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WATZR POWER FOR THE FARM

by
vmin J, Hill and Q0. W. Monson
Department of Irrigation and Drainage

INTRODUCTION

The fast flowing mountain streams, creeks, and rivers, found in
nost sections of ontana, piovide numerous opportunities for the installation
of small water power plants. Attempts have been made to develop many of these
power sites, but for one reason or another many have been abandoned. With
increasing use of gzasoline and electric power, however, there is an increased
interest in these sources of power supply, particularly in those localities
where the buildins of electric power lines will not be practical.

Small water power installations, when properly developed, can be
very satisfactory, and many have given good service for long periods of time.-
Such installations are real assets, and well worth the necessary time, effort,
and expense, However, the design and installation of a successful plant is
not always an easy task, If it is not carefully planned it cammot be expected
to give satisfactory results. If makeshift equipment is used, or if equipment i
is improperly or carelessly installed, there is a good possibility that the y
development will be a disappointment, if not a complete failure. Most of the
plants which have been only partially successful, or which have been abandened
entirely, have had one or more of the following faults: (1) the water power
available in the stream was not sufficienty (2) the plant wasted too much of
the available nower; (3) power was not dependable because (a) the water supply
became inadequate during low water seasons, or (b) beccause the plant did not
operate satisfactorily; (4) the equipment wore out before it had paid for
itself; or (5) the eguipment was damaged or put out of commission by floods
or other unusual conditions.

e —

A careful preliminary survey is necessary to determine whether or
not the plant will develop enough power to be economically worth while. A
comparison with other forms of power supply must be nmade in order that the
least expensive kind will be secured. Complete plans and designs for all
parts of the plant and connected equipment should be made and checked care-
fully before any installation is undertaken or very much money or time is
invested. In this way satisfactory results from any effort or investment
will be assured. Careful design and installation will keep power losses at
a minimum, and maKe the development as useful as possible. The cost of equip—-
ment, which is usually one of the major expense items, can be kept down by:
(1) judicious use of homemade (but not makeshift) equipment; (2) proper
selection of power site, type of equipment used, method of power transmission
etc.; and (3) effective use of favorable natursl condibions. ’

d Information given here is intended to be helpful in the nroper

design, seclcction, and installation of small water power cquipment. Dircctions
and specifications are included for the construction of some types of dams
and water controls which are practical for usec with water power plants.
Information is also included on the installation of small hydro—electric
plants, as these provide one of the best methods of harnessing water power for |
general farm usc. I¢ is hoped that this information will assist in the ;
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rchabilitation of many power sites now 2handoned or not oneraulng satisfsc—
torily, and that it will also help in the development of new sites in those
locatlons where such development is sconomically practicable.

PART I. ' PLANNTHG A SMALL WATZR POWER PLANT

The importance of 2 efully made, complete preliminary plans cannot
be over—cmphasized. A1l factors nmst be given proper consideration 1f the
installation is to be succecssful. Many of these factors are technical in
neturc, and thercfore, if possible, it is well to consult an engincer or
other person experienced in the installation of water power equipment.
Manufacturers of water power cguipment often have engineers available, and
are usually willing to glve as much assistance as they can. Other rcliable
sources of information and help sihould also be used to the fullest extent,

Planning is best done in two steps. First, a preliminary survey
should be made to determine the feasibility of the »roject, This survey
should answer the following gucstions:

1. How mmch water power is availabvle? Is there cnough to make
a development worth whilc? Will it be dependable or will
it be nccessary to provide for daily or scasonal flucbuations
of supply or of demand for the power? How will very dry
scasons affect these considerations?

2. How much power is nceded? Will the water zvailable satisfy
the power demends of the farmstead, or will it bc necessary
to have auxiliary power for part or all of the time? How
can the power be used so that it will be of greatest service?

3. Will the expcense of the instellation be worth while? Will
construction of the plant provide a worth while way of using
"spare' time? Can power be securcd more cheaply in somec
other mammer. Is therc a nrobabnllty‘that this installation
will repey the investment in matcrials and labor, and do so
within a reasoneble period of time?

Sccond, if the results of this survey show that the projcct is feas-
ible, detailed designs and plans should be mnde as follows:

1. Survey the site, locating power house, dams, canals,
tailrece, cte,

o

2, Seclect the type of waber wheel which will be the most
satisfactory.

3. Decide on the most suitnble mothod of power tronsmission,

zl-o

1¢c dam, the wheel and the pover housc, draw 2
w1 oof 211 cloetric tronsmission and building wiring,

4
iroet drive is use Q, sietah the arrangement of all
eipmont, 4 SHEXLE, ts, gears, etc. Plen
no r>f21ly and meke an estimnte
sal
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5. Checl 21l plans to sec that no error has been made. If
the project lociks good "on paper!, a rcal start will
i_~.-

have been made toward securing a satisfactory installation.

The Preliminary Survey

Determining the Power Availables
£

The amount of power available for development depends upon two
factors: (1) the "head". which is the total amount of fall available
(usually measured in feei), and (2) the normal rate of flow, which is usually
rmeasured in cubic feet per second ("second-feet?). A rate of flow of one
second-foot with a head of ten feet.will theoretically develop approximately
one horsepower.® This gives a rule of thumb method for making a quiclk estimate
of the power available: rultiply the rate of flow in second feet by the net
available free fall or head in feet, and divide by 10 to obtain roughly the
theoretical horsepower. The amount of power which’can actually be developed
will be from one-third to three-fourths this value, depending upon the
efficiency of equipment used. If the velocity of the stream in feet per
second is known, the equivalent head in feet can be found from table 3 in
appendix II.

In case the available power is desired in terms of kilowatts instead
of horsepower, one horsenower is equal to approximately three-fourths of a
kilowatt. Therefore, theoretical power available in kilowatts is about three-
fourths that in terms of horsepower., Since some power will be lost in
generation of electrical energy (which is usually considercd when the term’
"kilowatt" is used), the number of kilowatis available from a development can
usually be taken at about half the number of horsepower determined according

to the above rules.

Tables for malting closer estimates of the power which can be
delivered in useful form, when the head and rate of flow are known, are given
in appendix II, In case this power will be inadecuate, an increase in the
anount of power available may be obtained by: (1) creating a pond which will
store water through periods of light power demand to supply additional flow
when the demand is heavy, (2) increasing the head by (a) building a higher
dam, or (b) by diverting water farther upstrcam, and (3) deccreasing losses
and wasted water by morc careful design and construction of canals, flumes,
and other equipment. One or morc of these methods must be used to improve
or rechabilitate ciisting power plants in order to incrcase their output.

*Actually the theoretical nower available from ten feet-sccond-feet is
1.135 horsepower, However, sincc the amount which will be lost in develop—
ment is very hard to estimate, this rule of thumb is close cnough for this

surpese.  In case the flow in Montanc minert's inches is !movm, thi houl
murpese r's inches is !movm, this shoul
ne divided by 4C to oblain the flow in sceond-foet.
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Defore the head can be estimated it is necessary to determine the
nrobable location of the nower plant, to decide what kind of dam which will
be used, and to selsch its approximate location. It may be possible to‘
secure on ample flow of waber by means of a simple diversion dam some dis—
tance upstream. This will necessitate a long canmal in most cases, and may
require expensive fluming., Instead of this arrangement, it may be possible
to have a2 higher dam near the plant. A dam of this type will be more expen-
sive than a diversion dam, but less canal and flume will be necessary. Also,
there will be the adventage of having a pond which will make possible better
control of the flow of water to the plant. This often makes possible, in
turn, the use of larger capacity eguipment, and the pond may help materially
during periods of low m=ter flow.

In considering a storage pond, it is usually not wise to provide
for more than daily or weekly fluctuations in water level, Seasonal storage
will require & more expensive dam and a larger storage area. These may be
valuable for other than power purposes, however.

After the water level at the dam has been determined, the point
downstream where the plant probably will be located should be decided upon.
The verticel distance between the surface of the water back of the dam, and
the surface of the stream at the plant site will be the total head aveilable
(see figure 1). An engineer's level, or for short horizontal distances a
carpenter's level, can be used to determine this height.

If a velocity meter 1s not available, the velocity of a stream can
be estimated by measuring a fixed distance of any length from 50 to 200 feet
along a portion of the stream where the bed is of uniform depth and grade
(see figure 2). Opposite the upper mark, throw in a handful of chips or
leaves. Determine as accurately as possible--using a stop watch if one is
available~—~the length of time it takes until the center of this cluster of
chips or leaves passes the lower mark, Determine this several times, and
then take the average. Use four—-fifths of this average value to obtain the

approximate velocity of moderately sized streams (usually calculated in terms
of feet per second).

The rate of flow should be determined for all seasons of the year.
It is particularly important that the least flow which ordinarily can be
expected be determined, for this will become a limiting factor in planning
uses to which the power will be put. This low flow must provide sufficient
power to operate any equipment which may be used at that season of year
during which it occurs. Otherwise an awxiliary power supply will be nec-
essary. Possible-flood conditions should also be anticipated and considered
so that provision can be made to prevent damage to the plant  during flood
seasons. If a pond or other storage reservoir is to be used, it will be
well to know also the total run-off for the ycar. Often it may be desirable
to make a survey of the entire drainage basin of the stream to make sure
that sufficient water will be available. Too much stress cannot be given
this important point, for one of the primary causes of disappointment with

small water power plants is their fatlure to provide adequate power through-
out the year.

e AT
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The most sabisfactory method to obtain this data is to in§tall
some form of a weir in the stream. This will make possible the tgklng of
readings over a long period of time, and such readings are essentlalvlf com-
plete infcrmation on the stream flow is to be secured. .If only a ro?gh .
estimate of the flow is desired, however, and the velocity at any point is
known, it is merely necessary to determine the cross—sectional ayea.of the
stream at that point. If this is found in square feet, and multiplied by
the velocity in feet per second, the rate of flow in second-feet is deter-
mined. Cross—sectional area can be found by taking several measurements of
the depth of the stream 2t uniformly spaced points across the strean, .
averaging these, and mulitiplying by the width of the stream at that point.

Planning for Use of Power:

If a power plant is to be successful, it must be able to supply
power for some useful purrose around the farmstead. Often a definite power
demand exists before the plant is considered, and it is important to know
beforehand that the proposed plant can meet this demand satisfactorily. Also,
as soon as power is available, additional demands may be made on it, and the
most satisfactory plant will be the one which can meet not only present, but
future demands as well. In any case, the limitstions of a proposed plant
should be known before any investment is made. Only in this way can results
be satisfactory. For these reasons it is very important that the uses to
which the available power is to be put be carefully plamned in advance. Some
contemplated used may have to be abandoned. Provision mey have to be made to
secure additional power, or means may have ‘to be provided to supply auxiliary
power., All of these factors should be considered before the plant is built,
rather than afterward, for in this way a well balanced farm power unit can be
developed. .

Water power installations, from the very smallest to the largest,
can be used for pumping water for the houschold or for irrigation. Very small
water wheels can drive small direct connected pumps to deliver necessary water
for household use, while large irrigation pumps require several horsepower, or
even several hundred in some cases. Wheels which will deliver less than one-
half horsepower will not be very practical cxcept for driving small water
pumps, grindstones, small mills, or they may be connected to drive a small
generator, and in conjunction with o storage battery furnish a few lights and
power for a radio., Larger power outputs can readily be put to mony types of
uses around the farmstead, particularly when clectrical transmission is used

to’deliver the power where it can be used the most conveniently (sece figures
10, 11 and 12).

Considerations in Estimating the Cost of a Water Power Installation:

o Each development has so meny individuzl problems and conditions that
it is nccessary to have plans for a specific project fairly completc before
any estimate of probable cost can be made. A rough preliminary estimate
should.be_made, however, in order that the feasibility of the project can be
determined before toc mich time is spent on the final plans. Costs of
individuel items, and of the total installation, may vary between wide limits
for different installations, depending on:
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1. Whether commercial or homemade equipment is used.

2. Whether or not spare time labor is available. (4 project
of this nature may provide a valuable use for spare time.

3. A4vailable head, type of dam, preparation necessary for
storage area, length of canal required, type of water
wheel or turbine which will be necessary, method of power
transmission to be used, distance of power site from farm
buildings, and related factors.

4. Construction difficulties, cost of materials, and related
factors.

There is usually a tendency to overlook or neglect important costs
in connection with small water power plants. Any of the following items may
enter into the cost of a complete installation, and should be given proper
consideration:

1, Dam, spillway, headgates, etc.
2. Canal, flumes, penstock, ete.

3. Control valves or gates, weed rack, ete.

4o Tailrace.

2+ Water wheel or turbine, with suitable mounting, bearings, etec,

6. Governor.

7. Gearing, pulleys, or other speed changing mechanism,

8. Generator? line shaft, or other means of power transmission.
;f electrical transmission is used there may be the follow-
ing to consider.

a. Batteny, switchboard, meters, regulator,
transmission line to buildings, poles,
cross~arms, insulators, line wire, guy
wires, anchors, grounds, etc,

b. Wiring in houses and outbuildings,

C. Meters, electric appliances, and lighting
fixtures.

9. Driven equipment such as Mmps, grinders, mills, etc,

& s JETAp
10, ;»sgltabl§ b?lldlng to house the water wheel, and generating
0L Transmission eguipment.
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‘Location of the Power Site

In making the preliminary survey, a probable location for the
power site has been szlzcted. If the preliminary considerations have
indicated that the project will be worth while, a final survey and design
of the power plant should be undertaken. The site should be located at the
point where the available head for a given horizontal distance will be the
greatest. Penstocks, flumes, or canals should be as direct and short as
possible. Also the method of power transmission to be used must be kept in
mind. A direct-driven pump must, of course, have the wheel near the source
of water which will be pumped. Direct drives to farm equipment will bé
possible only if the wheel can be located very near the farm buildings. If
electrical transmission is used, larger wire and higher voltages will be
required to transmit power any distance. Thus if a site with a satisfactory
head can be located near the farm buildings, this should be done. Otherwise,
the cost of a canal, etc., must be balanced against the cost of additional
transmission line until an arrangement is found where the total cost will be
at a minimum,

Selecting the Type gi'ﬂéter Wheel

Power can be developed from low heads if a large quantity of water
is available. The higher the head, the smaller the flow required, and in
general the less expensive the equipment for a given power output. With

different heads and rates of flow, different types of wheels are needed,

The four general types which have been found to be practical for small power

installations are: (1) the undershot, or current wheel; (2) the overshot
wheel; (3) the turbine; and (4) the impulse (Pelton) wheel. Wheels are
designed to operate under heads and with speeds which approximate those
indicated below:

Total head i Type of wheel Speed in R.FP.M.%*
0.5 ft. to A f@. Current wheel 0,2 to 20 rpm
3 ft. to 30 ft, Overshot wheel 5 to 40 rpm
3 ft.‘to 80 ft, Turbines 100 to 3000 rpm
15 ft, to 1000 ft. Impulse wheel 100 to 3500 rpm

*Revolutions per minute

Current ¥hzsls (see fisure 4):

Thase whesle can be operated with very low heads. They are fairiy
useful Jor pumpling o raising water with attached buckets with slow speed
1

pumps, Wt have such zlow speeds that they are very poor for generating
electricity or for ariving other hizh sneed equipment,

g



Advantages: l,
2s
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Disadvantages: 1.
2
3.
be
Se
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May be quite easily homemade,
Usable on very low heads.
Require a very simple approach and tailrace.
Very slow speed.
Variable speed with variable load,

Tendency to freeze in winter.

Heavy and unwieldy.r
Very low efficiency.

Difficult to mount, as they must be raised -
and lowered with variations in stream level.

Overshot Wheels (see cover illustration):

These are good all-purpose wheels for small power installations.
If installed with reasonable care, they will. operate with high efficiency
under a wide range of operating conditions. They are not easily damaged by
debris, and if properly constructed and housed should not give trouble from
freezing, In general they will require but little attention, Their speed
is so slow that gears or a jack shaft will always be necessary for electri-
cal generation, but the fact that they can be home~built usually offsets
this disadvantage. In general they can be highly recommended, particularly
for heads which do not exceed 15 or 16 feet.

Advantages: 1,
-
-
ey

5e

Disadvantages: 1.

2.
3

o

Fairly high efficiency under wide ranges
of load and discharge.

Can be homemade quite easily,
Maintenance and repair is comparatively simple,

Slow speed makes wear on buckets and bearings
negligible.

Heavy weight has tendency to keep speed
steady under sudden load variations.

Slow speed is poor for electrical purposes.

Often the large size necessary makes
nrorer housing difficult.

Diffi-ouly to govern speed closely if this
shouid be necessary.

e

Jsuaily requires considerable headrace
iz, Liust be clear of tail water at
all times or efiiciency decreases sharply.

T

s
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Figure 4. A CURRENT WHEEL WITH BUCKETS FOR LIFTING
WATER.

Figure 5. AN IMPULSE WHEEL

This wheel was made in the engineering department of Mon-
na State College, using a saw mandrel and buckets cast in the
college foundry. ‘Water enters through the pipe which carries
the nressure gage. the nozzle being under the wheel at the right.
placed over the wheel during the operation.

A tight housing is

+
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Turbines (see figures 3 and 6):

Y

=

Turhines are of bwo general types: the reaction, using a Francis
runner; and the propeller, using a screw blade. Both work satisfactorily,
but in general the propellier type will work better for low heads (3 feet to
12 feet). The propeller t{ype gives a little faster speed, which often makes
possible a dirsct drive to the generator where a belt or gear drive would be
required with a Francis type of runner, Use of the screw blade malies possi-
ble a lighter, and therefore a slightly less expensive, turbine. However,
it does not, in general, have the ruggedness of the reaction type, and is
not recommended for the heavier power installations where the head is
sufficient to use the reaction type. Most manufacturers supply both types
of turbines and will advise which is the best for any particular installation,

Advantages: 1., Good efficiency under varying load conditions.

2. High speed, often making possible a direct
drive to generator.

3. Little danger from freezing.
L. Can use a governor effectively.

5. Entire unit can be self-contained and very
cerpact,

Disadvantages: 1. Cannot be homemade easily.
2. Comparatively expensive.
3? Often wear badly and replacements are expensive.%
4, Governor is expensive.

5. Efficiency drops sharply when flow is
decreased below normal.

Impulse Wheels (see figure 5):

s L

These are usually used for high heads where most of the energy will
be in kinetic form. They must be carefully made to insure good efficiency,
so homemade types are not rccommended. Governing is accomplished by means of
a needle valve in the nozzle. They are much smaller, and lighter, for a
glven capacity than the turbines, primarily because of the higher head and
correspondingly smaller volume of water handled, However, the finer workman—

ship necessary about offsets any differcnce there might otherwise be in their
cost.

Advantages: 1. Good cfficiency when properly installed with
high heads,

2. High spced makes direct drive of generator
Sle

Pl e
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3. Comparatively small guantities of water needed.
of =

e
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Disadvantazes: 1. Cannot be homemade easily.

2., Require an accurate nozzle and carefully
made cups.

3. Require carefully designed penstock, making
total installation expensive for small sizes.

L. Splash badly and are very inefficient if not
carefully adjusted and accurately governed.

5« Have a tendency to wear badly because of
high speeds,

No estimates of the costs of wheels can be given, because this cost

will vary with the head, power output, style, and many other factors. It is
suggested that quotations be secured from the marmufacturer on the type and
style of wheel best suited for the installation contemplated.

Methods of Power Transmission

FElectrical transmission of power has become so common that the
possibilities of direct drives from water wheels are often overlooked.
Direct drives eliminate energy losses through a generator, transmission line,
and motor, and if they do not require complicated gearing or line shafts,
often make possible the use of very small power outputs which cannot be
developed economically in any other way.

Perhaps the most common use for a direct drive is for pumping water.
Current wheels are often arranged with buckets in their rims to raise water
from the stream, Chain pumps consisting of buckets arranged on a contlinuous
chain, also work well when driven from slow speed current or overshot wheels,
but are very low in efficiency. Reciprocating pumps comnected by means of a
crank or through a draft wire also work well with these wheels., Centrifugal
or impeller type pumps should be driven from turbines or impulse wheels, for
it is difficult to obtain the high speed necessary to drive these pumps from

slow speed water wheels without losing a large portion of the available power. !

Occasionally a line shaft can be arranged to transmit power from a
water wheel to drive small tool grinders, grindstones, mills, wood saws,
churns, washing machines, or other farm and household equipment which need
not be moved from place to place,

Unless most of the power output of a wheel can be used through some
simple, convenient type of direct drive, however, electrical transmission is
recomnended, as it makes possible the use of power at any convenient point
around the farmstead, and to a greater extent, at any convenient time. Semi~
portable equipment can be used, such as vacuum cleaners, farm motors, etc.,

and it is also possible to uss this form of energy directly in the form of
hezt or light.

While slow speed current and overshot wheels are very satisfactory
for use with dirsct drives, they are poorly adapted for driving electric gen—

e€rawors. opecial gears or belis will always be necessary to increase the

i
!
{
i
;
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lting, Gears and chain drives are also very

more exnensive than crdinary belting. )
efficient, but likerise are guite expensive. With overshot wheels a single

jack shaft will usuc_¢, give satlsfactorv rbsults. Gurrent'wheels may require
electric generator practlcal. Turolnes can often bhe dlrnct—connec ed, or atb
most need but a single set of gears or a belt., Impulse wheels are usually
connected directly to the electric generator.

Electrical energy may be generated and transmitted as either alter-
nating current (A.C), ér direct current (D.C.). Residential supply for cities
and towns is usually A.C. and therefore equipment for use on this type of
supply is easily available. Alternating current used with transformers may
be transmitted for long distances. On the other hand, generating equipment
for this form is more expensive than for D.C. and the generator must be driven
at a very steady speed. This requires the use of an expensive governor on
turbines and impulse wheels, and makes it impracticazl to supply aluernamno
current from overshot or current wheels., On the other hand, direct current
generators are comparatively simple, and can be éasily contnolled. Proper
design‘makes possible a constant voltage supply under widely varying driving
speeds, and this makes a governor unnecessary. These forms of energy will
usually be available in different voltages as listed below:

Voltage Voltage até

3t A AR

at plant buildinas. Advantages f Disadvantages - 1
g v, 6 v. Generators easily obtain- | Very low capacity.
oY or rable from old automobiles. | Requires largé trans-
16 v. 12 v.  iStandard car battery used. ' mission wires. .
B.C. D.C. -Recommended for plants of less than 500 watt capacity.
‘Can be used with storage  Requires special lamp bulbs
35-38 v. 30-35 v. ibattery. Generating and + and apnliances., Requires
D.C. D.C. rcontrol equipment is low ‘ large wires and camnot be
(2 wire) ';L_n-g.qr:v*fi}:@:b.l.\:@. gosk.. .. . branshitted very far, |
Recommended for plants from 0.5 kw. to 1.5 kw. size.
“:May use standard lamp . Needs special motors and
120-125v. 110-120v. bulbs and smaller heating ! radio sets., Cannot be used
D.C, D.C. :appliances. B"ttery may » with transformers. Not
{2 wire) 'be used, but is too expen- ; practical for capacities of
{sive to be recomuended. ! more than about 2 kw. .
'ReCODWﬁndeﬂ for plants of 1 !ow. and 2 kw. capacity
iwhere transmission distances are not over 500 feet.
‘haj use svandard lamp . Needs special motors and i
125-250v, 120-240v, ibulbs and heating appli— : radio sets designed for
D.C. D.C. ances. Uses comparatively @ this type of power supply.
(3 wire '1ne;pen51ve generating i Cannot be used with small
;equipment which does not | transformers for toy trains,
:require a governor, i door bells, ete.
i Standard supply. Therefore ' Generating equipment is
LTT—?§OV, :appliances and ecquipment ' relatively expensive.
. el Zeas*1" cbtainable, HMay be Requires use of a sensitive
(2 or3 ‘transformed and trans< : and therefore relatively
wire) ‘ . distances, _ : expensive governor.
> d for larger plants (5 %w. or more) and for |
‘vlants et will supply more than one farmstead,
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Survey and Design Data For Complete Plant

The maps and plans need not be elaborate, but they should be com-
plete in all details. Too much information is better than not enough. In
general, the Tinished plans should include:

1. A map of the dam, stream, canal, flumes, penstock, tailrace, etc.

2. A cross—section of the dam and spillway, with other con-
struction data.

3. Plans of head race or penstock, showing trasih rack, water
controls, and similar features (see figure 6).

4. Plans of the water wheel or turbine installation, showing
nounting, delivery of water to the wheel, governor control,
and other details.

5. Diagram of wiring system complete for each building, similar
to the plan shown in figure 7, showing location of all out-
lets, branch circuits, etc.

6. A plan of the farmstead showing all distances to and between
buildings.

Checking Finished Plans

If it has not been possible to consult an engineer in making the
preliminary survey and plans, one should be engaged to check over the finished
plans and make criticisms and any changes which may be necessary. If a
commercial wheel is used, the company furnishing the wheel will be glad to
have their engineering department do this, as they will require most or all
of this information before they can make an intelldigent suggestion as to
type and size of wheel or turbine necessary. In addition to these plans, it
will be well to include the following data when requesting information from
a water wheel menufacturer:

etV A T

l. Measurement of head and description of how it was taken,

2. Measurement of maximum and minimun volume of flow with
dimensions of weir or cther informetion on how measure—
ment was made,

3. List of uses to which power will be nut,

4. Information conceruing any weter power cquipment which
may be on hand.

5. Any other informaticn which may be useful,



FIGURE 6. A DEVELOPED POWER SITE
SHOWING RELATIOKSHIP OF VARIOUS PARTS
OF A HYDRO-ELECTRIC INSTALLATION

WIRING SYMBOLS

O GEILING LIGHT
OUTLET

PCYA CEILING LIGHT OUT-
LET WITH PULL CORD

=3 WALL LIGHT WITH
CONVENIENCE OUTLET

=0 CONVENIENCE OUTLET
=® HEAVY DUTY OUTLET

S ONE WAY SWITCH

.S; THREE WAY SWITCH

Q

A

3

R0

SERVICE ENTRANCE
EQUIPMENT

FIGURE 7. A HOUSE ¥

22

IRING PLAN

This need net include a wiring diagram, but
should show the location of all outlets,
Tixtures, swiiches, and other ecquipment which

will be nermancntly attached to the wiring
systen.
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PART IT. DAMS AND WATER CONTROLS
A dam, in most cases, is not needed for a current wheel, since

oia)
control is effected by raising or lowering the wheel to conform to the level
of the watsr in the stream. In other cases, when the wheel is installed in
a flume, control is accomnlished by means of a low diversion dam built of
loose rock, or by a number of piles driven into the stream bed to which a
heavy plank may be nailed,

For all other types of water wheels a dam is needed for the
diversion and control of the water. Only a brief description is given here
of the construction of different types of dams.

There are two main purposes for which dams are usually constructed:
first, for the impounding or storage of water, as in a reservoir; second,
for the diversion of all or a part of the flow of a stream.

The first type of dam must be designed to withstand considerable
pressure, since it always involves raising of the water surface to a con-
siderable height. To withstand pressure, the dam must be securely anchored
to its foundation to prevent sliding dowmstream due to the pressure from
the water impounded on the upstream side. It must also have sufficient
weight to withstand both sliding and overturning. In addition to this,
enough rigidity must be built into the dam so that it will not crumble
under the stresses imposed upon it. Storage dams may be built of earth
£i1l or of masonry. In either case the same fundamental principles concern—

ing the pressure of water rust be followed,

For small water power installations a dam of great height will
probably not be needed, and therefore should not be difficult of comstruction
by any farmer. Simple directions for the preparation of dam sites and the
construction of small dams are given in Montana Extension Bulletin 180.

At times diversion dams a2lso may have to withstand heavy pressure,
since it may become necessary to raise the watcer surface a considerable dis-
tance to get the stream out of its deep channel. "In diverting water from
a stream, often only a part of thc flow is nceded, especially during high
wabter. To allow this cxcess water to flow down the creel: without washing
out or othcrwise endangering the dam, the "overflow! typc of dam is needed
in which the spillway is built into and becomcs a part of the dam itsclf,
Diversion dams of this type may be built of rcinforced concrctc, but these
are generally too costly for farm construction, so structures arc sugzested
which can be built of local materials and at a lower cost.

One of the simplest of these is the rock and brush dame An illus-
tration is given in figure O. It should be constructed with sufficient
e rigiiitss towrithotnn?d the prossure and the crosive action of the
mion shouid wezin well helow the strean bed and in firm
facec of m should be built up with laycrs of
withh roei nnd zach successive loyer of brush should be

1 the ratio of cbout two to one; that is,
cf rise, The mcin body of tho dam is
.y too, should begin well below the stream
nds of the daa should be built three or four
- acvciion, and the sides of this spillway should
»ool sgeurely anchered into the carth fill.

e
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DIRT AND STONE CORE
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{E}) WOOD HEAD GATE

CONSTRUCTION OF DANMS, FLUMES, AND HEADGATES
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Another type of dam which may also be constructed from local
materials is a ”rouéﬁ rubble masonry" type, such as is shown in figure 8.
This dam consiste of a face of solid masonry with an earth fill behind it
of such dimensions and weight as to resist the pressure of the water. At
the foot of the dam a rock apron is built, upon which the overflow water
will fall, The level of this apron should be one foot below the level of
the stream bed so that the overflowing waters fall into a water cushion be-
fore flowing out into the chamnel below. The rock on the face of the dam
should be laid with cement mortar, but the inside or core of the dam may be
filled in with rock and clay. The side walls and wing walls should be well
anchored into the earth at each end of the dam to prevent leakage at these
points. Above the dam the earth fill should have a slope of three to ‘one
down into the water. Thus, the flow of the water is prevented by the earth
£111, and the masonry is used primarily for the spillway, which is part of
the dam itself,

Timber cribs filled with rock and backed with an earth fill may
also be used for diverting water into a power flume, If the 1ift is not
great—say not over four or five feet—-a wooden diversion dam may be used
with saféty and the water level controlled by means of flash boards or a

headgate.

There are as many ways of building dams as there are locations for .

them, and the farmer can adapt the design to fit the conditions which are
present, keeping in mind always that the fundamental principles governing
pressure and water erosion must be followed if failure is to be avoided.

To convey the water from the reservoir or diversion dam to the
water wheel, a canal or flume must be constructed of ample capacity to carry
the maximum flow nceded for the operation of the plant. Since a constant
flow is usually desired in the canal, a headgate and wastewey must be in-
stalled at the intake to provide completc and constant control over the

water flowing over the wheel., The underflow type of headgate is best suited” |
for this purpose. The flow is regulated by raising or lowering the hcadgate. -

In front of the headgate a trash rack should be built to prevent cntrance of
rubbish which might clog the water wheel,

The headgate should be sccurely anchored into the banks as shown
in figure 8, to prevent all flow of weter around the ends. ' If wooden struc—
turcs arc used, the wood should be given a coat of creosotc or other
protective materdal to prevent rapid deterioration. It is a good plan, also,
to use heavy dimensioned materiel, since this will make o morc substantial
gate and decay will progress more slowly. Reinforced concrete with wooden
headboards is highly desirable wherever this type of construction can be
afforded. All hcadgntes should be securely anchored and protccted to pre-
vent water uwashing around or under them., For long supply ditches a second
be necessary near the water wheel or turbine so that the flow

mind in using concrecte is that only
used, and thet therc should be no
conerctc mixturc with an insufficicent
inding metorial, is liablc to failure at any

i
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PART III. CONSTRUCTION AND INSTALLATION OF HYDRO-ELECTRIC PLANTS

FElectricity provides one of the most convenient methods for trans-—
mitting the power developed by a small water power plant. It will allow the

tse of appliances and equipment in more convenienf locations than will other-

wise be possible. It will make it possible to operate a larger variety of
appliances and equinment, and will thetrefore make the power development more
useful. Also, as mentioned previously, it makes possible the use of water
power for furnishing heat and light, :

The disadvantages of electrical transmission are found in the added

cost of the electrical equipment, and in the additional energy losses which

s
i

i

occur in the electrical equipment. These objections are usually far outweighed§

by the advantages which are gained, but nevertheless they should be given
proper consideration.

Energy losses in hydro-electric installations, in addition to those

found in the water power plant, are:

1. Mechanical losses in bearings, gears, belts, shafting, ete.,
of the generator drive.

2. Electrical and mechanical losses in the generator.
3. Electrical losses in transmission lines and wiring.

L, Electrical and mechanical losses in motors and appliances.

Overall hydro—-electric efficiencies, which do not take into account

the last two of these losses, will run from very small values for crude in—
stallations to as high as 50% or 60% for carefully designed and constructed
plants., More detailed information on what may be expected can be obtained
from appendix II. Transmission losses should be kept well under 5%, and
motors can be expected to have an efficiency of from 75% to 85%.

5176 OI Ueneraving riant Hequired

" Generally speaking, hydro-electric plants which will not deliver
at least 500 watts (approximately one-half horsepower) at all seasons of the
year, will not be worth the investment necessary for their construction,
Very small plants of this tyre, driving an automobile type of generator and
1 automobile iype storage battery, can furnish enough energy for
diz., Plants which can furnish between 500 and 1000
cnaroy for most of the necessary lights in a small
, te a fow small appliances. One kilowatt
ut 15 sixty—watt lamms, or will operate an elec-

: is comected abt the some time. This power will
>ine, a water pump, and most small household
»2f more than about 900 watts (bacause of trans—

3

oniectod at any one time.

—eeormainibiay e A TN S




STORAGE POND

FIGURE 9.

ELECTRIC
WASHER

Al
RADIO

FIGURE 10. USES OF ENERGY
FROM A PLANT OF LESS THAN
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FIGURE 11. ADDITIONAL USZS OF
ENERGY FROM A PLANT OF FROM
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FIGUR® i2. ADDITIONAL USES OF ENERGY FROX A 4 TO 5
KILOWATT PLANT

These larser plants will furnish energy for these and simdilar
uscz, in addltion to those shown in figures 8 and 9.
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Installabions which deliver 1,5 kilowatts or less should have a
storage battery., This means that such plants should be of the 32 volt type
or less, for batteries used with higher voltage plants are too expensive to
be practical. Storage of energy can be done -either in a pond or in a battery,
and sufficient storage capacity to handle daily fluctuations in power demand
will approximately double the usefulness of an installation. Pond storage
will require a dam, and a suitable reservoir area, of course; but it may
make possible an effective use of a 120 or a 240 volt plant with its added
advantages. On the other hand, a storage battery is quite expensive, and
will require occasional replacement, thus adding to operating expense. A
32 volt plant will require larger wire for the transmission lines, and
slightly more expensive appliances than will be necessary if the higher
voltage can be used.

Two kilowatts supplied by the generator will operate up to 1300
watts without any difficulty. This means that almost any household sppli-
ance, even including an electric ironer (manszle) can be used. Electric
water heating will be possible if not more than 1500 wnatts are used in the
heater elements. A refrigerator can also be installed safely on this size
of installation, Sm2ll motors can be used around the form, and there will
be plenty of power for pumping water and for lighting.

I an electric ronge is desired, ab least 3 kilowabbs mist be
delivered by the penerator, Even this emourt will nob operate mich equip-
nent, in addition to the range if the oven or several of the surface units
are on ot one time, A battery is usually not proctical in connection with

a range, because the large capacity which would be requirad would moke its
cost prohibitive,

Five kilowatts will supply most of the ordinary electricel needs
of an average farmstcad. This will run small feed grinders, silage cutters
and blowers, wood saws, milking mochines, etc., and will also furnish ample
power for 2 range and obther houschold appliances. Such an installotion, if
capable of delivering full capncity at all times, is a very satisfactory one.
Larger installations cost less per unit of power capacity, but unlcss there
is a definite demand for the additional power, they are not rccommended for
supplying ordinery farmstead power demnnds. Total costs are higher for the
larger sized equipment, and the additional capacity will not be any great
advantage unless there is a definite demand for it.

Details of Hydro-Electric Plants

Good quality equipment is necessary to convert the major port of
the mechanical power derived from o whecl or turbine into electrical cnergy.
This equipment is quite expensive, but will pay for itself many times over
in satisfactory operation, '

The Gencrator:

. Generators can usually be purchased complete with full instructions
for their opcration and care. A.C. generators must have some special pro-
¥

vision for supplying direct current to their ficld coils, and this is usuzlly
done by means of 2 small auxiliary generator (called an cxciter) mounted on
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the generator shali or by means of a special set of windings within the
generator itseli, Also, these gzenerators will require a special governor
on the driving turbine or water wheel to keep their speed constant. In
addition, there will be a voltage regulator to maintain a constant output
voltage. This regulator can be adjusted so that it will maintain a con-
stant voltage at some point near the farm buildings. Thus in ordering a
generator it will be necessary to indicate the distance from the power plant
to the farm buildings and to show the types of electric equipment which will
probably be used in each building.

D.C. generators will probably be "compound" wound. Generators of
this type can be so regulated that they will deliver constant voltage under
a wide variation of driving speeds, making a governor unnecessary. They can’
also be adjusted to hold the voltage constant at some point on the farmstead,
without the need of a special regulator.

Generators will require little attention, but this little they must
have., Manufacturers! directions for lubrication must be followed to the
letter. All fuses must be properly installed and well maintained. Otherwise
a short circuit may burn out the generator. Generators must be kept free of
dust and dirt accumulation, and they should be located so that water can not
splash on them., In some cases it may be necessary to shield them with a
metal or wooden cover, Brushes will have to be replaced occasionally as they
wear down and begin to spark., Replacement brushes should be ordered from the
manufacturer, although most distributors of electrical supplics also can fur-
nish them. In ordering brushes, always give all of the information on the
generator name-plate,.

The Switchboard:

Usually the switchboard will be supplied with the generator. This
board carries switches to control the electrical circuits from the generator;
meters to indicate the voltage and current; a rheostat for manual control of
the voltage output; a regulator, if one is necessary; and the main fuses,
With sets where a battery is used, a battery switch is also provided. This
makes it possible for the plant to charge the battery alone, or for the
battery alone to supply the main line, or for the battery to be connected
across the line,

The fuses on the switchboard should be of such size that they will
blow if the generator is overloaded. They should not be tampered with in
any manner, for their purpose is to protect the expensive generating equip-
ment, In case they keep blowing, and no defect is found in the transmission
lines or in any connected eguipment, it may be that too much equipment is
being connected to the line, and then either some of this load must be
removed, or the capacity of the water plant, generator, and transmission
system be increased to care for it.

The Battery:

Smzll capacity plants will usually have a battery and this battery
should have good care at all times if it is to give maximum service. - Mam-
facturers give full directions in installation and care of batteries, but a
few of the more important seneral directions are listed as follows:
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Tnzt211 batteries in a clean, dry place and in a well lighted room,
but do not alilow direct sunlight to fall on them nor allow open flames near
them. Have the room well insulated against severe temperature ranges.
Temperatures higher than 95 degrees F. are damaging, although low temperatures
do little damage if the battery is kept well charged. The floor should be of
concrete and designed so that it can be kept clean easily.

The charge on the batteries must be watched closely and not allowed
to get too low. Operation at low charge will guickly damage batteries, and
is one of the primary causes of battery failure. It is well to zive the
battery an overcharge about once every two weelrs to completely oxidize the
sulphate. At other times judicious use of energy will allow the battery to
discharge about as much as it charges. For example, if it discharges at the
rate of 5 amperes during heavy load, and averages this for a period of 3 hours
a day, there should be 3 hours during which it charges at about 5 amperes
(or a little over to make up for losses in the battery). A charge of 2%
amperes for 6 hours will also replace this energy. In other words, the
amount of current multiplied by the length of time of charge should a little
more than equal the amount of current multiplied by the length of time of
discharge for each 24-hour day. Then about one day every two weéks the
amount of charge should be increased to two or more times normal.

Lead storage batteries can easily be tested for charge by means of
a hydrometer, following manufacturers' directions. A voltmeter should not be
used alone as it gives but little indication of the charge; and an ammeter,
if placed across the battery terminals, will quickly burn out, Battery

testers of course are satisfactory.

Good quality batteries, wien well taken care of, have been known to
last ten years, or even longer. However, if allowed to dischargze so that they
"sulphate", of if otherwise not carefully taken care of, they can easily be
ruined in a short time.

Transmission Lines:

Transmission lines should be built to last indefinitely. Sloppy
construction will cause excessive line losses, and will never be satisfactory.
Wire must be the proper size as indicated in table 4, otherwise proper voltage
cannot be delivered, Poles should be good quality, large and straight, and
should be properly treated with creosote or other wood preservative to insure
long life. The line should be run as straight as possible, with all corners
well guyed or braced to substantial steel anchors or "dead men", Insulators
should be of porcelain, or pyrex glass (not ordinary zlass telephone line
insula*~ore} designed for the line voltage which is used. VWires should be
tied ne insulatosi as shown in figure 13a. If it is necessary to "dead
ne on a pilz, two cross—arms should be used with wires fastened as
sure 13c, 41l line wires can be bare, but all wires leading from

b .23 should ba weatherproof covered, and should be
*s by means of pull-knobs or service racks such as
. figure 14. Short lines may use service racks instead
Lt2ze does net cxceed 25C volts. All wires hung on

+: vieathcrorocf covered.




(A) FASTENING Line WiRE
Fo Insv.aror
(B) Wiaes SurscrTec FROM
Seconvary Rack
(C) Mernoo OrF Deap- Enping”
Linves On Two Cross Arms

FIGURE 13. UETAILS OF TRANSHISSION LINE CONSTRUCTION
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FIGURE 14. DETAILS OF ENTRANCE TO A RESIDENCE

Protection from lightning is obtained by connecting a
ground rod to the neutral line directly below the entrance.
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te sizes of vires which should be used in trensmission lines can
from table 4, appendix IV, which b1ves the maximum length in

be determined
feet for any of the common wire sizes if an excessive line loss is to be a-
voided. For instance, if z 3 kilowatt plant is to be located 500 feet from

the farm buildings, No. 2 wire will have to be used if 120 volts are avail-
sble, but No. & will be satisfactory if the plant supplies 240 volts. (These
sizes would also be satisfactory for lines over 600 feet long.)

The advice or help of an experienced lineman will be invaluable in
the installation of a permenent, satisfectory transmission iine. Such a per-
son will also know how tec obtain proper materiazls, and the added service from
the line will more than offset the cost of his services.

Entrances to Buildings:

¥lhere the wires enter the buildings suitable "entrances" must be
installed. These should be either in conduit or in service entrance cable.
Suitable service heads are necessary at the uppsr end of either the conduit
or the cable. Rubber covered wire at least as large as the line wire should
extend from this head fer enoush that 2 drin loop can be made and the wire
fastened to the incoming line wires as shown in figure 14. This conduit or
entrance cable leads directly to the entrance switch and fuse block inside
the building, One of these switches should be nlaced in each wired building,
and located so that it ean be opened easily in cose of fire,

Tyoes of Wiring:

Interior wiring is specialized worlt and should be done by a compe-
tent electrician. Improperly installed wiring offers many hazards from fire
and electric shock which can be entirely eliminated by proper installation.
A1l wiring should be done in accordonce with the regulations of the National
Electric Code, for only in this way can all danger from faulty wiring be re-
moved. Also, it has been found that '"Code" wiring by a competent electrician
is little, if any, more expensive than work done by unskilled worl:ers. Ma-
terials will cost approximately the same in either case--in fact the electri-
cal contractor can usually pass on valuable discounts if he puts in the worlk——
and beeause of his skill the experienced wireman can usually work enoush fast-
er than the unskilled worler that he makes up Tor the dibeanCC in wage rates.

Three types of wiring are generally used in houses and farm build-
ings. These are: (1) M:nob and tube", using single rubber covered conductors
mounted on porcelain insulators as shown in fl"ure 15; (2) armorcd cable, us-
ing two rubber covercd conductors inside of a flexible stecl conduit as showm
in figure 165 and (2) non-metallic sheothed cable, in which the conductors are

sed in a Tibrous outer covering as shown in figure 17. In addition, it
¢ to usc conduit or "thin—wall tubing? to hold the conductors, al-
se rnethods are nors expensive and therefore not widely uscd.

conductor used is very important; as conductors which
> on excessive amount of encrgy, nossible heating badly
zaprd, and also causins eouipm qt to opernte insfficiently.

T



Fgure 15. OPEN KNOB AND
TUBE WIRING IN A BARN.

The white wire is the
neutral line. This type of
wiring is protected by run-
ning it close to beams and
"joists. Notice the addition-
al protection (loom) where
the wire enters the outlet
box above the light.

-

Figure 16. ARMORED CABLE
WIRING IN A GRANARY.

Cable must be securely
clamped to outlet boxes and
should be well supported
between outlets. This is an
excellent type of wiring for
open, dry locations.

Figure 17. NON-METALLIC
SHEATHED CABLE IN A
DAIRY BARN.

This type of wiring is ex-
cellent for stables where
fumes might attack metal,
or for concealed work in
linished buildings where
wiring must be “fished”
from outlet to outlet. Wir-
ing in damp locations
should be lead covered.
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Table 5, appendix IV, indicates the minimum sizes of conductors to use with
different systems and for various purposes. Any circuits longer than 40 or
50 feet should use at least one size larger than thet indicated.

Outlcts and Swiitches:

Plenty of convenicence outlets should be provided. Wiring regulations
require at lcast two in the kitchen, dining room, living room, or similar room,
and at leest onc in each hallway and bedroom. At first this may secm too many,
but cxperience has shown that morec outlets than this arc usually necded, and
these are much more expensive to install singly than at the time the whole
house is being wired. Barns and outbuildings should also have plenty of out-
lets for all future needs. These must be of sufficient capacity to supply the
amount of current which will be drawn from them. The number of outlets will
depend to a great extent upon the power output of the plant. Small plants
cannot supply very many different appliances, so of course it is necessary to
install only a few outlets. However, the above recommendations on number of
outlets should be applied whenever more than 1.5 kilowatis arc available,

Wall switches are very important items which are often overlooked
in plamming wiring installations. If thoy are not provided, it is necessary
to turn lights off by means of a key or pull chain on the socket or light fix-
ture. This jerks the bulb & little, and materially shortens its life. Wall
switches will pey Ffor themselves many times over in the lifetimc of an instal-
lation. In addition, they arc so much more convenient thet no installation
should be mode without them. TPhree-way and four-way switches should be in-
stalled at each of the principal entrances to important rooms such as xitchen
and living room so that it is not necessary to stumble across a darli room to
find a switch. Switches should be provided on kitchen outlets, and on the
washing machine outlet also., lost smell appliances do not have switches on
them, and if they arc turncd on and off by inscrting and pulling the plug on
the extension cord, this quickly damages the receptacle contact and causes the
appliances to operate inefficiently. Switches are for convenience and for
providing zood circuit contacts for a lonz life installation. They should be
used freely throughout the house and in all the outbuildings. Switches are
particularly required to prevent damage to contacts and equipment used on low
voltage D.C. systoms (6 to 40 volts). Because of the heavy currents, these
switches should be the heaviest obtaincble and should never be less than 10
ampere capacity.

Protection of Electrical Equipment

Two dangers exist in an electric circuit. Onc is that too much
currcnt will flow a2long a wire, causing it to heat, or causing contacts to
heat so much that insulation is damaged and possibly a fire is started. The
other is that too high a voltage will be impressed on the lines as a result
¢f lightning or some other cause.

Fuses or circuit breakers protect wiring from damage by too large
a2 current. Thery should therefore be of the proper size. Wiring code regquire-
ments are very specific upon both of these points and must be followed if

1 o AN s



APPENDIX I. S0ME DEFINITICNS

To discuss intelligently the principles which govern water whecl
construction and operation, it is necessary to understand the exact meaning
of certain words which are commonly, but often loosely, used. Some of the
more important of these are discussed here briefly so that there may be no mis-
understanding of their meaning.

"Force" is generally considered as an action which tends to cause an
object to move or to change its motion, in other words to speed up, slow down,
change its direction, etc, "Work" is done whenever a force causes an object
to move. The distance whith the object moves, multiplied by the strength of
the force, gives the amount of work done. Since distance is usually measured
in fect, and force in pounds, work can be measured in 'Toot-pounds", onc foot-
oound being the amount of work donc when a force of one pound moves an object
one foot. For instance, a 10-gallon can of water will weigh roughly (including
weight of can) 110 pounds, or in other words, it will take a force of 110
pounds to 1ift the can. If a man 1lifts this amount three fect, he will do
3 x 110 or 330 feet-nounds of work, :

This can of water may now be hung from a ropc over a pullcy in such
a way that when it descends again it will 1ift nearly its own weight the same
distance. In other words, thc can of watcer has become cameble of doing work
becausc work was done on it when the man 1ifted it to a higher vosition. This
ability to do work is callcd "energy!.

In the cxample just deseribed, the can of watur had cnergy bocause
of its clevated position. This form is roferred to as "potential® cnergy.
Now if an objcct is moving, it will tale force to bring it to rcst. Since both
the resisting force and the object will be moving while the objcet is being
stopped, work will be done, In othor words, the moving body had cnergy becausec
of its motion. This forin is callod "kinctic!" cnergy. An objcct can also have
energy because of its internal condition as in the casc of a compressed spring,
or water under pressure, or becausc of its clectrical or chamical condition,
or beccausc of other conditions which zive it a capacity to do work. These forms
of cncrgy can bc changed onc into another, but it must bc kept in mind that en-
crgy cannot be crecated out of nothing, and that it is impossible to.obtain more
energy from any type of machincry or cquipment than.was. originelly available,
Often, howecver, attempts have been made to do this very thing with water power
“cguipment, and of coursc the roesults have alweys beon disappointing.

Worl: can be thought of in another way now, for it reprcscnts a change
in Whe form of cnecrgy. Energy and work can thereforce be measurced by mecans of-
tht szome units, that is, in foot-pounds. It will be noticed that this measurce-
nent does not takc into account the time required to aecomplish a given amount
of work., For ciample, "a man can de as much work as a horse!; but he must
talze a longer time to do it, ;

Somctimes it is nccessary to moasurc the spced or "ratc" at which
worlt is donc. This ratc is caliced "power" and should not be confuscd with the
worlk itsclf or with encrgy. The most commonly used unit of power, called the
"Thorscpowicr!, rcprescents 550 foot-pounds of work done each second. The '"watt!

or "kilowatt! (1000 waotis) arc gonorally used when refcrring to clectrical
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equipment. There are approximately 746 watts in one horsepower, and there-
fore either of these units may be converted into the other. One kilowatt of
power used for one hour is called a "dlowatt-hour®. ILilzewise, a horsepower
used for one hour is a "horsepower-hour", These are again energy units sim-
ilar to the foot-sound, but of course very much larger.

Water can be put to work in three different ways, First, it may do
worlz while falling, as over an overshot woiter wheel, thus using its potentiol
energy; or second, it may use its liinetic cncrgy duc tc its motion, by moving
through an undershot or currcent wheel, or by flowing throuzh a nozzle into an
impulse wheel., A third way is to use the pressure which may be found a2t the
bottom of a standpipe or reservoir. This can be used along with velocity, in
a turbine. If a given quantity of water is put to work in any onc of these
three ways, and if the distance of fall in the first case is the same as that
required to give the velocity in the sececond (with a free f£211), and if this
in turn is thc same as the depth required to producc the pressure in the third
cesc, it can be shovm that the work done will be theoretically the same. This
depth or height of fall is called "head", or sometimes "volocity head! or
"pressure head" to indicate the form of the corresponding encrgy. In any case,
the energy available in the watcr depends upon the head and the amount or quan-
tity of water available and upon thesc two factors alone. Likcwigzj_ghc avail-
cble power depends upon the hend and the rate of flow which can be obtained.

A clear understanding of these points is essential.
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APPENDIX IT, DETER:INATION OF AVAILABLE POWZR

An approximation of the developed nower which can be expected from a
water power plant is given in table 1, which lists the approximate power out-
put from 2 flow of one cubic foot of water per second under vorious heads, and
with various types of wheels. 1In order to find the amount of power which can
be expected from a given installation, simply rmltiply the flow in second feect
by the factor found in the table opposite the given effective head for the
type of wheel and drive which is planned.

"The "effective" head as used in the table is the head aveilable at
the wheel, not taking into account any lcsses through flumes, penstocks, head-
gates, cbte. In turbine developments with heads up to 10 or 15 feet, it is of-
ten possible to convey the water directly to the turbine with a very short
flume or penstock of the type shown in figure 3. In this case practically all
of the head is effective. In a longer flume, canal, or penstock, from 5 per
cent to 10 per cent of the total available head will be lost in conducting the
water to the plant. This loss should be corrected for in estimating the power
which can be delivered by the wheel. In addition, mechanical, electrical, and
other losses which arc not taken into account in the table should also receive
proper consideration.

In case a given power output is desired, and the recuired flow in
second feet must be calculated, the proper factor should be selected from
tzble 1, and divided into the given power output. For example, if a direct
turbine drive is planned, and the available "effective" head is fifteen feet,
how much water is needed to furnish 5 kilowatt output at the generator? Divide
5 by the factor 0.756 found in the table opposite 15 and in the column headed
"Turbine-direct drive", and the answer is 5.58 or about 6.6 second feet of wa-
ter required.

For purposes of direct calculation, table 2 gives approximately the
range in efficiencies which can bhe expected from vorious types of water wheels,
and water power plants,

Table 3 gives the head in feet which is equivalent to any given ve-
locity. Theoretically, this head of watcer will give a vclecity of the amount
indicated. Actually a considsrable portion will be lost in meling the change
froa potentinl to kinectic cnorgy.
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TABLE 1.--FO¥ER OUTPUT OF DIFFERENT TYPES OF TATER VHEELS WITH FLOY OF ONZ
SECOND-FOOT AT DIFFZRENT HEADS

e,

{ i Power output on wheel shnfi | Power output from gencrator driven as
Effec-: in horsepower indiented - in kilowatts
tive | . Over-: Over-: Current Wooden : HMetal :
| head | Current: shot ! shot | wheel . overshot overshot: Turbine: Turbine
at -1 wheel : wheel,: wheel,.Turbing through’ throuzh ; through | direct:through
lwheel, | wooden: metal ! jeck | jeck | Jjack : drive :gear off
feet | ' buckets ‘buckets! shaft ;| shaft | shaft | ¢ shoft
1 t : : '
1] 0.030 5 : 0.0085 ; :
2% 0.061 : : 0.0200 : ; ; ;
3! 0,100 :0,118 0,133 :0.18 | 0,038 '0.050 ‘0.062 :0.118 :0.105
44 0,133 0,18 0,200 :0.29 | 0,061 :0.087 :0.095 :0.167 :0.154
5 .18 : 0.25 0.29 10,38 |0.083 :0.118 :0.132 :0.21 :0.200
6 ] 1 0.32  10.36  :0.48 10,154 10,172  10.26 :0.24
7 0,40 10.43  10.56 ‘0,189 :0.21  i0.32  10.29
8 | . 0.48  :0.54 10.65 0,22 10.26  :0.37 i0.33
9! : 0.57  :0.67 :0.76 10,26 10,31 1043 (0.40
10 & 0.68 :0.76 .0.85 ‘9.3 097 ;0.50 1045 |
11 ! 1 0.78  10.87 0.9 ;0,37  10.42 0.5 :0.50 |[]
12 i : 0.88  :0.98 11.05 | Impulse:0.43  :0.48 0.60  10.55 ||
13 ¢ Impulse: 0.98 '1.11 !1.14 wheel :0.48  :0.52  :0.65 :0.60 ||
14 | (Pelton) 1.05 - :1.20 :l.22 | direct :0.51  :0.57  :0.70 .0.64 |}
15 ' wheel ' 1.14 :1.28 :1.33 drive '0.56  10.62 0,76 10.70 ||
16 ' 1,18 :1.23 11,41 1,41 [ 0.68 :0.60  :0.68 10.8 :0.75 ||
18 1 1.33  1.43 1.6l '1.59 [ 0.76  :0.68  ;0.78 :0.90  10.83
20 : 1.52 1.5 L.79  !1.72 |o0.8 :0.76  :0.88 0.98 :0.90
22 1 1.69 11,72 2,00 !1.89 10,99 ‘0.84  :0.97 1.08  :0.99
2L + 1.2 {1.89 2.2 2.0 1.0 0.2 105 1.15  :1.05
25 1 2.0 2.0 2.3 2.1 1.16  :0.95 i1.10 1.1 :1.08
30 2.4 2.3 2.7 2.4 .39 .15  ©1.31 141 11,27
351 2.9 : 2.8 1.67 ; 1.64 1147
40 1 3.2 ‘ : 5.2 1.89 1.85  11.69
45 1 3.8 N 2.2 2.1 11.89
50 4.2 ‘4.0 2.4 23 2 L
75 1 6.4 i 2.9 1 3.7 3.4 3.1
L 100 ¢ 8.5 : 5.0 3
P 125 110.5 : 6.2 : g
| 15C 12,5 ' 7.2 : ;
200 116.7 2.6 : Hi
| 300 2rr B VA S
P 400 320 ; : 18.9 g
! 50? %.ﬁ’-,:;.:* . ' 123.3 S .

v tables for numerous coiuiercial)
on hoaemade wheels. They siiould

oy Tyr Tk mlimar el e wes sy =y Y
1 aunctly, bub shouldd ive 2 d
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TABLE 2.—--EFFICIENCIES OF WATER POYER PLANTS

f
iCommercial impulse whecl

Type of wheel

Eff

icicney of wheel

.

: Overall efficiency of wheel,

power drive, and gener:tor

Homemade current wheel
Homenade overshot wheel
Commercial current whcel

Commercial overshot wheel

Commercial turbine

Direcct drive

Gear or bellt drive

P L o

10Z to 40%

20% to 70%

20% to 50%

50% to 80%

60% to 85%

60% to 80%

B L LR Y T

10% to 35%

30% to 60%

45% to 703

38% to 65%

45% to 70%

Liar e —— AL AR § . Lo Y Bt st

TABLE 3.--EQUIVALSENT EEADS FOR GIVEN VELOCITIES

et e o i e S A et
v
/]

Velocity ;
ft./sec. ; 0.0
0 i 0.0000
1 ¢ 0.0155
2 P 0.0622
3 + 0.1398
& L 0.2486
5 i 0.3885
6 + 0.559
7 v 0.761%
8 P 0.9945
9 ¢ 1.25856
10 1.5539
11 1.8802
12

2.2376

Fouivalent hend in feet

'+ 0.0006
© 0,0224

0.0752
© 0.1591
P D274
0.4201
0.5973
* 0.8055
' 1.0448
i dedol
¢ 1.6166
v 11,9492
2.3128

*These vnlucs do

not t-lze inte nccount friction

or othier losses.

r B4 § 0 0.5 0.8

. 0.0025 : 0.0056 : 0.0099
» 0.0305 ! 0.0398 : 0.0503
;1 0.0895 :{ 0.1050 ! 0.1218
1 0.1796 ¢ 0.2013 | 0.2243
P 0.3008 : 0.3287 i 0.3580
b0.4631 ¢ 0.4872 + 0.5227
i 0.6364 1 0.6768  0.7185
©0.8508 : 0.8975 } 0.9453
©OL.0964 ¢ 1.1492 ¢ 1.2033
P 1.3729 & 1.4320 1 1.4923
t1.6806 & 1.7459 ¢ 1.8124
¢ 2.0194 ¢ 2.0909 i 2.1636
P 2.3892 1 2.4669 1 2.5458
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AFPENDIX IIT. ENERGY AND POWER LOSSES

Whenever water is put to work, and the energy which is released is
converted from one form into another, some of the total aveilable energy will }
be lost. Some of these losses are unzvoid-ble, but all rust be kept as small §
2s passible, for otherwisec they may dissipate a major part of the woter energy
which is available, The more importont sources of energy loss, which will be
found in most water power plants, are:

1. Loss of head in delivering water to the wheel.

2. Loss of water through leckage of canols, flumes, or lenkare
within the wheel.

3. Loss of hecd in removing wnter from the vicinity of the wheel.

L., Loss due to impact with and friction in passing through or
over tne buckets, runners, or hlades, '

5. Loss due to turbulence or splnshing caused by disturbing the
stremm flow in passing through the wheel or turbine.

oo e,

6. Mechnnicnl losses due te friction in the bearings, wind re-
sistance, etc.

Some carefully built water wheels and turbines have been able to keep
the totnl of these losses zs low 2s 10 per cent of the nveilable energy. In '
other words, "efficiencies" as high as 90 par cent or more have been atteined,
but such coses are unusual. Ordinorily the best efficicncies obtrinnble on
direct drives from the wheels or turbines will be betwesn 75 per ceant ond 85
per cent, while 50 per cent to 60 per cent will be more common where homemnde
equipnent is used.

B P,




TABLE 4 o=-—ALLOWABLE LENGTHS OF TRANSHISSION LINE

voltage | '

ilowable 1l.ength of line in feet

and I Kilowatt

allowable | capacity

drop | | 123 10 8 . : , i - b 0 i 00 ¢ 000
e e A et s o e o s i S amn . A ~4 e T T * = .
8 v. I 0.25 ; 2, i 38 60 i 95 i 120! 150 ! 200 ! 250 . 300 : 400
(2-%. P 0.50 . 19 ¢ 30 1 48 60 ' 75 ¢ 100 125 ' 150 200
darop) | 0.75 | : P 207 B3R 4O i 50 ; 65 ! 80 : 100 ! 130
i 1.00 | : : 24 30 ¢ 38! 50 ; 60 75 : 100
.............. T T T T L T LT T TR PP .._-..-,f.. .---..:...-..-.....';-....--..."....--.-...'w--.-.-
|35-38 v. | 0.5 | 80% I 125 i 200 ! 320 : 510 650 : 800 | 1000 ;1300 ; 1650 2000
b e, 1.0 i 40 ; 65 i 100 ! 160 i 250 ¢ 325! 400 ! 510 | 650 : €20 1000
i odrop) | 1.5 } 25 . 4D 70 ; 100§ 170 215 : 270 ! 350 ! 430 i 550 700
| . 2.0 P30 50 80 : 125 160 ; 200 ¢ 250 & 325 ¢ 410 | 510
g 3.0 | ; 35 ¢ 55 : 85 100 © 135 ¢ 170 ; 215 | 275 | 335
{120-125 v.. 0.5 i350% ! 575 i 900 i 1450 ;2300 : 2900 : 3700 : 4650 : S ;
| 2 wire 1.0 180% ¢ 290 i 450 @ 730 ' 1150 f 1,50 : 1850 2300 ;2900 ! 3700 4650
| system I 129% & 190 300 ¢ 385 . 770 975 : 1200 | 1550 ;1950 : 2500 3100
I (5=v. ;20 90% | 145 : 230 : 360 i 580 730 ; 920 : 1150 {1450 } 1850 2300
! drop) | 3.0 60% © 95 i 150 i 240 ! 380 485 1 610 @ 775 ¢ 975 ! 1230 1550
: ! 4.0 34 72 1 115 1 180 & 285 1 365 . 460 I 580 730 : 925 11150
’ 5.0 36 57 92 1 145 230 { 290 : 370 465 585 1 740 930
240-250 v, 1.0 725% | 1150 i 1850 | 2900 | 4600 i ; 5 5
3wire | 2.0 360% 575 1 920 . 1450 2300 i 2900 ! 3700 : 4650 ! ; b
loystem ;3.0 24C% 1 390 1 610 i 970 :1550 } 1950 . 2500 3100 3900 | 4900 !
1(10 volt | 4.0 180% 1 290 1 450 ! 725 ;1150 1 1450 ; 1850 i 2300 2900 ! 3700 4650
' drop) i 5.0 5% v 230 1 365 1 580 ¢ 925 1 1150 1470 1850 2350 : 2950 3700
' H.s OTF 1 155 1 240 1 385 i 620 1 780 [ 980 1250 ;1550 | 1950 2500
‘ I 10.0 72% ¢ 115 1 185 1 290 i 460 1 580 ; 735 ! 930 1150 i 1500 1850
: 12,5 58% + 92+ 147 ;. 230 370 ¢ 465 50 i 745 1 935 1 1200 1500
; 18,0 48 1 76 1 120 ¢ 190 i 310 385 1 430 ! 615 | 780 : G80 11250

Wixre sizes

6 4 ‘4 i 371 2

#*Spans of more than

-+ e . AT &+ 2ot Wt Tt vt . ammev o

50 feet without dintermediate support

should not use smaller than Noe ,10 wire: -

‘AL YIQNEddY

J0 SEZIS

SHOLONANC) TYRIELOE
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TABLE 5.--kINTLUK WIRE SIZES FOR ELECTRIC CIRCUITS

: Approximate ! BHinimum size of wire to use for: :

! voltage *Entrance;*Entrance! Branch ; Small ; lotors ;kiotors ; Electric

; at to : to out— icircuits; motors ! 1 hp.: 3 hp. ! range
plant i house ibuildings: 1 hp. :to 3 ho.!to 5 hp. . circuit :
- : : : or less! ' : g

; - ———— . ——— ..-_—-.‘...r._«. E .——-.‘:.-.-—- E--—— 71:-~ :',_ ; S . ‘

'8 v. D.C. 5 1 & 1 8 @I & 7 s 1 o= § =

13538 v. D.C.; 6 : & |10 {10t — i — i — |

: : : : : : : i

'120-125 v. o Coo.d : Eo, i

'D.C. or A.C. = 18 (& & 1 F [ @ 5 =

| i E : : : :

1125 and 250 v.| . ! ' : - s :

§D.g.aor A?C. . 3-6% 1 8 LA N VO O 3-68 |

*Entrance should in no case be smaller than the largest circuit in
the building.

Sotors larger than 1/L hp. are not practic:zl on this voltage.

P31/ hp. — No, 10; 1/2 hp. - No. 10; 3/4 hp. - No. 8; 1 hp. - No. 6.
CPlants of less than 1.5 kw. capacity can use No. 8 entrance.

dNo. 14 is allowed for short branches to lighting loads. No. 12 should
be used on 2ll appliance branch circuits.

Gy 5 . )
Three No. 6 conductors. Where plant has capacity of 5 !w. or more,
three No. 4 or larger wire should be used.

fThese motors operate on 230-240 volts.

ETwo No. 6 and one No. 8 arc sometimes used.
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