panel. If you
are using a governor, review the manufacturer's data to determine at what
minimum load it will operate, and start there.

Slowly open the turbine isolation valve a small amount to generate the
10% load. The gererator is loaded, and the system should run at its design
speed. The amperage meter should reflect the powar being generated, and
both frequency and voltage should be right on specification.

Two or three fregquency cycles either side of €0 Hz is acceptable, but
any more than that will require adjustment of the governor. A 10% system
load will depend on the size of the system. For a 10-kW plant, 10% will be
1 kW, or 1000 watts (about the load rating of one small baseboard heating
unit or a hand-held hair dryer). Larger plants will require correspondingly
greater converted loads to get to the 10% load level. Many homes powered
by microhydropower plants use electric heat, and these systems can be oper-
ated so that the loads are connected in increments for testing purposes.

Once the system is operating well at the 10% load level, the load can
be increased. . The power output will increase, but the frequency should stay
right at 60 Hz. There may be a momentary blip in frequency when the addi-
tional load comes on, but that should last only a second or two until the
governor system compehsates.

The frequency is a function of generator speed, and the governor or
electronic load controller will control either the power supplied by the
turbine or the electrical load on the generator so that generator speed and
frequency are maintained. Both hydraulic and electronic systems may require
some- adjustment before fhey operate properly.

Specific operating instructions for governors should come from the
operation manuals for those units. Each has its own sequence for making
adjustments and fine tuning the system. Once the right set points are
found, mark the panel faces so they can be reset if moved.
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Let the unit run at part load for 1/2 hour or more. Monitor teruere
tures of the generator and bearings for abnormal heat buildup. Llist:s fu
any vibration that is more than a common type hum, and be aware of a:v
abnormal smells that could indicate excessive heat buildup or electrica’

insulation problems.

Increase the electrical load on the generator gradually. The freguency
metér should remain at 60 = 1 Hz, indicating that the governor is eprratn’ -
properly. Heat and vibration levels should not change. As the ioacd ui U
generator changes, the speed of the turbine and generator should rema‘n tn-
same. You can check this function by varying the load. The freguer .. !
will show any problems by varying more than 1 Hz from the 60-Hz rcading.

When you have the system operating at full output, note the way it
sounds and feels. Later, any change in those characteristics may indicate
that something is wrong. An intuitive sense of when it is running weil will
be very helpful. It may be helpful in developing that sense to sit and
watch the unit run for several hours.

When one or more of the various protective devices such as governcrs
or load controllers (see Subsection 4.8.12) are included, they should be
activated to be certain that they work properly. Be certain that all cper-
ators understand the operation of these devices and know how toc reset them
if necessary.

The tachometer can be used to verify generator or turbine speed if
problems are encountered with speed control and frequency output. The
electrical instruments should be used to help adjust over current relays,
emergency shut down relays and circuit protective devices included in the
electrical control system.

6.1.2 Connecting Synchronous Generators to Utility Powerlines.

The qti]ity's representatives should be present during initial startup
and synchronization of the generator to the powerline. Syncrorous .
generators are connected to active utility powerlines only after the gener-
ator has been brought up to the frequency and voltage of the powerline.
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Making a smooth connection to the powerline requires that certain prerequi-
site conditions be met. The output voltage of the generator must be the:
same as the powerline, the speed of the generator must correspond to the
frequency of the powerline, and the generator voltage must be in phase with
the powerline. In actual practice, there is some tolerance in these condi-
tions. A slightly higher generator voltage when connecting to the powerline
does not cause any serious problem. At the instant the connection is made,
the two voltages are forced to be the same. Minor differences in voitage
are neutralized by the internal impedance of the generator, which will seek
a phase angle with respect to the powerline that brings the voltages
together.

Some minor difference in generator speed with respect to the powerline
is tolerable at the instant the connection is made, but immediately follow-
ing closure, the generator speed becomes locked to that of the powerline.
Any appreciable difference in speed at the instant of closure will result
in a corresponding mechanical and electrical jolt to the system.

When the individual cycles of the powerline are exactly in step with
those of the generator, then the generator and the powerline are said to be
"in phase." It is only when the generator and powerline are in phase that
the.generator can be smoothly connected to the powerline. This is roughly
equivalent to engaging two rotating mechanical gears. It is not sufficient
that the gears be rotating at the same speed to make a smooth engagement.
It is also necessary that the gear teeth be properly aligned at the instant
of engagement. If the generator and powerline are out of phase, the gener-
ator is operated either faster or slower than the powerline until the two
systems are in phase. In actual practice, the speed of the generator is
adjusted until it is as near the frequency of the powerline as possible.
The speed of the generator, however, rarely remains precisely the same as
the powerline for more than a few seconds at one time. With this slight
difference in speed, the two systems will slowly wander into and out of
phase. It is necessary to observe the phase relationship and close the
connection to the powerline only at the instant when the two systems are in
phase.
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The typical power plant has voltmeters to compare veltages o7 one
systems and a synchroscope to determine the relative speed of tie twu :,5-
tems. A synchroscope is a round dial with a single pointer. The noinzar
rotates at a speed which is the difference between the frequency cf .
powerline and the generator. The pointer comes to a halt when tne gereratur
is operating at the speed of the powerline; and the pointer points up when
the systems are in phase. In a typical plant, the pointer on the synchro-
scope will not come to a complete halt until the generator is connectec to
the powerline. After the connection is closed, the pointer will remain
fixed pointing upward. Counterc]ockw1§e rotation of the pointer inuinatzs

that the generator is rotating more slowly than the poweriine fregue iv &«u
clockwise rotation indicates that the generator is rotating faster than ihe
powerline frequency. It is generally accepted that closure o tine poweriinz

is best made with the pointer moving slowly clockwise and with the needie
slightly past the straight up position. This, however, is somewhat
dependent on the characteristics of the plant.

If the voltage, speed, and phase are correct, the generator is said to
be synchronized with the powerline, and connection to the powerline can be
made with no noticeable mechanical or electrical reaction. A mismatch of
voltage, speed, or phase when connection to the powerline is made will -cause
a mechanical reaction and an electrical surge in the connecting lines. The
severity of the reaction will depend on the degree of mismatch. Closure of
the connection when the generator is 180 degrees out of phase is the worst
case situation. Such an event may result in an electrical surge that is
worse than short circuit and could do considerable damage to the generator.
A properly designed system will have protective equipment that should pre-
vent damage from such an event by disconnecting the generator from the line.

Use of a synchroscope is one of several ways that can be used to syn-
chronize the generator with the powerline. There is a very unsophisticated
method that uses lamps connected between the powerline and generator to
indicate phase and frequency and in a crude way voltage also. The lamps
blink on and off at a rate that corresponds to the difference between the
speed of the generator and the frequency of the powerline. When the lamps
stop blinking, the generator speed is matched to the powerline. [epending
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on tne connection, the lamps will be full bright or totally dark when phase
and voltage are correct. Similarly, voltmeters can be connected so as to
react with the same pattern as the lamps. Combinations of lamps and volt-
meters can also be used. A problem with this method is that both lamps and
vcltmeters have reaction patterns that lag behind the true voltage being
indicated. However, such systems have been used very successfully.

Some equipment suppliers are supplying microhydropower developers with
solid-state equipment that senses when conditions are correct for closing
the connection to the powerline and automatically closes the switch. In
Vil

c
tions are correct, the system automatically makes the connection without
the need for a synchroscope.

With the generator connected to the powerline, Toad can be added by
increasing water flow to- the turbine. As load is increased, it may be nec-
~essary to add excitation current if the generator has an external exciter,
but most small plants begin operation with an excess of exciter current,
which permits a wide range in generator load without need for adjusting the
exciter current. Self~-excited generators.are usually self adjusting. If
the exciter current is run too low, the power factor of the generator will
be low and the generator may pull out of synchronism.

For this type of installation there is little need for automatic speed
regulating equipment unless there are periods when the plant is to run
stand-alone.

Before three-phase generators are connected to a powerline, it is cus-
temary to check the phase rotation of the generator. It is possible to make
an error in the wire connections so that phase rotation is opposite that of
the powerline. Checking the phase rotation is usually done with a special
meter with leads that clip onto the three output leads of the generator.

The generator should come with sufficient wiring information to be able to
make the connections without error. However, it is a good idea to check
the phase rotation from the actual output voltages of the generator because
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an error could cause damage to the generator. If a synchroscope is cag uu
the plant, incorrect phase rotation would be shown by the fact that it
would not function. ‘

6.1.3 Induction Generator Startup

, i The startup of an inductior generator differs somewhat from a sunrhro-
nous generator. An induction generator is always connected to a ut - "1,
powerline, and so a utility representative shouid be present for initizi
startup. The induction generator should be energized momentarily tn rhee:
for correct rotation acting as a motor. Any reverse current relays wi.:
have to be switched out of the control circuitry. If rotation is inc.araci
then a reconnection of the wires at the generator will correct the prodlenm.
Once the generator has been wired to rotate correctly acting as a motor,
then it can be energized again to run as a motor.

While the generator is running as a motor, make calibration checks to
determine what the incoming power characterisitcs are on all phases. Look
for an imbalance in voltage between phases. A difference of #5 to 8% s
! probably not abnormal, but more than 10% could indicate a problem on the
’ utility line.

Check the shutdown circuitry to ensure that it functions properiy for
over- and undervoltage tripout, over- and underfrequency shutdown, reverssa
current trip, etc.

After the shutdown circuitry has been checked and the relays have been

preperly adjusted, the generator can then be energized again as a motor.
Once the unit is running smoothly, open the turbine inlet valve slowly while
monitoring the system ammeter. Remember, reverse current relays will be
switched out of the control circuit at this time. As additional water is
allowed to flow through the turbine, the ammeter will slowly decrease until
the synchronous speed of the generator is reached (no motor slip exists).

v Once the synchronous speed is exceeded, the generator begins to function not
as a motor but as a generator, and the ammeter now reads output instead of

input. The turbine inlet valve can be set for maximum generator output, and
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“the reverse current relays can be switched back into the control circuit.

The generator is now on-line, and the synchronization of the power output

from the generator is being controlled by the utility's system. With the N
water running, check the shutdown controls again to ensure their proper

function.

6.1.4 System Troubleshooting

If your plant is not producing the power output for which you have
designed it, there are a few checks you can make before contacting the
turbine manufacturer. These data may help in understanding the problem.
pressure gage can be placed on a tap immediately upstream from the turbine.
This device can give the pressure at the turbine from which you can deter-
mine your head. Check the pressure with the turbine isolation valve both
closed and full open while the turbine is fully loaded.

Use one of the methods discussed in Section 3 to check the flow in your
system while the turbine is running fully loaded. This can be done in the
intake structure or canal. The stop log structure could be used to fabri-
cate a weir. With head and flow information available, you can discuss the )
turbine problems with the manufacturer. The manufacturer will a1§o need to
know the size of your penstock where the pressure measurement was taken in
order to calculate the velocity head at this point. If you are using a
reaction turbine with draft tube, the elevation from the pressure tap to the
tailwater level must be measured. '

If the flow in you system is Tower than predicted, check the trashrack,
intake structure, and waterways for obstructions. Review all of your cal-
culations to ensure that you have not made a mistake. Observe your system
in operation. Ensure that the draft tube, if used, is always submerged to
prevent air from entering.

Compare the output of the generator with the calculated power from the
head and flow. Dividing the generator output by the calculated power will
give the efficiency of your system. Compare this with the predicted effi-
ciency. If it is low, check the drive to ensure that it is functioning
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properly, i.e. that the belts are not slipping. If all appears wo oo wir. -
ing, have an electrician check the generator operation.

6.2 Startup

Normal operation of the system should be relatively trouble free.
Things that can cause shutdown include an interruption of water flow,
overheating of bearings, unloading the generator, overloading the
generator, a power surge due to lightning, and--if your system is con-
nected to a utility-~a power outage on their line or utility power veing
out of specification for individual relay settings.

Startup procedures in a step-by-step sequence should be written uwn
and posted at the generator. If a shutdown has been caused by a loss of
water, or by bearing or drive problems, the startup procedure after the
water flow has been restored and problems corrected should be the same as
for initial startup. If an electrical problem has caused a shutdown, then
after investigation to determine the cause and corrective action as )
required, the startup procedure should include bringing the generator up to
speed and resetting appropriate tripout relays.

Continue to monitor the equipment for excessive temperatures or vibra-
tions. The powerhouse should be kept clean, and clear access around equip-
ment and controls should be maintained. Electrical hazard warning signs
should be posted where approprizte, and electrical control boxes should be
kept locked or interlocks provided for foolproof tampering. The powerhouse
should be kept locked and a security fence provided.

An operational log is another useful tool to keep records on power
outputs, water flows, etc. This information can be useful in future plan-
ning for plant upgrade, future power sales, and in plotting the cost of
operating the overall plant.

If your system uses an induction generator, there are two methods for
starting it. The first is the method discussed in the checkout procedure




where the generator is operated as a motor until it reaches synchronous
speed and then is overdriven by the turbine to generate power. This method
will cost money for the power to operate the generator as a motor.

The other method is to bring the jenerator up to synchronous speed
with the turbine. The generator is connected to the utility line and
overdriven by the turbine to start generating electric power. The speed of
the generator shouid be not greater than but very near to synchronous speed
when connected to the powerline. Since it is being started in the no-load
condition, you must be cautious in opening the turbine inlet valve to
prevent the unit from reaching runaway speed.

If your microhydropower installation is remote from your residence,
you should have instruments to remotely monitor the status of the plant.
These instruments may take the form of a single alarm that tells when the
plant has tripped off line. This is particularly true if it is tied into a
utility powerline so that loss of power would not be noticed at your resi-
dence. The alarm would tell you when the system needs attention. Other
more detailed instrumentation could be installed to allow you to monitor
specific operating characteristics of the plant, such as volts, amperes,
power, head, etc. Cables can be buriec or attached to the pdwer poles to
transmit this information to your resiience.

6.3 Maintenance

Maintenance of a microhydropower plant is not complicated, but a con-
stant effort should be maintained to ensure a trouble free plant. With
periodic maintenance, properly built systems should run for years without
major overhaul. Problems that arise because of mechanical failure, such as
burned out bearings or runner damage,'shou1d be repaired promptly to avoid
more serious damage. Hydropower plants are installed in areas where condi-
tions are not ideal. Dust, dirt, and moisture are abundant, making good
housekeeping and regular maintenance a necessity.

A maintenance log 1s a good way to spot continuing problems that may
necessitate some system redesign, or to verify maintenance on items covered
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by warranty. You should maintain such a log for your own informatior a~:
as a notice of when maintenance is due.

6.3.1 Manuals

Maintenance manuals should be obtained for all major equipment pur-
chased. If you have bought used equipment, write the manufacturer for a
manual. Follow all directions in the manuals in servicing the equipment.
If manuals are not available, the general information given in the fclic.
ing sections provides guidance for maintaining equipment.

6.3.2 Waterways

Inspect the canals, penstocks, settling basins, intake structure, and
tajlrace at least four times a year for signs of erosion, movement, or leak~
age. Drain and inspect the underwater portions of the system at Teast cnce
a year. Concrete repairs can be made with an epoxy cement to cover exposed
reinforcing bar and seal damaged areas. Inspect the trashrack, gates, and
stop logs for damage, and repair if necessary. Clean debris from the water-
ways and repair erosion of the earthen portions of the structures, or add
riﬁrap.

Depending on your particular site, flush the settling basins and fore-
bay as anpropriate. Observe the quantity of settlement in these structures
to determine how often this must be done. If there are large quantities of
settlement, you may want to crack open the valve(s) on the system's flush
line(s) to allow a slow continous purge of these structures.

Another maintenance task that depends on the characteristics of the
stream on which your site is located is trashrack cleaning. This may be a
dai]& chore in spring when the stream is high and carrying a lot of debris,
in summer when moss is floating on the water, in fall when leaves from tirces
fill the stream, or in the winter when ice builds up on the trashrack. The
cleaning of the trashrack is an area that must be attended to as often as
necessary to prevent loss of power generation. A trash rake should be kept
in the powerhouse to clean the rack.
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£.3.3 Mechanical

Inspect your turbine once a year when you drain the system to inspect
the waterways, or follow the maintenance schedule in your manual. Inspect
the metal blades or buckets for signs of erosion. If the erosion is heavy
on these items, you may want to remove and repair them by welding. If ero-
sion appears heavy every year, it could be a sign of problems in the design
of your system such as improper turbine setting. This is an area where help
should be requested from the turbine manufacture. Check the surfaces of the
spiral case, needle valve, draft tube, and wicket gates for damage, and
repair as necessary.

If the turbine has unusual vibration, check the bearing and shaft
clearances, the turbine blades or buckets, and the water passages. Turbine
vibration is an indication of serious problems and should be corrected
immediately.

Lubricate shafts and bearings at regular intervals. Manufacturers wiil
spezify a 1ubkication period generally based on hours and type of service.
If there are no guidelines for greasing of equipment, you should probably
lubricate the bearings every 1200 to 2000 hours of operation. Wipe off any
grease that has leaked from around the seals onto the outer bearing sur-
faces. Dirt will collect in these areas if this is not done.

Gear boxes, hydraulic governors, and other equipment containing a res-
ervoir of lubrication or working fluid should be checked every 3 months and
refilled if necessary. Use only the fluids recommended by the manufacturer,
Remove and clean filters for these systems yearly unless otherwise directed.

Check valve pa...ings and flange joints for leakage. If leakage noticed
is not critical, replace the packing or gasket during your annual shutdown
of the water system. If leakage is excessive, shut the system down right
away and replace the packing or gasket. Test all manual and motor-operated
valves monthly to ensure proper operation.
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Inspect the belt drive system every 6 months or when the unit is shut
down. Check the tension in the belts to ensure that they meet marufac-
turers' recommendations. Belts tend to loosen with operation and shzuid br
tightened periodically. Loosen the unit that is designed to take ur *he
slack and tighten the belts, making sure to maintain alignment. If vou are
in doubt about the alignment, refer to Section 5 for aligining procedures.

Check the belts for cracks, tears, or worn areas. If you decide te¢
replace a belt because of a problem, replace all the belts on the drive =t
the same time. Loosen the drive to remove and replace the belts. Do roi
force the belts over the sheaves. Again, ensure that alignment is
maintained.

Clean the sheaves and belts periodically of dust, oil, and rust, which
reduce belt 1ife and efficiency.

Review and check other mechanical equipment such as ventilation fans,
doors, or hoists, and oil and service as needed. Check and tighten bolts
and nuts on moving parts such as the sheaves on the belt drive, couplings,

{ shafts, etc. Anchor and mobnting bolts and nuts should also be checked

periodically.
€.3.4 Electrical

A systematic and periodic inspection of the generator is also neces-
sary. Most generators are located in areas where dirt can accumulate and
lower the insulation resistance. Some type of dust are highly abrasive and
can damage seals and bearings. Hence, it is desirable to clean generators
periodically. For severe conditions, weekly inspection and partial clean-
ing may be needed. Most machines require a complete cleaning about once a
year.

At the annual inspection and cleaning, air-clean the generator using

moderate-pressure, compressed air (about 25 to 30 psi). On most ac genera-
tors, this requires removing some of the protective covers.
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On large machines, take generator insulation resistance readings peri-
odically with a megohmeter. As long as the readings are consistent, the
condition of the insulation can be considered good. Low readings indicate
increased current leakage to ground or to other conductors, perhaps caused
by deteriorated insulation, moisture, dirty or corroded terminals, etc.

Inspection and servicing should be systematic. Frequency of inspection
and degree of thoroughness may vary and must be determined by the owner.
This will be governed by the importance of the produced power, the nature
of the service, and the environment. An inspection schedule must therefore
be elastic and adapted to the needs of each system. The following check-
1ist, covering both synchronous and induction generators, is based on aver-
age conditions insofar as dust and dirt are concerned. If your generator
manufacturer has not provided such a checklist, use this one as a guide.

POWER PLANT EQUIPMENT MAINTENANCE CHECK LIST
Daily

® Check air inlets and exhaust screens for blockage or accumu-
lated dust.

] Check the voltmeter to see that the generator is running at
a steady voltage.

] Check the frequency meter to see that the frequency is cor-
rect and stable.

. Check for any unusual noise, vibrations, or temperature

changes in the bearings or casings on the turbine, generator,
and any gear boxes.

Weekly
° Check ©0i1 level in bearings and gear boxes as appropriate.

» Examine switches, fuses, and other controls.
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Monthly

. Lubricate ball and roller bearings as recommended by the

manufacturer.

® Check for any leaking seals on all bearing housings.

Biannually

€ Clean the generator thoroughly, blowing out dirt from wind-
ings, and wipe commutator and brushes as appropriate.

) Check the brushes (if used), and renew any that are more
than half worn.

] Drain, wash out, and replace oil in the sleeve bearings (or
service as recommended by the manufacturer).

. Inspéct znd tighten any loose electrical connections on the
generator and control section components.

) Examine the drive system critically for smoothness of run-
ning, absence of vibration, and worn gears, couplings, or

belts.

) Check anchor bolts, end-shield bolts, pulleys, couplings,
gear and journal setscrews, and keys for tightness.

] Observe that all covers, belts, and gear guards are in good
order, in place, and securely fastened.

Annually

» . Clean out and replace the grease in ball- or roller-bearing
housings (or service as recommended by the manufacturer).
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] Test generator insulation with a megohmmeter.

] Check clearance between the shaft and journal boxes of
sleeve-bearing units to prevent operation with worn bearings.

. Clean out undercut slots in the generator commutator if
required.
) Examine connections of the commutator and armature coils.
] Inspect the armature bands.
6.4 Safety

Post warning signs to explain the correct operation of valves, elec-
trical switches, and test eqipment. Provide a fuse puller for replacing
fuses, electrical interlocks, and keyed safety bypasses. Keep the egquipment
pad clean and free of water. Protect electrical equipment from water. Keep
a fire extinguisher-rated for electrical fires in the powerhouse. Provide
guards on all moving equipment such as belts and shafts. Provide guard
rails around the intake and cleanout areas if falling into them would be
hazardous.

Provide security fences around the powerhouse and transformer pad as
well as the intake structure. Locks to prevent unauthorized operation of
bypass valves and the headgate are also good safety precautions.

Provide an emergency shutdown switch at the generator to shut the tur-

bine and electrical system down. This switch should be used only in emer-
gency situations and should be labeled as such.

6.5 Spare Parts

The powerhouse should be stocked with spare parts for the power piant.
Many sites will be located in remote areas where the availability of parts
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js limited. Review the manufacturers literature to determine what spare
parts are recommended. Additional item that should be kept are:

- ‘ ® Fuses
. One set of belts
) Valve packing
. Gasket material
] Bearings
» Lubricants
') Valve trim (seats, plug, disk, etc.)
] One section of trashrack

. ) Generator brushes.
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7. ECONOMIC AND FINANCIAL CONSIDERATIONS

Economic and financial considerations are an important aspect of eval .-
- 2 ating the potential use of microhydropower. Accordingly, the following
- section details some economic and financial concerns. The section is
divided by developer categories. The Category 1 developer is discussed
first, and the Category 2 developer is discussed second. For a detailed

discussion on how to prepare an.economic analysis, see Appendix A-5.

7.1 Cateqgory 1 Developer

Category 1 developers are unique because their primary motive for
operation is to supply energy for their own needs. The market for this
energy is identified and quantified. This situation may occur in remote
areas not presently served by electrical utilities or where present
electrical needs are served with small fossil-fueled generators.

To perform an economic ané]ysis, you must first estimate your current
power consumption and identify its cost. Assume, for example, that you’
have identified your needs at about 64,000 kWh per year, i.e. you need a
15 kW unit. You have three options: purchase the required electricity
from a utility, generate your own power with a gasoline-fired generator, or
install your own microhydropower unit.

Electricity purchased from the utility currently costs $3200 per year
at 50 mills per kWh, or 5¢ per kWh. This dollar amount assumes extra
charges for peaking, transmission hook-up, etc. This cost is highly
geographically dependent.

The gasoline-fired generator has a capital installed cost of $5000 and
will require $4,670 per year to purchase gasoline for operation. One gallon

of gasoline will generate 13.7 kWh. Therefore, 64,000 divided by 13.7
equals 4670 gallons per year; at $1.00 per gallon, the cost is $4,670.
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The microhydropower unit (15 kW) will cost $22,500 if $1,500 per kW is
used as an estimate. Operating costs can be estimated at 1% per year of
capital costs, or $225. ' TN

Annualizing the costs of the installed equipment over a 15-year life
cycle results in $1500 per year for the microhydropower unit and $333 per
year for the gasoline~fired generator. The following table shows these
costs for Year 1.

TABLE 7-1. COSTS FOR YEAR ONE

Gasoline-Fired

Utility Generator Microhydropower
Annualized Cost -0- 333 1500
Operating Costs 3200 4670 225
in Year 1 - . -
Total Costs 3200 5003 1725

Clearly, the microhydropower unit holds an economic advantage. Because
gasoline prices and electricity prices fluctuate with inflation, the cost !
per year will not remain constant over the 15-year l1ife cycle. Hence, an
escalation factor must be used to determine the annual costs at the end of
the 15 years. Using 6% per year escalation on all costs subject to infla-
tion, i.e., operating costs, the following cost table can be prepared with
the escalation formula:

v Py (1+ r)n

Where

-
1]

v Future value

PV = Present value



Escalation percent; 6% = 0.06

-
it

>
n

Number of years.

TABLE 7-2. COSTS IN YEAR FIFTEEN

Gasoline-Fired

Utility Generator Microhydroocwer
Annualized Cost -0~ $ 333 $ 15C0
Operating Costs 7,669 | 11,192 53¢
in Year 15 o
Total Costs 7,669 11,525 1,839

Again, the microhydropower unit holds the economic advantage.

Financing alternatives for the Category 1 developer may be limited,
but some suggestions are presented. The first and most widely accepted
suggestion is the power company. Public or private utilities may find it
beneficial to finance 50% or less of the project, depending on how costly
it would be to install service to the area. Bank financing should also be
pursued. A second mortgage on the property or a loan secured by other
collateral may be obtainable through your commercial bank. In some cases,
a line-of-credit extended for farm operations could be used to finance the
microhydropower development. Another alternative is the equipment manufac-
turer. They may have some financing arrangements available; however, this
may be very costly in interest charges. Finally, the Small Business Admin-
istration (SBA) should be contacted if a business is involved. More elab-
orate financing mechanisms such as limited partnerships set up for tax
shelters may be too complicated and costly for the very small developer.

The requirements necessary before going to any lender would be a

capital cost estimation, revenue estimation, and operating cost estimation.




These estimates along with a financial statement of the developer will help
initiate discussions about financing. The preparation of these estimations
is presented in Appendix A-5.

7.2 (Category 2 Developer

The critical factor for Category 2 developers is to contact the utility
company serving the area and work out a contract for the purchase of the
power. This market element is essential to the successful completion of
the project. Because of recent legislation, the utility company, either
public or private, may be willing to negotiate a contract. The utility may
also be helpful in obtaining permits, obtaining financing, and obtaining
engineering advice.

In determining the economics.of the potential site, a complete analysis
of capital equipment costs is a prerequisite. Also, the potential revenues
and operating costs must be identified and estimated with the help of the
utility district. Alternative methods of securing the power should be
evaluated. The mechanics of preparing a cash flow analysis, benefit-cost
analysis, simple payback, and a sensitivity analysis are detailed in
Appepdix A-5. ‘

Financing options may be limited. The utility company will know the
potential financing options acceptable in a particular area.

Basically, the two kinds of financing available are debt and equity.
Debt financing places a contractual obligation on the developer to repay
the loan in accordance with the loan terms. Equity financing is the amount
of collateral, cash, or services the developer uses as his down payment.
This debt-equity arrangement is similar to a home mortgage where the down
payment is the original equity and the debt is the amount borrowed. Because
hydropower tends to be capital-intensive, the debt fraction is generally
quite high. "Capital-intensive" means that the original cost of equipment
and installation are much higher than the operational costs.
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Bank financing may be available for Category 2 developers. Howezr,
previous experience indicates that the key to arranging the finanuing is
the contractual agreement between the utility company and the developar.
Commercial banks typically offer construction loans on a short-term nas's
with the long-term financing available when the project is complete.
Although this appears to be two separate loans, they are generally
negotiated at one time, i.e., prior to construction.

Another possible source of financing is the Small Business Adminis.ra-
tion (SBA). This is usually an excellent source of financing for any smai!
business. And, this source should definitely be pursued if the develonor
appears financially "thin.® This means that the financial statement cf iz
developer does not meet the minimum requirements of the lending institution.
This minimum requirement is usually that income, less expenses, allcws far

1-1/4 times the payment of principal and interest.

You may want to. investigate a Timited partnership. Limited partner-
ships can be formed with the aid of an attorney. They generally are struc-
tured as a tax shelter in.an effort to pass along tax advantages from the
developer to other persons who want the tax savings. The developer becomes
the general partner and uswally contributes a 10% equity share. The Timited
partners contribute the other 90% of the equity. This is a fairly complex
source of financing and requires legal counsel.

Microhydropower preseats some risk in development. It is important
before securing financing to understand the risk-return tradeoff.

In general, an institution expects higher returns for accepting greater
risks. For example, o0il companies risk millions of dollars to drill a well
that may never produce. But if they strike oil, their returns are extremely
high. Lending institutions such as commercial banks are risk-averse. As
risk increases, they charge higher interest rates. At some point the risk
becomes so great that they will not even participate in the loan. If you
intend to use any debt fimancing, you must convince the lending institution
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that your project presents an acceptable risk. The more risk that you can
remove from the lending institution, the lower the interest rate you will

pay.

The greatest risk for a microhydropower development is the sale of the
power. That is why it is essential to work out a contractual agreement
with the utility company. Another risk is that the project may not operate
at its designed capacity. Professio.al engineering services will Tower
this risk. Another risk is that the expected revenue will be less than
anticipated. This could happen for several reasons. The water flow could
be below normal, the equipment may require more shutdown time than antici-
pated, or the rate paid by the power purchaser may fail below forecast.

The contractual agreement with the power company will lessen this risk.

The risk level assigned to your microhydropower development by a lend-
ing institution will be primarily a function of that institution's percep-
tion of your capacity to repay the loan. The institution's previous
experience with you and collateral other than the hydropower site are
important considerations. To obtain a loan, you must present the bank with
a sound business plan as well as a sound technical plan. If you prepare
these plans without professional assistance, you must be prepared to
demonstrate to the bank that you are qualified to prepare them.

The business plan should contain the necessary permits and licenses.
A1l construction costs should be identified. Wherever possibie, provide
vendor quotations and contracts. This lessens the risk of underestimating
the project's total cost. The business plan should also contain realistic
projections of the project's revenues and operating costs over a period at
least as long as the proposed term of the loan. This projection must show
that the project can afford the loan bayments. However, as a minimum you
should be able to demonstrate that the annual revenues less the annual
operating costs exceed the debt service (i.e., interest and principal Toan
payment) by at least 25% during the entire life of the loan. This is
called a 125% debt service coverage.
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The most uncertain projection in the business plan is likely to he tne
project's annual revenues. As previously mentioned, the marketing arrang.-
ment is ciosely reifated to the financing alternatives available. - You za»
significantly reduce the bank's risk by presenting a power purchase
contract. Most banks will not consider the loan without such a contract
The degree of security a bank assigns to a power purchase contract will
depend on the reliability of the purchaser and the terms of the contract.
The most secure arrangement for the bank would be a "Hell-or-high-water'
contract with a major utility. Under such a contract, the utility wouid
agree to make annual payments to you whether or not your microhydrcpowar
site operates as designed. In negotiating this contract, risk is trans-
ferred from you and the bank to the utility. In return for accepting tnis
risk, the rate offered by the utility will be lowered. This type of con-
tract represents the greatest security to the bank and the smallest return
to you. At the other extreme, you and the utility could negotiate a con-
tract for the utility to purchase power at the negotiated rate. Because
this rate can be volatile, such a contract presents a greater risk to the
bank. To compensate for increased risk, the bank may lend a lesser amaunt
for a shorter period of time at higher interest rates than if you had
negotiated a "Hell-or-high-water" contract.

The revenues projected in a business plan can be lower than the
revenues that you actually expect to receive. For example, you may expect
your revenues to escalate by 8% per year as the price of energy increases
with inflation. You may consider this an acceptable risk and base your
expected return on it. However, a lending institution would find such a
risk unacceptable if their debt service depended upon it. An acceptable
risk to a bank might be on the order of "current rates will not decrease
over the term of the loan." When you and the lender have different percep-
tions about the project's future, the lender's perception will dominate the
loan negotiations. It is for this reason that it is best to have a
long-term power purchase contract.
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8. LEGAL, INSTITUTIONAL, AND ENVIRONMENTAL CONSIDERATIONS

This section focuses on the many local, state, and Federal laws that
apply to microhydropower development, the regulations that are involved,
and the problems that must be addressed in getting the certifications,
permits, and licenses or exemptions necessary to proceed with construction
of a microhydropower project. The fact‘that microhydropower developments
are very small and may cause very little impact does not, in most cases,
exempt the developer from complying with these laws and reguiations.
Fortunately, there is an ongoing effort at all Tevels of government.to
s%mp]ify the licensing procedures for microhydropower developments.

The process of obtaining the necessary permits and licenses or
exemptions for any hydropower project should always be started at the
beginning of the project. A systematic approach to Hcensinga will
greatly reduce the time required and minimize the pitfalls encountered.
This systematic approach should begin with the initial agency contacts.

The key agencies in the licensing process should be alerted early to the
proposed project and asked for informaticn on the prerequisites for their
specific permits, certifications, licenses, etc. The developer must deal
with three levels of government: Tlocal, state, and Federal. Normally, all
three levels must be fully satisfied before construction can begin. At the
Tocal level, the developer must comply with county, township, or municipal
planning and zoning regulations. Especially where urban development has
surrounded an existing dam, it is important to make sure that a generating
facility is acceptable under applicable cedes. A building permit and
possibly other local permits are needed to build or refurbish a
microhydropower development. Normally, cognizant state agencies and the
Federal Energy Regulatory Commission require compliance with local laws
before issuing their respective licenses.

a. As used here, the term "licensing" includes all permits, licenses,
certifications, letters, and exemptions necessary for a project.
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The Federal Energy Regulatory Commission (FERC) is the agency
responsible for Ticensing at the Federal level. Where a microhydropower
project does not involve Federal land, a navigable stream, or an upstream
Federal water project, submitting copies of the state permits and
certifications along with the appropriate FERC exemption or license form is
generally adequate. Where Federal lands, a navigable stream, or an
upstream Federal water project are involved, additional permits are needed
from the appropriate Federal agencies. In a few cases involving private
onsite energy use and a private water source, an FERC license will not be
necessary. However, this special case should always be cleared with the
FERC to avoid any later problems.

pecause reguirements vary widely from site to site and from state to
state, it is not possible to present a generally applicable step-by-step
procedure for obtaining all the necessary certifications, permits, and
licenses or exemptions. Therefore, this section discusses considerations
that affect the licensing process and the various requirements encountered
at the various levels of government, and then presents a general discussion
of procedures for licensing the two example sites used in this handbook.

8.1 Environmental Considerations

Environmental considerations affecting microhydropower development and
operation are very site specific. The general guidelines outlined in this
subsection are intended to acquaint the developer with most of the issues
+hat should be addressed. In most areas, local, state, and Federal
agencies can be helpful in identifying potential ecological concerns.
Following is a partial 1ist of such agencies:

© Federal Fish and Wildlife Service
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. State Fish and Game Department

® Federal Environmental Protection Agency

. State Department of Environmental Resources

] State Health Department

° National Historical Society

. Army Corp of Engineers

® Soil Conservation Service

® County and university extension services.

Generally, a developer can expect better cooperation from the
appropriate agencies if initial contact is made early in the planning

stages of a project. These early contacts can provide the developer with
valuable information on stream characteristics and on previously overlooked
adverse environmental impacts that could block the project.

Environmental considerations development are different during the
construction and operation phases of a microhydropower project, although
some overlapping does occur. Therefore, the two phases are considered
separately.

8.1.1 Environmental Considerations During Construction

Environmental concerns during microhydropower project construction
fall into five broad categories:

] Water quality

. Diversion of stream flow




. Sediment control and dredging

» Wildlife and migratory fish

e Historical significance and aesthetics.

8.1.1.1 Water Quality. Water quality concerns during

microhydropower project construction usually involve turbidity (see
Subsection 8.1.1.3) and changes in nutrient loading, temperature, and
dissolved oxygen values. Regulations and standards governing these
parameters vary considerably depending on the type of watershed and its
uses. Contact a local office of the U.S5. Environmental Protection Agency
(EPA), the state agency concerned with water quality, or an appropriate
Tocal agency or county extension service to determine what regulations are
applicable to the proposed development.

8.1.1.2 Diversion of Stream Flow. During construction, you may have

to divert part or all of the flow in a stream. If such action is necessary,
there are usually several options that you can employ (i.e., construction
during low flow periods or winter months, temporary dikes, etc.) to
minimize any adverse environmental effécts. State and local agencies and
county extension services can usually help in outlining these options.

8.1.1.3 Sediment Control and Dredging. Dredging operations and

sediment control during construction are an important problem that must be
addressed. Before starting construction, consider what actions are
necessary to control erosion and minimize sediment transport from all
disturbed areas (e.g., access roads, equipment site, transmission lines,
etc.). The Soil Conservation Service, as well as other agencies, can be
very helpful in outlining plans with the developer.

Dredging of existing channels or impoundments can result in increased
nutrient loading and decreases in dissolved oxygen in the water. Materials
that have settled to the bottom of a stream are often subject to a reducing
envircnment caused by a lack of oxygen. This condition can result in a

buildup of toxic elements that may cause adverse environmental effects if
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the settled material is put back into suspension. If these conditionc are

present, you may require special permits to dispose of the dredge material.

. 8.1.1.4 Wildlife and Migratory Fish. During the planning stage o7
any microhydropower project, contact the appropriate fish and wildlife
agencies to ensure that the proposed project will not affect any threatened

or endangered species. If migratory fish species occupy the watershed,
schedule construction of the project to minimize any conflicts. State ard
Federal agencies can help in protecting sensitive areas and providing
suggestions for restoring areas that have been disturbed.

8.1.1.5 Historical Significance and Aesthetics. During the project
planning stage, contact the appropriate state agency and check the National
Register of Historic Places to ensure that the proposed project will not

affect any protected historical or archeological site. At the same time,
bring any adverse impact on the aesthetics of the project area, including
proposed transmission lines, to the attention of the appropriate agencies
or planning commission. '

8.1.2 Environmental Considerations During Operation

Environmental concerns during microhydropower project operation fall
into four broad categories:

) Effects of water level fluctuations
] Instream flow reguirements
] Water quality changes
'] Effects on migratory fish.
Some of the concerns addressed for the construction phase may need to be

considered again for the operating phase. Most of the following concerns
need to be addressed on a site-specific basis.




8.1.2.1 Effects of Water Level Fluctuations. Effects of water
level fluctuations are usually associated with man-made sources (e.g.,

impoundments) since run-of-the-river operations, by definition, do not
normally have significant adverse impacts. Potential impacts include:?

(] Reduction in riparian habitat, vegetation, wetlands, and avian
nests

[ Inundation of small tributaries

. Decreased stability of stream banks

] Decrease or loss of quality aquatic habitat and spawning areas

] Altered sedimentation patterns

° Stranding of fish and benthic invertebrates

) Disruption of fish migration

e Alteration of food chains

] Changes in algal communities.

8.1.2.2 Instream Flow Requirements. The instream flow requirement

may be the most significant issue associated with microhydropower
development. This term refers to the amount of water flow needed in a
natural stream or channel to sustain the instream values, or uses of the
water in the stream, at an acceptable 'leve1.b It identifies the flow

a. S. G. Hildebrand, L. B. Gross, Hydroelectric Operation at the River
Basin Level: Research Needs to Include Ecological Issues in Basin-lLevel
Hydropower Planning, EPRI WS-80-155, June 1981.

b. J. M. Loar, M. J. Sale, Analysis of Environmental Issues Related to
Small=-Scale Hydroelectric Development V. Instream Flow Needs for Fishery
Resources, ORNL/TM-7861, October 1981.




regime that will sustaia all uses of water within the channel whiie
maintaining aesthetics and water quality. Water uses include su:;o{t cf
fish and wildlife populations, recreation, hydropower generaticn,
navigation, and ecosystem maintenance, which in turn includes freshwiter

b

inflow to estuaries, riparian vegetation, and floodplain wetlands. '~

You can-obtain the minimum flow requirements that must be met f~-
rivers and streams im many areas of the country from the Fish and Wii-:ife

Service and from state Fish and Game agencies. These requirements wil:

- differ depending on charges in the flow regime patterns. For the

micrchydropower developer, localized changes are the major concern, since
in many of tha projects water will be diverted through a flume cr perstoeck
to a generator at a lower elevation before being returned to the original
stream channel. Projects on the effluent end of 1liquid waste dispcsal
operations must maintain sufficient flow tc ensure that the wastas siream ic
adequately diluted and that none of the water quality discharge standards
for the watershed are exceeded (e.g., dissolved oxygen, temperatﬁre, etc.).

Finally, because water used to maintain instream flow is usually not
available for power preduction, the potential energy that can be produced
by a microhydropower project may be less than expected. This is a mador
concern since your microhydropower system may be faced with a mismatch
between energy demand and stream flow requirements.

8.1.2.3 Water Quality Changes. Water quality concerns that may be
an issue to the microhydropower developer include:

a. K. Bayha, "Instream Flow Methodologies for Regional and National
Assessment,” Instream Flow Information Paper No. 7, FWS/0BS-782/61,
Cooperative Instream flow Service Group, U.S. Fish and Wildlife Service,
Fort Collins, Colorade; unpublished report, 156 pp, 1978.

b. P. S. Wassenberg, S. Olive, J. L. Cemott, C. B. Stalnaker, "Elements in
Negotiating Stream Flows Associated with Federal Projects," Instream ricw

Information Paper No. %, FWS/0BS-79/03, Fort Ccllins, Colorado, 41 po,
1979. :

o
]
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] Changes in nutrient transport and cycling
. Altered temperature regimes
° Altered dissolved oxygen regimes

] Altered material cycles, jnc1uding trace elements, heavy metals,
and organics.

The most subtle changes to consider are possible secondary impacts on
biological components of impoundments and tailwaters.

8.1.2.4 Effects on Migratory Fish. The issue of fish migration is

perhaps the most obvious ecological concern in most hydropower
developments. An improperly designed microhydropower project can block the
downstream migration of juveniles or the upstream migration of returning
adults. Contact local fish and game personnel early in the planning stage
to determine if migrating fish are a concern and what type of' structure
should be designed into the project to avoid any adverse impacts.

Fish migrating upstream are generally blocked by obstructions greater
than 18 inches in height. The extent of blockage varies with flow and
species and size of migratory adult. Bypass systems for adults can be
engineered since the swimming abilities of most migratory species are
fairly well understood.

The downstream movement of juveniles presents a more significant
problem for microhydropower developments. Turbine intakes must be screened
and regularly cleaned to minimize adverse impact. Another way of
minimiz{ng the mortality of migrating juveniles would be to shut down for
the period of downstream migration. Most downstream migrating species
Teave smaller tributaries during a 2- to 4-week period. Shutdown during
this time could eliminate problems with downstream migrating species. If
your project is designed to take all or a significant proportion of the
flow of a stream in which there are migrating species, you will probab1y
have to consider the shutdown option.
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8.2 State and Local Requirements for Development

Beczuse state and local laws vary widely, it is difficult to defire
the specific state and local requirements that must be met in develoning 4
microhydropower plant. Many states have energy offices to assist in energy
deve]bpment and energy conservation programs. Several have developed
useful guidelines and handbooks similar to this one to aid the energy
developer. Contact your state energy office or its equivalent to detaring
if such a document exists. State energy offices are listed in Appendi .« &4

Table 8-1 lists the responses of the various states to a microhyarc-
power survey, showing whether certain requirements a}e in effect and
indicating whether a single agency exists to help the developer meet the
many state requirements., Table 8-2 1ists the state-permits that might be
required by a state--in this case, the State of Washington--for a
conventional hydropower project development. Figure 8~1 is a flow diagram
showing a sample procedure for dealing with state regulations-=-in this
case, the state of New Hampshire. These two examﬁ]es can serve as guides
to microhydropower developers.

The Department of Energy has funded studies of the legal, energy
incentive, and institutional problems encountered in many states with
small-scale hydropower development. Appendix H lists the titles of
publications for states studied for the Department of Energy by the Energy

Law Institute of the Franklin Pierce Law Canter, Concord, New Hampshire,

The rest of this subsection briefly discusses the more general
requirements of

) Water rights
] Public Utility Commission permits

o Use of state lands
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TABLE 8-1. STATE RESPONSES TO MICROHYDROPOWER SURVEY

Survey Questions Survey Questions

Name_of State Q-1 Q-2 Q-3 Q-4 Q-5 Q-6 Name of State Q-1 Q-2 Q-3 Q-4 Q-5 Q-6
Alabama QNR GNR GNR GNR GNR GiHR Montana C C X

Alaska X A Cc X Nebraska X C

Arizona QiR QNR QNR QNR QNR QNR Nevada X C X c

Arkansas R New Hampshire X R X
California C X X New Jersey R Y

Colorado A New Mexico A

Connecticut X R c X New York QNR QNR QNR ONR QNR QNR
Delaware X R X X X North Caroiina X R C X X
Florida Cc C North Dakota A

Georgia X C Shio R c

Hawai i A Cc Oklahoma C

idaho A Oregon X A X

Iitinois X R Cc Pennsylvania X R

Indiana X R c X Rhode island X R C

lowa X o c South Carolina R C

Kansas X R C South Dakota X C (o X
Kentucky X R X Tennessee R C

Lovisiana 0 X Texas QNR QNR QNR QNR QONR QNR
Maine X R. Utah QNR QNR QNR QNR QNR QNR
Maryland [ vermont X R X X X
Massachusetts X R X X Virginia R X Cc

Michigan X R C Washington X A X X
Minnesota X R C West Virginia QNR QNR QNR QNR QNR QNR
Mississippi A C Wisconsin R C

Missouri R Wyoming QNR QNR QNR QNR QNR QNR

Q-1. "X" indicates states with a central clearinghouse to handle applicatins for microhydropower
devalopments.

Q-2. "R" indicates states that follow the riparian doctrine in water rights regutations, "A" indicates
states that follow the appropriation doctrine, "C" indicates states that follow combination of the two, and
"o" indicates states that follow other water rights doctrines.

Q-3. "X" indicates states having exemptions for microhydropower developments (under 100 kW).

Q-4. "X" indicates states that require an environmental Impact statement for small hydropower developments,
and "C" indicates states where the need for an environmental impact statement is determined on a
case~-by-case basis. .

Q-5. "X" indicates states that provide tax or marketing incentives other than those imposed by PURPA (P.L.
950619), the Federal legislation that requires utilities to buy power from small hydropower producers.

Q-6. "X" indicates states that have a separate state agency for hand! ing hydropower development permits and
state certification.

QNR. "QNR" means Questionnair Not Returned.
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TABLE 8-2 [fContinued)

Permit Agqency Comments fees Approximate (ime
Archeotogical oAHP Contact prior LO surveys No set 2 months
approval required by FERC. standards
forest practices DNR for construction on forested, None 5-30 days
application/ nynfederal land,
notification®
Surface mining DNR Operations disturbing 2 acres or $25 2-3 months
permit# 10,000 tons o+ greater of surlace

material on noniederal land.
Burning permit#* DNR o surn wood and debris. None 1 week
Dumping permit® DNR Dumping 750 cubic yards of land- None 1 week

clearing debris on nonfederal

land.
Lease of DNR Facilities, transmission lines Fair market 4 months
state lands on state lands. value
Right of way or DNR For easements to cross state 2+ months
road use lands.
Application to purchase DNR Covers excavation and use of any Fair market 2+ months
valuable material stone, rock, sand, gravel, or value

silt from state lands.
Permit to temporarily DNR Removal or destruction of any None 2 weeks
remove or destroy section corner or other tand
survey monument boundary mark or monument.
Permit to operate DoT Road conditions are sensitive None 1 day
overheight vehicles to damage from overweight
on state highways vehicles.
New source construc- Local Air For dust control during use of Based on amount 1-2 months
tion approval¥# Poliution construction machines such as of pollutants

Control concrete batch plants and emitted
Authority asphalt plants.

NOTE: Most projects will not require atl of the permits listed. Small projects are likely to require only a few of these

permits.

* Included in the Washington Environmental Coordination Protection Act
OAHP- Office of Archeological and Historical Preservation
DOT ~ Department of Transportation

WDOE- Washington Department of Ecology
DNR - Department of Natural

Resources
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Ownership — Doas the deveiaper have the legal right to use of the flowing water?
— Does ths developer own both banks?

— Is the water navigable, pubiic. or nonnavigable?

7 N

r {f navigable of pubiic: If nonnavigabie:
. State owns bed of waterway and right Developer owns bed if he owns both banks
to use of flowing water and has the right to use of flowing water

Appeal to state |,
court
ADDly 10 state legislature for legislative charter confering the use and

enjoyment of the water course to the developer
— Pubtic Trust Doctrine

™
| Deniea | Ppprovﬁ}————' !

[ Apply for major dam construction permﬂ

PP P ST e |
" deve‘oper is (he State WalEr RESOUrCE BUrEaU ‘.WRB) lll ueveivper i§ privaie entiy or llulll(.,l.)d!l\‘/J
—construction permitted only on public waterways

1

r:Submn report to Governor and Council (GAC) ]

G&C hearing

[ File statement with WRBJ
k]

WRB determines It dam will be a menace to
public safety if improperly constructed

[Denied] = [Approved | { {Noj
1
I GA&C issue order to proceed with prcject l | File plans and specifications with WRB'

Determine effect on other interests, and apply for necessary permits from appropriate agencies
— dredge and fill from Water Supply and Pollution Control Commission
— dradge and fill in wetlands from Special Board
— dredge and fill in public waters from Special Board
—Department of Fish and Game determination of need for fishladder(s).

( :
‘o———-{Successhﬂc——r Appeat lo state coun_]

Will the dam generate in excess or 5 megawatts or be a municipal corporation operating outside the
corporate limits?

Dam i a public utility r Dam is not a public utility l

——-—-l’l I [ o 1
| Appeal to state coun -1 Successtul

Comply with Public Utility Commission (PUC) regulations
— Onbtain consent of PUC before construction in another ulility's service area

— Obtain consent of PUC befare construction in any town in which the developer is not presently
producing power

— Obtain order permitting energy to be transmitted across state line

1

. . Construction, operation, and maintanance of dam.
— Comply with conditions of all permits
— Utilize Mill Act

i

File petition with WRB
WRB holds hearing

Approved
INEL 2 2689

Figure 8-1. Sample flow diagram of procedure for dealing with state
. regulations (New Hampshire).
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» Dam safety and other safety requirements

[ State environmental considerations

. Historical and archeological considerations
® Transportation permits

° Local planning, zoning, and building permits.

g.2.1 Water Rights

Securing a water right is one of the most important state requirements
to be met in a Microhydropower development. Obtaining an appropriate water
right is a requirement for FERC licensing. Contact the water agency in
your state to determine what the requirements are and to start the process
of obtaining the water rights. State water agencies are listed in
Appendix E-1. In some states, the water rights agency‘is separate from the
water resource department.

.Different doctrines prevail in different states for administering
water rights. Basically, all waters are the property of the state, and the
user is given permission or acquires a right to use the water for some
teneficial use. In the eastern states, the "riparian rights" doctrine
prevails, specifying that a land owner adjacent to a stream has a right to
use the water in the stream in a reasonable manner as long as that riparian
cwner does not inflict substantial injury to other riparian landowners
upstream or downstream. Thus, if your development is in a state where the
riparian rights doctrine prevails, you must have ownership along a stream
to qualify for a water right. Generally, you must have title to both banks
cf the stream. Throughout the country, development of hydropower has
traditionally been considered a reasonable use of water, even when a
diversion from the natural channel is required. Some states require a
formal application for the riparian water right while others do not.
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In the western states, a different water rights doctrine, the "prior
appropriation" doctrine, prevails. In states where this doctrine applies,
a person, company, or government entity may dcquire a water right withous
owning the land. Simply stated, the first person to appropriate water and
apply it to a beneficial use has first right to use the water from that
source. Subsequent appropriators may take water but only after the first
appropriator's use has been satisfied. Usually, this system operates on a
permit basis, and the date of application for a water right permit
constitutes the priority date. In some states that have not had a
mandatory permit system, constitutional provisions have been interpreted
to mean that if the beneficial use has been exercised, a water right hzs
been secured. Most states have now converted to a mandatory permit systzm
to administer water use.

Under the ptior appropriation doctrine, you should file for a water
right permit as soon as possible; if there is competition for the
development of a particular site or section of a stream, the earliest water
rights application has the prior claim.

Some states have a dual procedure for acquiring water rights in which
elements of both the riparian rights doctrine and the prior appropriation

doctrine apply.

8.2.2 Public Utility Commission Permits

Two types of permits may be issued by the Public Utility Commission
(PUC) or its equivalent in each state. One is a certificate that
authorizes construction of an electrical power plant or an electrical
transmission line. This certificate verifies the need for the facility,
provides for administrative reporting of energy production, and covers
possible fees charged for licensing the production of electrical energy in
the state. The license authorizing construction of the hydropo2r Taci:iiy
may also be handled by another state agency.

The second type of permit involves confirming the "qualifying
facility" status for avoided cost under the Federal PURPA act, which is
discussed in Section 8.4, Marketing.
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Contact your State PUC or its equivalent to obtain the necessary
permits. State PUCs are 1isted in Appendix E-2.

8.2.3 Use of State Lands

You may need to acquire or use land administered by the state for
your construction site, water conveyance system (penstock or canal),
t%ansmission line, or access roads, or as a source of construction
materials. The beds of navigable streams in most states are owned by the
state. Different states have different policies for leasing or for
outright sale of the state lands involved. Customarily, the development
site requires full ownership of the land, while rights-of-way for access,
transmission lines, water conveyance systems, and material sources such as
rock require only leases or use permits. Contact the appropriate state
agency to determine what steps you will have to take and to start the
process. State agencies responsible for administration of state-owned land
and land laws are listed in Appendix E-3.

Most states have land withdrawn or set aside for parks, natural areas,
scenic areas, wild or recreational river segments, wildlife refuges,
mineral sites, and hydropower sites. You should make certain that your
site does not impinge on any of the withdrawn or reserved areas, since
development of a microhydropower site in these areas will be difficult or
impossible. A variety of state agencies administer portions of the state
lands, but a state Department of Lands, or Land Commission, or Department
of Natural Resources usually has maps of state lands and the withdrawn
areas and sites, as well as personnel familiar with these areas.

8.2.4 Dam Safety and Other Safety Requirements

The responsibility for administering dam safety programs to reduce the
risk of dam failure has been delegated to the states by the Federal
government. FERC regulations require that a hydropower developer obtain
appropriate permits from an authorized agency. Normally, you will need a
dam'safety permit if your dam or impounding.structure is greater than a
specified height in feet or if your reservoir capacity is greater than a
specified volume in acre feet. The dam height and water volume
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requirements vary from state to state. Many dams or impoundments used in
microhydropower projects are excmnt “.om this permit requirement because of
their small size. Contact the sta.e Department of Water Resources or the
equivalent agency in your state (1isted in Appendix E-1) to find out i you

" need a permit and to start the permitting process if necessary.

A related safety requirement is that of flood plain protection, which
requires that appropriate restraints be made to protect structures in a
flood plain. This is mandated by Federal legislation, A Unified Nationa’
Program for Flood Plain Management, P.L. 90-448. The administration of
this program is handled at the Federal level by the Federal Emergencyl
Management Agency. Some states have old mill acts that provide rules anc
regulations governing the control of flooding that could result from mitl
impoundments. At present, most states have flood plain zoning and local
flood control districts that prescribe the standards of construction that
must be met in the flood plain. To obtain advice and get necessary permit
information, contact the local planning and zoning commission, the State
Department of Water-Resources (listed in Appendix E-1), or a district
office .of the U.S. Army Corps of Engineers (listed in Appendix D-1) or the
Federal Emergency Management Agency. Each of these entities will have some
jurisdictional concern.

Another often obscure safety requirement that must be met is a permit
for the use of explosive materials during construction. This is normally

reqgulated by the Public Safety Divisicn of a State Department of Labor.

8.2.5 State Environmental Considerations

Environmental consideratiors involve three principal areas of concern:

) Water quality and palliution control

. Fish and wildlife

] General ery vonzental impact.
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Some states have enacted environmental coordination legislation that covers
all three togetﬁer. However, Federal legislation has generally separated
the water quality aspects. The actual monitoring and administerihg of the
water quality standards on navigable streams has been delegated to the
states. In rare cases where a state's programs did not meet the mandates
of Federal law, the EPA has administered elements of the water quality and
pollution control regulatory program.

Your microhydropower development will require a state certification
that water quality standards will be maintained. 1In most cases, you can
obtain a permit to allow a temporary viclation of the water quality
standards during construction. To start this process, contact the state
agency concerned with water quality, which may be a Department of Pollution
Control, Department of Ecology, or Department of Health and Welfare. State
agencies responsible for water quality and pollution control are listed in
Appendix E-4.

Much of the water quality control involves fish and wildlife
considerations; a number of states have separately administered Fish and
Wildlife bepartments that exercise control over the fish and wildlife and
the habitat associated with each. Although permits are not normally
neeaed, state laws usually require that developments minimize and mitigate
effects on fish and wildlife. In some cases, the Fish and Wildlife Agency
has classified streams and designated in general what activities are
permitted along streams and in land areas where fish and wildlife can be
affected. You can obtain maps of these streams from your State Fish and

Wildlife Agency. Appendix E-5 lists the various state Fish and Wildlife
agencies.

You should contact the Fish and Wildlife agency in your state to
determine if there will be opposition to your microhydropower development.
A primary environmental consideration will be the minimum flow required to
maintain aquatic 1ife in the stream. Diversions for microhydropower
development that reduce stream flow to below this minimum will not be
permitted. This problem was discussed briefly in Subsection 8.1,
Environmental Considerations.
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A third, somewhat overlapping concern is that of general environmental
impact. This state requirement arises from individual state environmental
protection acts that are much like the National Environmental Policy Act,
P.L. 91-19C. In a number of states, this act is designated the State
Environmental Protection Act, abbreviated SEPA. The environmental concerns
mandated extend beyond fish and wildlife to cover the impacts of many types
of developments~-including microhydropower--on land forms, plant life, and
human activity. Normally, microhydropower developments are small enough
that general environmental impacts are negligible. State agencies that
administer SEPA programs are Departments of Ecology and Departments of
Envircnmental Protection. Appendix E-6 lists the state agencies concerned

with environmental protection.

8.2.6 Historical and Archeo1ogicé1 Considerations

In most states, historical and archeological sites are protected by
law. A state certification of compliance with the law_is required undar
the Natioral Historic Preservation Act, P.L. 89-665, for FERC licensing.
Each state has an agency or council that maintains a list of protected
sites. Appendix E-7 1ists the state agencies concerned with archeological
and historic preservation. Contact the appropriate agency in your state to
determine if your development impacts such a reserve or dedicated area, and
to obtain any necessary letter of compliance.

8.2.7 Transportation Permits

You may need permission to connect an access road from your
microhydropower development to an existing highway. Contact the state
Highway Department for that purpose.

A minor but important permit you may require during development of
your project is one for transporting oversize or overweight equipment over
a state highway. In most microhydropower developments, a need for this
permit is unlikely.
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8.2.8 Local Planning, Zoning, and Building Permits

Local governments require certain permits for any type of construction T
development with an investment value greater than some specified minimum.
Often this requirement is mandated under a state law requiring that a
comprehensive plan be developed for communities and counties. Such plans
are usually administered at the county or city government level. A
planning and zoning commission receives an application and makes a
recommendation concerning it to the administrative officials of the
community or county, who in turn issue the necessary permit or the required
certificate of compliance. Table 8-3, from the State of Colorado
Small1-Scale Hydro Office, is an example of possible local permit
requirements. You should contact local agencies to determine what the
requirements are in your area and to start the process of obtaining
necessary permits.

8.3 Federal Requirements

8.3.1 Federal Energy Regulatory Commission Regulations

The major Federa? agency concerned with hydroelectric development in
general and microhydropower development in particular is the Federal Energy
Regulatory Commission (FERC). This agency issues preliminary permits,
licenses, and license exemptions for hydroelectric developments. The FERC
has jurisdiction where non-Federal hydroelectric projects affect navigable
waters, occupy Federal lands, use water stored behind government dams, or
affect interstate commerce. This includes almost all developable sites.

For microhydropower developments, one of five conditions may apply:
] The FERC may rule that it has no jurisdictional responsibility.

) The FERC may permit a categorical exemption from licensing under
FERC Order No. 202.
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TABLE 8-3.

POSSIBLE LOCAL PERMITS

Action Required

Agency

Reasan

* Zoning conditional

use permit/Special
use permit

Drainage of surface
water permit

Building permit

Temporary road
closure Permit

Other road permits
of temporary nature
Utility permits

Plumbing permit

Temporary sewage
holding tank permit

Grading permit

Floodplain permit

Planning Department/Zoning
Department :

Department of Public Works
Building Department

Department of Roads or
Department of Public Works

Department of Roads or
Department of Public Works

Department of Public Works

Building Department or
Plumbing Department

Sanitation Department or
Department of Health

Department of Roads or
Department of Public Works

City/County/Planning
Department/Zoning
Department/Building
Department

Required if hydropower is
not a use permitted under
present zoning.

If surface water is to be
drained. May be required
for other permits.

For construction of
powerhouse and other
structures,

Needed for any construc-
tion that would close a
road to traffic.

To operate overweight
vehicles, etc.

Needed for transmission
lines; interconnection.

Approval of any plumbing
plans.

For sewage facilities
installed as part of
project on permanent
basis.

For all excavation or
filling activities except
as noted in Uniform
Building Code.

For any development in a
regulated floodplain that
would potentially affect
flood flows or flood
elevations.

Data derived by Colorado Small-Scale Hydro Office in consultation with state

agency officials.
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. The FERC may permit a "conduit" exemption uncder FERC Order No. 76.

® The FERC may permit a case-by-case exemption under FERC Order
No. 106.

) The FERC may rule that a formal license application is necessary.

You should first review the material in this subsection to determine
which of the above conditions applies. If you are still uncertain as to
which condition applies after reviewing this information, write a letter
requesting an opinion on whether the FERC will assert jurisdiction and
which condition will apply. The letter should give the stream location;
the type of diversion; the design head, flow, and capacity, including, if
available, a flow duration curve for the site; and the land ownership
involved. Contact the FERC at:

Federal Energy Regulatory Commission
Office of Electric Power Regulation
825 North Capitol Street, N.E.
Washington, D.C.

Figure 8-2 is a flow diagram showing possible FERC licensing options
and a list of the FERC* regu]at%ons that apply. The paragraphs that follow
discuss, in order of increasing effort and time requirement, developer
actions necessary to obtain FERC licensing.

8.3.1.1 No Jurisdiction. The area of no FERC jurisdiction is quite

rare. All of the following conditions would have to apply:

° The development should be in a water conveyance system such as a
pipeline or canal tnat is privately owned.

) Control of the water should be entirely independent of a free
flowing stream or connected lake system.
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Proposed Project

Options

=

FERC rules no jurisdictional responsibility i)

Project is a manmade source at an existing

Action Required and Applicabie Rules

Letter of confirmation'of non FERC
responsibility.

Notice of exemption is filed with FERC.

dam. Categorical exemption maybe applied p—————p See Order No. 202; Docket No. RMBI-7;

for if the site meets the qualifications.

" water feature.” Applications for exemption

Project is either a manmade or natural
source at an existing dam or “*natural

are made on a case-by-case basis.

"1 apply for a “*‘conduit” exemption.

Project is on a “conduit.” Applicant may

| Applicant may apply for a license.

Figure 8-2.

18 CFR Part 4. :

Application for exemption is required. See
Order No. 106; Docket No. RMBO-65;
18 CFR Part 4.

Application for “conduit” exemption required.
See FERC Order No.76; Docket No. RM79-35.

Project does not qualify for exemption as
specified above, yet it may still be possible
to obtain a license. Example: Environmental
impact of the project is significant.

INEL 2 2684

Flow diagram of possible options for FERC licensing.




] The power produced should not be connected to a commercial
transmission system.

If you believe that your development may qualify, write to the FERC
requesting a "no jurisdiction" ruling.

8.3.1.2 Notice of Exemption for Existing Dams. If your

microhydropower project invoives an existing dam, the simplest action you
can take is to obtain FERC approval through a "notice of exemption" from
]1'cens1'ng,a which only takes 30 days. from the time of filing with the
FERC. Figure 8-3 is a flow diagram of the application process for the
exemption. !

The requirements for approval under this categorical exemption are
quite stringent. To qualify, your proposed microhydropower development
must meet the following conditions: .

. The proposed development cannot be larger than 100 kW (it is
assumed throughout this handbook that you are planning a
microhydropower development of 100 kW or less)

[ The project must use the water power potential of a manmade
source at an existing dam for generating electrical power.

° Either the existing dam must be at a site where there is no
significant existing population of migratory fish, or it must not
obstruct the passage of fish upstream or downstream.

® The development must not diyert water from the waterway for more
“than 300 feet from the toe of the dam to the point of discharge
back to the waterway.

a. See FERC Order No. 202, Docket No. RM81-7 dealing with 18 CFR Part 4.
This can be found in the Federal Register, Vol. 47, No. 20, January 29,
1982, pp 4232-4246.
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Qualified applicant files notice of
exemption for categorical exemption

Applicant files for case-by-case or
“conduit” exemption.

FERC receives notice of exemption
from licensing. FERC must accept,
reject,or extend the time period for
notice of exemption.

Categorical exemption accepted or
30 days pass without notification.
Applicant may proceed; automatic
exemption.

Notice of exemption is rejected.
Applicant may file under case-by-
case, conduit, or license procedures.

Application reviewed by FERC and
corrected by applicant, if necessary.

45 days

Exemption is denied. Applicant may
still apply for a license.

Figure 8-3.

Application is circulated among
agencies and comments are
solicited:

60 days

FERC evaluates application and
agency comments,

120 days for automatic case by case

exemption.

Exemption granted

exemplion.

Application process for an exemption from licensing

requirements.

90 days for automatic *‘conduit”
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® Construction or operation of the development must not adversely
affect any threatened or endangered species or critical habitat
listed in the regulations of the U.S. Fish and Wildlife Service
of Department of the Interior and the National Marine Fisheries
Service of the Department of Commerce.

If only Federal lands are needed to develop and operate the proposed
microhydropower project, any developer may file a notice of exemption from
licensing if the site meets the above criteria. If non-Federal lands are
required to develop and operate the project, the developer must have all
the real property interests in the necessary non-Federal lands in order ‘to
file a notice of exemption.

In filing a notice of exemption with the FERC, you should include ~~
copies of letters from the U.S. Fish and Wildlife Service or a similar
state agency and the state historical agency. The notice of exemption from
licensing is automatically approved if no followup from the FERC is =
received within 30 days of the filing.

Although this action completes the licensing procedure with the FERC,
it does not eliminate the need for you to meet all state and local
reﬁuirements or to obtain approval toc use any Federal lands that may be-
involved.

8.3.1.3 Conduit Exemption. If your microhydropower project does::

not qualify for the notice of exemption but does use a manmade canal or-
conduit, then your next option is to request a conduit exemption.a

The conduit exemption is simpler than a case-by-case exemption (the next
category) because of its location on a manmade conveyance system. If
your site meets the following qualifying criteria, your application for
exemption will be granted within 90 days of filing with the FERC:

a. The conduit exemption is explained in FERC Order Nc. 76, Docket No.
Rm 79-35, which can be- found in the Federal Register, Vol 45, No. 83,
April 28, 1980, pp 28,085-28,092.
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. The site must be entirely on non-Federal land.

] The principal purpose of the conveyance system must be other than
the generation of electrical power, i.e., water supply for
irrigation, domestic use, industrial use, etc.

® No dam can be involved that would not have been built even
without the hydropower generation.

Your application for exemption will be circulated by the FERC to
appropriate Federal agencies for 45 days. If these agencies return no
comments within that period, their acceptance of the application is
assumed. The FERC then has another 45 days to act on the application.

If the FERC takes no action within 90 days of the initial filing, the
application for exemption from licensing under Part I of the Federal Power
Act is automatically granted. If all necessary local and state
requirements have been met, you can now proceed.

8.3.1.4 Case-by-Case Exemption. If your microhydropower project‘

does not qualify for the notice of exemption and is not using a man-made
canal or conduit, then your next option is to request a case-by-case

exemption.a

The case-by-case exemption process is similar to that for
conduit exemptions, but it is broader in coverage and takes 120 days for
automatic approval. The case-by-case exemption covers existing dams and
natural water features--that is, elevation features in streams that lend
themselves to diversicns for water power generation without the need for a

dam or- impoundment--on all lands.

For this case, 1f your project uses an existing dam, it must have been
built prior to April 20, 1977; furthermore, the impoundment cannot be
altered through reconstruction Jf an unsafe dam. The operation of the
project must be acceptable to the U.S. Fish and Wildlife Service, or the

a. The case-by-case exemption is explained in FERC order No. 106, Docket
No. RM80-65, which can be found in the Federal Register, Vol 45, No. 224,
November 18, 1980, pp 76,115-76,165.
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National Marine Fisheries Service, or a similar state agency where
appropriate.

If the project site is totally on Federal land, any developer may
apply for an exemption. If non-Federal land is involved, the developer
must have all the necessary non-Federal real property interests on order to
apply.

As mentioned above, your exemption is automatically granted in
120 days if the FERC has not acted. Once again, this does not exempt you
from applicable local, state, and Federal regulations not covered by Part I
of the Federal Power Act. However, obtaining this exemption is a major
step, and it often satisfies other requirements.

8.3.1.5 License. If your microhydropower project cannot be exempted
under one of the above options, then your remaining course is to pursue a
license, generally a minor license. Normally, this procedure will be too
expensive for Category 1 developers to justify. If this route must be
followed, it would be wise for a Category 2 developer to build a project
large enough to cover the costs involved -in the rather lengthy licensing
process. Also, you will probably require the assistance of an
architectural engineering firm with experience in hydropower to complete
the licensing process.

There are three actions normally taken by the FERC:

. Issuing an exemption from licensing (already discussed in the
previous paragraphs)

e Issuing a preliminary permit for a hydropower development
. Renewing or issuing a license for a hydropower development.
The purpose of obtaining a preliminary permit is to secure priority

for your license where there is competition for devel.pment of a site.
This protects your claim to the site while you collect the necessary data
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and make feasibility studies in preparation for submitting the formal
license application. You do not have to have a preliminary permit, but
obtaining one may be a very important step in protecting your claim to a
particular site. Figure 8-4 is a flow chart of the FERC preliminary permit
process. The contents of an application for a preliminary permit are
specified in Section 4.81 of Chapter 1, Federal Energy Regulatory

Commission, Title 18, Conservation of Power and Water Resources, Code of

i
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The Ticense application is the final and most complex step in the FERC
licensing process. If you cannot obtain an exemption from licensing as
described above, you should be able to use the FERC's short-form license
application for your microhydropower development. The short-form license
applies to minor projects. The requirements for the short-form license
application are specified in Section 4.60 of Chapter 1, CFR 18.

FERC licensing regulations give municipalities and quasi-government
agencies a preference under competitive licensing action. You should
consider the advantage or disadvantage of this preference to a developer
when applying for a license. Under the new rule-making orders of the FERC,
however, this advantage for municipalities and quasi-governmental
developers ceases to exist when exemptions are applied for. Thus, as an
individual microhydropower developer, you are better off securing an
exemption of one form or other rather than going through the compliex
licensing process.

8.3.2 Corps of Engineers and EPA Permits

The U.S. Army Corps of Engineers (COE) through three important Federal
Acts--Section 10 of the Rivers and Harbor of 1899; Section 404 of
P.L. 92-500, the Federal Water Pollution Contral Act; and Section 103 of
P.L. 92-532--has responsibility for permits authorizing structures and
materials movement in navigable streams of the United States. This is
often referred to as the navigation servitude requirement through which the
Corps of Engineers protects the navigability of the waters of the nation.
This authority covers the placement of fill necessary for the construction
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Applicant files Declaration of Intent

with FERC 5

Declaration of Intent reviewed by
FERC,

Y

if license or exemption is necessary,
applicant may submit Order No. 54
“Application for Preliminary Permil”
to FERC to hold site while

No license or exemption necessary

compleling forms

Legal and technical analyses may
be required

Application
denied

¥

Preliminary Permit application
received and processed

FERC invites competing
applications for 60-day period

|

Competing application received and
processed

Application evaluated. Permit goes
to applicant whose plans are best
adapted to region; if applications
are equally well adapted, public
entities are given preference over

private entities”

Preliminary Permit is issued for up
to 3 years.

*Recent practice seems to indicate that the permit goes to the earliest applicant because limited
information on the best adopted plan is not available.
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Figure 8-4., FERC preliminary permit process.
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of any structure; the building of any structure or impoundment requiring
rock, sand, dirt, or other materials; the building of dams or dikes; fil!
for structures such as intake and outfall pipes associated with power
_plants; and any dredging. Figure 8-5 is a flow diagram of the procedure to
be followed in securing a COE permit, known as the 404 permit. Contact ilre ;
COE to determine how your project is affected and to obtain copies of the
form (Form 4345) you must use to apply for the 404 permit. COE offices are
listed in Appendix D-1.

You may have to provide several inputs under EPA-administered
programs. The most important of these, required under Section 402 of
P.L. 92-500 (33 U.S.C. 1341), is frequently referred to as the 402 permit
or, more specifically, the National Pollution Discharge Elimination System
(NPDES) permit. This section of the act covers the discharge of any
pollutant into a navigable stream from any point source. It requires that
you determine whether your microhydropower development will discharge any
pollutants. If your project in any way diminishes the quality of the water
by addin§ sediments, decreasing the oxygen content, or increasing the
temperature, it can be considered as discharging pollutants. Another
question is whether a migrohydropower development constitutes a point
source. The courts have tended to rule that a dam does constitute a point
source of pollution.

While Federal responsibi]ify for this program Ties with the EPA, the
actual administration and field checking are generally delegated to an
appropriate state agency. To apply for a 402 permit or a waiver showing
compliance with the Federal water quality standards, obtain EPA Form 7550-8
from the state agency responsible for assuring compliance with these
standards. This form can also be obtained from the nearest regional office
of the EPA. The state agencies responsible for water quality and pollution
control are listed in Appendix E-4, and EPA offices are l1isted in Appendix
D-2.

The EPA may also require inputs under Section 404 of P.L. 92-500. The

404 and the 402 permitting processes have many overlapping provisions, and
the question arises: If a 404 permit is granted, does it exempt a
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Application
received,
acknowledged,
and processed

Applicant Submits
Engineer Form 4345
to District Office

Public notice issued

Public notice

Normal 30-day
comment period

Corps

J Individuals
[ Special Interest Groups
| Locai Agencies
J State Agencies

Federal Agencies

Applicant signs
and returns
with fee

Application reviewed by Corps
and other interested agencies.
organizations and individuals

Permit
Issued

Application Public hearing
approved may be held

Evaluation Factors
\ Conservation -

Economics
Aesthetics
Environmental concerns

Fish and wildlife values
Flood damage prevention
Welfare of the general public
Historic values
Recreation

Land use

Water supply

Water quality

Navigation

Energy needs

Safety

Fo_d production

Application denied. . .
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Figure 8-5. Flow diagram of U.S. Army Corps of Engineers permit
procedures.
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developer from obtaining a 402 permit? There seems to be confusicn in tie
courts on this issue. While .two referencesa’b appear to support ths
contention that obtaining a 404 permit does exempt the developer fron
obtaining a 402 permit, it would be prudent to check with the EPA.

8.3.3 Other Federal lLaws and Federal Land-Use Permits

Even though the permit processes described above cover thz most
frequently needed Federal permits, there are other Federal laws you may
need to consider, depending on specific characteristics of your site. The
most important of these laws are listed in Table 8-4, and a brief
discussion of their significance to microhydropower development is
presented in Appendix C. Also in Appendix C is a discussion of Fecara’
land-use permits such as for the use of Forest Service land. You shculd
determine at an early stage whether any of these are applicable and, if so,
take the appropriate steps to obtain any necessary permits, approvals, etc.

TABLE 8-4. LIST OF PERTINENT FEDERAL LAWS

1. National Environment Policy Act (January 1, 1978), 91st Congress
(P.I.. 91-190)
42 4.5.C. 4321F.

2. Fish and Wildlife Coordination Act (August 12, 1958), 85th Congress
(P.L. 85-624)
16 U.S.C. 661-64; 1008

3. Endangered Species Act (December 28, 1973), 93ra Congress
“(P.L. 93-205)
16 U.S.C. 1531-41F.

4. National Historic Preservation Act (October 15, 1966), 89th Congress
(P.L. 89-665)
16 U.S.C. 460a-t

a. W. H. Rogers, Environmental Law, West Publishing Co., 1877, p. 3%93.

b. Environmental Law Institute, Air and Water Pollution Control Law,
1980, p. 485.
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TABLE 8-4. (continued)

5. Fedesral Water Pollution Control Act (October 18, 1972), 92nd Congress
(7.L. 92-500)
33 U.S.C. 1251-1265F.

6. ater Quality Improvement Act (April 3, 1970), 91st Congress

Wate
{f.L. 91-224)
33 U.S.C 466 + more

lean Water Act Amendments of 1977 (December 27, 1977), 95th Congress
L. 95-217)
U.S.C. 1251

Cas ™ 3y
W O -

8. Wild and Scenic River Act (October 2, 1968), 90th Congress
(F.L. 90-542)
is U.S.C. 1271-87

Na

Netional Wilderness Preservation Act (September 3, 1964), &8th Congress
{(7.L. 88-577)

10. Coastal Zone Management Act (October 26, 1972), 92nd Congress
(P.L. 92-583)
16 U.S5.C. 1451-1464

11, Federal Land Policy and Management Act of 1976 (October 21, 1976),
94th Congress (P.L. 94-579)
43 U.S.C 1701, O2F

12. Federal Power Act (June 10, 1920; Aug. 26, 1935; May 28, 1948, etc.).
See also Federal Water Power Act

13. Public Utility Regulatory Policy Act of 1978 (November 9, 1978), 95th
Congress (P.L. 95-617)
16 U.S5.C 2601-2633F

#ational Trails System Act (October 2, 1968), 90th Congress
15, recific Northwest Power Planning and Conservation Act (Decembar 5,

.i20), 96th Congress (P.L. 96-501)
16 U.S.C. 837-839

8.4 Marketing

.1 Category 2 developers and some Category 1 developers wh» olan to
sell teir excess power will be required to enter into a sales contract
with a2 utility. The contract can be negotiated directly with the utility,
or ti: Zsveloper may decide to pursue & contract based on the Public
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Utility Regulatory Policy Act (PURPA) rates, which may or may not be set by
ta

the State PUC. Generally, only Category 2 developers will want to pursu

wr
L]

the PURPA rate and then only if they are producing significant power.

The first part of this subsection discusses a general sales contract.
The second part explains PURPA and what is required to qualify.

8.4.1 Sales Contract

If you are a microhydropower developer who plans to sell power, you
will be required to enter into a written contract for the sale of produced
energy to the power distributing utility. This is a negotiated agreement

- If you are able to finance the project without other securities as
collateral, you will generally need a contract that runs until the
conclusion of debt service payments in order to obtain the necessary
financing. The following are representative contracts:

® One with constant cash flow, in which the purchasing utility pays
a set annual fee independent of the power produced, with an
escalation clause, if desired

® One written to recover all the facility costs plus some profit
for the developer

] One written to require the purchasing utility to pay a floating
price based on its cost of purchasing power elsewhere.

In general, the first case will be less risky for the developer and thus
will usually involve a lower price for the electricity produced. The
second case puts more risk on the developer since it does not cover the
risk of zero output. The third case gives the developer the least
protection but would 1ikely result in a higher unit price for the
electricity sold. Variations of these forms of contracts will prevail,
depending on the desires of the contracting parties. It is customary for
these sales contracts to be on file with the State PUC because the
information is necessary for the commission to set utility rates.
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Normally, you will be required to pay for all costs of interconnection
with the purchasing utility's system. You will also be expected to
purchase insurance covering liabilities arising frem the operation of your
microhydropower development and its interconnection with the purchasing
utility's system. The contract will normally specify the phase, current
frequency, voltage, and delivery location of the delivered energy, and will
u acil
utility's system. The terms of the agreement will also define the sales
price or prices, termination procedures, gnd provisions for reasonable
inspection and for interruption of the electricity. Many purchasing
utilities have developed a standard agreemznt form for units in the
microhydropower range of 100 kW or less.

fou should contact the individual purchasing utility or utiiities
early ir the planning process to obtain needed information and to cevelop
the necessary harmonious working relations. Where more than one purchasing
utility is available, there may be a significant difference in the avoided
cost permitted by the PUC. Hence, you sheuld inquire with more than one
utility if possible. You should also contgct the State PUC for information
on the various options that are available in the negotiation of the sales
contract. |

g.4.2 PURPA

The U.S. Congress in 1978 enacted the Public Utility Regqulatory Policy
Act ¢ ~URPA), P.L. 95-617 (16 U.S.C. 2701), to help preserve nonrenewable
snergy resources and to give incentives for development of renewaile
resuurces that are not being used to their optimum potential. Th's
includes existing dams and remaining stream sites that are readily
afartible to power generation but are presently undeveloped. Ths
constryction of small-scale hydropower plants at such stream site: Could
‘es:w. the nation's dependence on foreign oil and help alleviate inflation
sy o..atering the Country's balance of payment deficits. The fui! text of
URr~ van be found in the Federal Register, Volume 45, No. 56, c.ed
Marcn 20, 1980.
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Provisions of the act encourage municipalities, electric cooperatives,
industrial development agencies, private entities, and nonprofit

organizations to undertake small-scale hydropower developments at quaiifizd

sites. This is done by requiring electrical utilities to purchase the

power produced by these small power plants at the utility's avoided cost
(see Subsection 8.4.2.2). The act eliminated several problems for
developers: (a) the reluctance of electric utilities to purchase the power
produced because of the lack of in-house control and the perceived
unreliability of the producticn, (b) the charging of discriminatory rates
for backup power by some electrical utilities, and (c) being considered an
electric utility and thus becoming subject to extensive state and Federa!
reqgulations.

8.4.2.1 Qualifying Facility. Significant among PURPA requirements
is the definition of a "qualifying facility." Your facﬁ]ity can qualify
for avoided-cost payments from electrical utilities under PURPA as
specified above under the following conditions:

° The power development and all other facilities at the same site
that use the same energy source must not exceed a generating
capacity of 80 MW.- Facilities are considered as located at the
same site if they are within one mile of each other and, for
hydropower facilities, if they use water from the same
impoundment for power generation.

® More than 50% of the facility's total energy input must come from
the use of biomass, waste, renewable resources, or a combination
of these.

® The small hydropower facility may not be owned by a person or
company primarily engaged in the generation or sale of electric
power. A cogeneration or small production facility will be
considered as owned by a person or company primarily engaged in
the generation of electric power if more than 50% of the equity
interest in the facility is held by an electric utility or
utiliities, or by a public utility hoiding company or companies or
any combination thereof.
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8.4.2.2 Avoided Cost. The provisions of PURPA, P.L. 95-617, are
designed to provide incentives for developing renewable energy resources,
including hydropower. A number of states have also passed state public
utility regulatory acts to further encourage development of renewable
resources, including hydropower. If the purchasing utility can reduce its
costs or avoid purchasing energy from another utility by purchasing
electric energy from a qualifying facility (as defined above), the rate for
the purchase is to be based on those energy costs that the utility can

aveid, which are called the avoided costs. This impiies that the

purchasing facility can defer or delay the construction of a new generating
plant, or decrease the purchase of power from another utility because of
the power purchased from the small hydropower development.

Factors influencing the price you will receive for power ycu sell
under PURPA include:

° The availability of capacity or energya at a qualifying
facility during daily and seasonal peak energy demand periods

. The reliability of the capacity or energy supply

e The duration of the period during which the qualifying facility
can contractually guarantee a given capacity or supply of energy
to the utility

* Coordination between the scheduled outages of the guaiifying
facility and of the utility

o The backup capability of the qualifying facility in the event of
a utility system emergency

2 The lead time associated with the addition of the quatifying
facility

a. The difference between the energy and capacity of a hydropower plant is
imiwoiant in understanding the avoided-cost rate. These term: zre defined
in ~o Glossary (Appendix G).
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. Costs or savings that can result from differential line Jo:izzs in
transmitting and delivering the energy

. Alternative nonrenewable energy fuel costs.

PURPA also requires that the purchasing utility cffer to purchase the total
output of energy or capacity or any portion of efther that the qualifying’
facility wishes to offer. The avoided-cost rate that must be paid t: ¢
qualifying facility

] Shall be just and reasonable and in the public interest
] Shall not discriminate against the qualifying power producer.

The ultimate responsibility for defining the avoided cost has been
assigned to the State PUC or its equivalent in each state. The PUCs in
turn have required the purchasing utilities to present their supporting
information for defining the avoided costs. The burden of proof falis an
the purchasing utility when it establishes an avoided-cost rate for the
purchase of power. The rate must be based on accurate data and systematic
costing principles.

You must contact both the purchasing utility and the State PUC when
making arrangements for an avoided-cost sale contract under PURPA. State
PUCs are listed in Appendix E-2. Knowing how to contract with a purchasing
utility is important to the early planning of any microhydropower project
from which you plan to sell power. A detailed treatment of this topic for
the state of Washington is covered in Marketing Manual, Volume II,

Developing Hydropower in Washington State, published by the Washington

State Energy Office and the Department of Energy.

8.4.2.3 3Sales Opportunity. The PURPA act specifies that purchasing

utilities must purchase the output from qualifying facilities. To take
advantage of this sales opportunity, you must first know that your proposed
microhydropower development is a qualifying facility, as discussed in
Subsection 8.4.2.1, above. Purchasing utilities can include investor-owned
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utilities, municipal electrical utilities, electric cooperatives, public
utility districts, state agencies, federal agencies, or any person who
sells electricity. Federal electric energy marketing entities like the
Tennessee Valley Authority and the Bonneville Power Administration can also
be purchasing utilities. Federal power marketing entities are listed in
Appendix D-7.

A purchasing utility cannot have more than a 50% equity interest in &
microhydropower development if the development is to be classified as a
qualifying facility and claim the avoided cost price structure mandated by
PURPA. This means that no public utility holding company or person owning
a portion of the purchasing utility can claim the avoided-cost provisions
of PURPA if they also have an equity interest greater than 50% in the
qualifying facility.

The state can furnish listings of purchasing utilities. This
3 information is normally available from the State PUC (listed in Appendix
E-2) or from the Office of Energy (listed in Appendix E-8) in each state.

Section 292.303 (f) of PURPA indicates that there are situations in
which a purchasing utility is not obligated to purchase energy from the
qualifying facility of a microhydropower developer:

° A purchasing utility is not obligated to purchase from a
qualifying facility during periods when such purchases would

result in a net increase in operating expenses for the electiric
utility

. A purchasing utility can discontinue purchase from a qualifying
facility during an emergency if the purchase of energy will
contribute to the emergency.

The “=ate PUC or energy regulatory agency has the authority ts verify
whether these exemotions from purchase can be allowed. As mentinned
earlier, State PUCs or the equivalent agencies are listed in Appendix E-2.

8-40




8.5 Example Sites

This section presents step-by-step procedures for obtaining the
ol ' - necessary certifications, permits, and licenses or exemptions for the two
example sites used in this handbook:

- . & A run-of-the-stream site in Washington State

] A manmade site in New Hampshire.

8.5.1 Run-of-the-Stream Site

The run-of-the-stream site is Tocated in mountainous terrain 1in
Washington. This site has been described previously in Subsection 2.7.
The owner is a Catergory 1 developer whose primary objective is to provide
power for two family dwellings that are currently satisfactorily supplied
power from a 12-kW diesel generator.

For this example, it is assumed that title to the generating site
belongs to the developer. It is also assumed that during the
reconnaissance study, the developer contacted

° The Federal Energy Regulatory Commission (the Federal agency

responsible for licensing essentially all non-Federal hydropower

ﬁrojects)

[} The Washington Department of Ecology (WDOE) (an environmental
checklist was obtained, filled out, and returned)

] The Washington Department of Fish
° The Washington Office of Archeological and Historical Preservation
s . The Washington State Energy Office (WSEQ), and

(] The U.S. Forest Service.
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to determine whether there are any major hindrances to development. Major
hindrances to cevelopment would include the presence of a threatened or
endangered species in the site area, an anadromous fish run in the strear,
a historic site at the diversion dam or power plant site, a scenic
designation for the site, or major agency opposition for some reason. Each
agancy contacted was asked for advice, the prerequisites for its permit(s),
and the time involved between application and issuance.

Figure 8-6 shows a flow diagram of the licensing process for
microhydropower projects in Washington. The State of Washington has
published an excellent guide book for the licensing process, Developing
Hydropower in Washington State: A Guide to Permits, Licenses, and
Inzentives, which can be obtained from either the WDOE or the WSED. The
developer in Washington should obtain this guide book early in the
reconnaissance process and follow it throughout.

As soon as the reconnaissance study indicates an environmentally and
economically favorable site, the developer should submit to the FERC a
notice of intent to file for an exemption or preliminary permit. Although
a notice of intent is not necessary, it is generally a good investment,
since it secures the site against all competition that might be considering
the same site. A notice of intent to file for exemptioh only requires an
acknowledgment, whereas it generally takes about 6 months to obtain a
pretiminary permit from the FERC. The applicant should specifically ask
for any recent additions or changes in the application process. A number
of vays to simplify the process for small-scale hydropower develunments,
especially microhydropower, are currently under study by the FLRD.

Every hydropower project must have a water right. Filing for z water
right permit should be one of the deVe1oper's first steps, in order %o
establish his claim. Since the WDDE issues Washington water rignt perui.s.
there should be no technical problems in obtaining the permit if the
de.¢roper has already established contact with the WDOE as previousiy
suggusted.
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Initiating Contacts made with:

Federal Energy Regulatory Commission

Washington Department of Ecology

Washington Department of Fish

Washington office of Archeological and Historical Preservation
Washington Energy Office

Step 1 é\}

Send FERC a notice of inteni to apply for a case-by-case
exemption, or apply for a preliminary permit, to secure
the site while completing the “licensing’’ process.

Step 2 +

Local Government Permission

Step 3 +

Application for Water Right and State Environmental Certification

Stef) 4 *

Water Quality Certification

Step 5 +

U.S. Forest Service Land-Use Permit

Step 6 +

Miscellaneous Permits as Required

Step 7 *

Federal Energy Regulatory Commission
Case-by-Case Exemption o Minor License

Sl

INEL 2 2680

Figure 8-6. Flow diagram of licensing process for a microhydropower
project in the state of Washington.

Insofar as possible, the developer should accomplish the steps
described in the following paragraphs simultaneously.
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The microhydropower project must comply with Tocal planning and zoning
ordinances. 1In this case, the agency for the developer to work with is
probably the county planning and zoning commission or the public works
department. The developer may have to obtain a building permit or a letiar
certifying that the proposed project is in compliance with local
ordinances. The building process itself should be discussed with thess
local officials since a variety of specialty permits may be needed,
depending on the actual construction process. Page 13 of the Washington
guide book, reproduced here as Table 8-5, lists local permits commonly
required in the State of Washington.

The project will also need environmental certification under SEPA, the
Washington State Environmental Policy Act. The WDOE is the administrater
of this program. This step should be straightforward if the environmental
checklist was filled out and turned in to the WDOE during the
reconnaissance study. The expected result at this point is a negative
declaration, meaning that no significant environmental impact is expected
as a result of the project. This expectation is based on the incorporation
of suggestions received during initial contact with the agency about
minimizing the potential environmental impact of the project. Had a major
obstacle arisen during the initial contacts, it would probably have
required an environmental impact statement, or at least a hearing, either
of which would seriously jeopardize the economics of a microhydropower
project.

If the environmental certification does not include histerical and
archeological considerations, then the developer should contact the
apprepriate agency and obtain a letter certifying that the site is in
compliance with the related state code. In the State of Washington, this
is the Office of Archeology and Historic Preservation. FERC Order Ne 207
does not require a historical and archeological certification or
cateqorical exemptions for microhydropower projects, but the other
exem:ticn and licensing options do.

Water quality certification is also required under Federal faw
{(Feceral Water Pollution Control Act, P.L. 92-500; Water Quaiity
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TABLE 8-5.

WASHINGTON.

LOCAL PERMITS THAT MIGHT BE NECESSARY IN THE STATE OF

LOCAL PERMITS

The local (city and county) permits that are neces-
sary for a hydro project will vary from county to county

in number, type, application, iocaticn, and cosi. The
fellowing table shows the most common permits.

T

Name

Shoreline
substantial
development
permit

Zoning condi-
tional use
permit

Surface water
drainage plan
approval

Commercial
building
permit
Temporary
road closure
permit

Utility
permits

Sewage holding
tank variance

Grading permit

Interlocal
agreement for
construction on
county roads

Permit to
operate over-
weight vehicles
on city ofr
county roads

Plumbing permit

From

County Planning
Department

County Planning
D=spartment

County Department
of Public Works

County Building
and Piumbing
Department

County Department
of Public Works

County Department
of Public Works

County Department
of Health -

County Department
of Public Works

County Building and
Plumbing Department

County Department
of Public Works

City/County
Department of
Public Works

Reason

Required if any part of
project is within 200 ft
of an applicable shoreline.2

-Required if project is not
in conformance with zoning
for county master plan.

Drainage plan must be
approved before several
other permits can be issued.

Applies to construction of
powerhouse.

Needed for any construction
that would completely close
a road & traffic.

Needad for transmission
lines and utility intertie.

For sewage facilities
instalied as part of the
project on a permanent basis.

For all excavation or filling
activities, except as noted
in the Uniform Building Code.

Must approve plumbing plans.

Short-term agreement applies
to upgrading and performing
maintenance work on county
roads used by overweight con-
structicn equipment

Required only where road
conditicns are sensitive
to damage by overweight
vehicles.

8ghorelines on segments of streams upstream from a po:nt where the mean annual flow is 20 cfs or less
and shorelines on lakes less than 20 acres in size are not designated as applicable shorelines.

Aporoximate Tima

4 months

3 months

1 month

2 weeks

1 week

2 weeks

2 months

1 month

1 day

1 month review
3 months agreement

1 day
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Improvement Act, P.L. 91-224; and Clean Water Act Amendments of 1977,

P.L. 95-217). The WDOE is the state agency responsible for this
certification. For the described project, there should be no significant
problems, although the developer may have to install the diversion
structure and bury the penstock piping in accordance with agreed
specifications. In this particular example, the developer may have to
obtain the USFS land use permit described below before the water quality
permit can be issued. The key to minimizing preblems at this stage lies in
clarifying the priority of applications during the initial contacts with
the various cognizant agencies.

A U.S. Forest Service permit to use governmeat land for the diversion
structure, penstock, and access roads will be necessary. The developer
should obtain the necessary forms during the recomnaissance study so that
they can be filled out as the required information becomes available.

A variety of other permits could be necessary, depending on the final
project plan and on local and state regulations. Insofar as possible,
these should be determined in advance during the reconnaissance study.

{See pp 13, 17, and 18 of the Washington handbook for other local and state
permits which might be necessary).

Since the FERC is required by Federal law iv ensure compliance with
appropriate local, state, and Federal laws before issuing a license or
exemption, The FERC short-form license or exemption is generally the last
permit the developer obtains before starting conmstruction. In ite case of
the categorical exemption for microhydropower under FERC Grder fio. 2072,
however, this is not true. The categorical exemption can be granted Lefare
other Federal, state, and local requirements are complied with. In any
case, the developer should obtain the specific forms required al the .ine
of initial contact during the reconnaissance study. Much of the
information required by the FERC is identical to that required by :he
state. Therefore, certifications or permits from thz various state
agencies are generally acceptable to the FERC and will greatiy evpszdite
obtaining this final license.
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Once again, the importance of establishing early and ongoing
communication with the permitting agencies to assure orderly compliance
with their requirements cannot be emphasized too strongly.

8.5.2 Manmade Site in New Hampshire

The manmade site is located at an existing dam on a small stream in
the rolling hills of New Hampshire. The site includes an o]d, retired
gristmill. The electric utility's distribution Tine passes within
300 yards of the mill. This site has been described previously in-
Subsection 2.7. The owner is a Category 2 developer whose primary
objective is to supply nis own electrical needs and sell any excess power
to the utility.

As with the previous example, it is assumed that the developer has
approached the licensing process systematically by establishing early
contact with key local, state, and federal agencies. These include

) The Federal Energy Regulatory Commission

° The New Hampshire Water Resource Board

* The New Hampshire Water Supply and Pollution Control Commission

° The New Hampshire Department of Fish and Game

8 The New Hampshire Department of Resources and Economics

® The responsible local government entity.

Figure 8-7 shows a flow diagram of the licensing process for a
microhydropower project in New Hampshire. Also see Figure 8-1, which shows

a detailed flow diagram of the State of New Hampshire requirements for
. hvdropower projects of all sizes.
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Initial Contact with local, state and Federal agencies

FERC

N.H. Water Resource Board

N.H. Water Supply and Pollution Control Commission
N.H. Department of Fish and Game

N.H. Responsible local government entity

Step 1 {}

Submit a letter of intent to file a notice of exemption, or
file for preliminary permit with intent to file for exemption

Step 2 l

S S

Legal title to dam site NOTE: As many as passible of
these steps should be
Step 3 l performed simultaneously.

Water right

Step 4 l

Dam safety permit

Step 5 ;

Water quality certification

Step 6 ‘

" Dredge permit

Step 7 ;

Historic site certification

Step 8 &

Fish and game certification

Step 9 &

Planning and zoning certification or building permit

Step 10 i,

FERC exemption
INEL 2 2679

Figure 8-7. Flow diagram of licensing process for a microhydropower
project in the state of New Hampshire.
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No two water development sites are exactly the same. The exact rumber
of permits, certificates, and licenses or exemptions required will vary
with the site characteristics and the mix of private lands, public lands,

public waters, and navigable and nonnavigable waters invoilved. The exact

step-by-step sequence for licensing this New Hampshire site cannot be
specified without additional site-specific information and the output of
interactions with the various local, state, and Federal agencies. The best
procedure is for the developer to establish agency contacts early, ask for
the necessary licensing forms and any written instructions that mignt b=
available, and then systematically complete the paperwork for local, state,
and Federal licensing.

When making the initial agency contacts, the developer should take or
send & land ownership map of the site, a drawing of the proposed project,
and some pictures of the dam, gristmill, pond area, and stream. These will
help the agency personnel in outlining requirements for licensing the
development.

At the state level, the developer must obtain at Teast a water right
permit, a dam safety permit, and a water quality permit or certification
under Section 401 of P.L. 92-500. The state agency responsible for these
is the New Hampshire Water Resource Board. The Water Resource Board must
also consider effects on scenic and recreational values, fish and wildiife,
downstream flows, and public uses where appropriate. The developer should
secure all applicable forms at the initial contact.

During the initial contact, the developer should also ask the Water
Resources Board about the historical classification of the old gristmil]
and dam. If the Water Resources Board cannot immediately answer this
question, the developer should call or visit the Department of Resources
and Economic Development (see Appendix E-9), which is in charge of historic
preservation, to determine whether the proposed development is affected in
any way.

During initial contact with the Fish and Game Department, the
developer should clarify the status of the impacted land area and the
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stream. Since the stream has a considerable flow, it may be important to
anadromous fisheries, or it may be classified as public trust or even as
navigable. Any of these could present additional requirements leading to
time delays and additional costs. The developer should also ask whether
the development might affect any threatened or endangered species in the
vicinity of the dam site. The presence of such species could greatly
complicate the development of the site.

If the project calls for dredging, the developer will need a permit
from the Water Supply and Pollution Control Commission (see Appendix E-4).
The correct form should be obtained during initial contact with the agency
and filled out in a timely fashion.

Next, assuming that the initial inquiries do not uncover any
insurmountable difficulties, the developer should procure a legal
determination of ownership of the affected lands and the riparian right to
the water. Legal ownership of both sides of the stream at the dam site is
critical. The pondage area could be acquired by eminent domain if
necessary, provided the developer has legal title to the dam site.

. As soon as the site ownership is determined, the develdper should
submit to the FERC a notice of intent to file for an exemption or
preliminary permit. Although a notice of intent is not necessary, it is
generally a good investment, since, with one exception, it reserves the
site against competitive licensing applications. The developer should have
obtained the ncessary forms during the first contact with FERC and should
have gathered the required information during the reconnaissance study.

The next step is a study to ascertain as clocsely as possible the
technical, economical, environmental, and institutional feasibility of the
project. The larger the project, the more likely it is that a professional
engineer or consulting firm should be handling this step. An engineer will
need to certify the safety of the dam in this particular project.

Since this project is less than 5 MW, it is exempt from New Hampshire
Public Utility Commission reguiations, but the PUC avoided-cost rulings
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could be a major input to the economic analysis and overall project
feasibility. Therefore, the developer should seek out the New Hampshire
PUC (see Appendix E-2) to get this information.

If the stream is considered navigable, the developer will have to
obtain a permit under Section 10 of the Rivers and Harbors Act of 1899 from
the COE, which is responsible for protecting navigable streams. If
dredging is involved, a permit under Section 404 of P.L. 92-50C will
probably be required from the COE as well as from the ctate. Considerable
review is involved in these permits since The U.S. tnvironmental Protection
Agency, the U.S. Fish and Wildlife Service, and various state agencies all
comment on them.

At the same time the state and Federal permits are being secured, the
developer should be working with local governmental entities to establish
compiiance with the necessary planning and zoning regulations and obtain a
building permit. Land ownership certification and a dam safety permit may
be prerequisites for a building permit. The key to minimizing problems at
this stage lies in clarifying the pricrity of applications during the
initial contacts with the various cognizant agencies.

A1l of the necessary forms for Ticensing should be filled out as part
of the feasibility study so that, with a favorable feasibility report,
licensing can be completed shortly thereafter. The time from the initial
contacts to the licensed project may be more than a year. The larger the
project, the longer this process will take.

Since the FERC is required by Federal law to ensure compliance with
appropriate local, state, and Federal laws before issuing a license or
exemption, The FERC short-form license or exemption is generally the last
permit the developer obtains before starting construction. In the case of
the categorical exemption for microhydropower under FERC Order No. 202,
however, this is not true. The categorical exemption can be granted before
other Federal, state, and local requirements are complied with. In any
case, the developer should obtain the specific forms required at the time
of initial contact during the reconnaissance study. Much of the
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information required by the FERC is jdentical to that required by the
state. Therefore, certifications or permits from the various state
agencies are generally acceptable to the FERC and will greatly expedite
obtaining this final 1icense.

Once again, the importance of establishing early and ongoing
communication with the permitting agencies to assure orderly compliance
with their requirements cannot be emphasized too strongly.

The FERC is currently streamliining its licensing process for
microhydropower projects. The developer should seek the latest rulings
from the FERC during the initial contact so as to comply with the
correct regulations and minimize the paperwork involved. The

Governor's Council on Energy
2 1/2 Beacon Street

Concord, NH 03301

(603) 271-2711

should also be contacted for the latest New Hampshire information on legal
reguirements and also other information on incentives, sales contracts,
marketing, and technical information helps.

Finally, when the project is licensed for construction, the developer
must secure annual permits and plan for annual costs. These should also be
considered in the reconnaissance and feasibility study stages because of
how they influence the overall project economics.
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